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ABSTRACT

The citrus red mite, Panonychus citri (Acari: Tetranychidae), is a serious pest
in citrus orchards in Jeju, Korea. This pest feeds chlorophyll in the cells of leaves
and fruits resulting in the inhibition of photosynthesis and early leaf drop. Eight to 13
generations are completed a year in Jeju area. Various computer simulation models
that have been developed to analyse the population dynamics of Tetranychid mites
require complex biological parameters with a lots of experimental data. In this studies,
life table parameters of P. citri were estimated by using the age—specific survival and
age-specific fecundity data on 6 species of citrus leaves. Also, temperature-related
parameters were estimated by using previously reported development data, and a
temperature-dependent matrix model for P. citri was constructed based on the
parameters. The obtained results were as followings.

1. The egg incubation times were shorter on Shiranui, Kiyomi and Lemon as
77, 7.8, 75 d, respectively than other species of citrus. The development time of
deutonymph was shortest on Kiyomi as 1.7 d. Total immature development time was
shortest on Kiyomi as 13.3 d, while it was longest on Miyagawa as 154 d. In the
experiments for the fecundity on different species of citrus, a higher fecundity was
observed on Shiranui and Lemonon as 39.6 and 29.7 eggs, respectively, while a lower
fecundity was obtained on Kiyomi and Setoka as 21.6 and 21.1 eggs, respectively.

2. The obtained development and fecundity data were subjected to estimate
the life table parameters of P. citri on different species of citrus leaves: net
reproductive rate, generation time, intrinsic rate of natural increase, finite rate of
increase and doubling time. The estimated values for intrinsic rate of natural increase
which affect directly population increase in the field were high on Shiranui and
Lemon as 0.1519 and 0.1395, respectively, while the values were low on Setoka and
Kabusu as 0.1056 and 0.1177, respectively.

3. To analyse the effects of inorganic nutrient contents in citrus leaves on the
development time and fecundity of P. citri, Pearson correlation coefficients were

estimated between the paired variables. The results showed no statistical significantly
—_ 1 —_
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between differences contents and development or fecundity, although there were a
higher positive correlation in P, K, and Na contents.

4. Temperature-related biological parameters of P. citri were estimated by
using previously reported development data. In the estimated development modes of
eggs, larvae, pronymphs, and deutonymphs, development rates increased with
increasing temperature to a maximum, and then decreased in a high temperature
region showing a typical development curve in arthropod species. Also,
temperature—dependent total fecundity model, age-specific oviposition rate model, and
age-specific survival rate model were developed to construct an oviposition model for
R Giri.

5. A stage-structured matrix model was developed to project the population
dynamics of P. citri, which composed of five age classed: eggs, larvae, protonymphs,
deutonymphs and adults. The development models of each stage and fecundity curve
of P. citri were successfully incorporated into the projection matrix.

6. To evaluate the predictability of the matrix model developed in this study,
model outputs were compared with actual field data in a cool early season and hot
mid to late season, 2004. The outputs of matrix model showed a typical exponential
form of population growth. In the comparison of egg and adult populations, the model
outputs pursued closely the actual field patterns till 30 d after model running in the
both of early and mid to late seasons. Consequently, the developed matrix model
could be used to estimate the population density of P. citri for a short period of 30 d

in citrus orchards.
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Table 1. Temperature-dependent development data of Panonychus citri and source

references.
Temp- Nymph Pre-
) Long- Fecu-
erature Egg Larva Proto- Deuto- ovip— ] i References
. Total i evity  ndity
() Nymph Nymph ositon
12 312 - - - - - 739 129  Yasuda, 1932
15 204 58 = = 149 = 23.3 373 Choai, 2006
15 183 58 55 75 13 54 32.2 165  Kasap, 2009
16 144 = = - - = 35 209 Yasuda, 1982
20 78 25 27 3.6 6.3 18 155 221  Kasap, 2009
20 88 2% - N 45 = 83 266  Choi, 2006
20 96 - - . - = 30.3 344  Yasuda, 1982
Kim and Kim,
21 112 34 2.8 3.8 6.6 - - -
1999
Kim and Kim,
24 77 U 2.1 25 46 - = -
1999
24 72 - = 1 - 3 26.3 426  Yasuda, 1982
25 6.4 19 18 2.1 3.9 1.3 146 256  Kasap, 2009
25 55 15 - - 4 - 6.3 284  Choi, 2006
25 - - - - - - 149 67 Gotoh et al., 2003
Kim and Kim,
27 59 19 14 2.2 3.6 - - -
1999
28 58 - - - - - 13 126  Yasuda, 1932
Kim and Kim,
30 49 16 14 15 29 - - -
1999
30 49 1.3 1.7 2 3.7 2.2 136 166  Kasap, 2009
30 48 1.3 - - 3.3 - 6.1 244 Choi, 2006
Kim and Kim,
33 5 14 1.3 15 2.8 - - -
1999
32 53 - - - - - 105 73  Yasuda, 1982
3H 43 14 14 2 34 - - - Kasap, 2009

"' No data available.
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4% g ey
2) eEY F4AS 2

FTAbe T Y S FA48A A, 25T oA+ Kasap(2009), Choi(2006), Gotoh et al.(2003) &
Auel BALL ol EHATHTable 1). £xot B Adse] wAE dep= o oiA
FAZAE ABEA oE 2a Y FAEBE Qb Aeoln BAH Mag4

T = vas] A4S o] 83t ArHRichards 1959, Hilbert and Logan 1983, Shaffer and
Gold 1985, Allen et al. 1995, Kim and Lee 2003a, 2003b).

A7 p e nE FAMoEE wijHsoln, AHFeo FHS AEZH d#H(Pz,
Eqn. 3)o. 2 wW3kA|7]aL o]d]

o
ol AN s e FASRGL 4 LR A o

A T & (Age-specific survival rate)< 7t $-3}gt ojH A ZF o] A
Zrol Aato] o= Ao =dds w Holde MAFY HEoln AH7tA] EF 9
ARG AEES ndsH7] fsk A5 Birley 1977), Gompertz 3 (Clements and
Paterson 1981, Readshaw and Van Gerwen 1983), Weibull $}5~(Bartlett and Murray
1986, Madden et al. 1986) “s°] o]&¥n Uttt & Aol e= A ARo= RIYPES o] &
3} HEqn. 5, Kim and Lee, 2003a).
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N 1 N
s (Po)= 1+exp[(y—pz)/d] g,

4714 s(Pz)= AA A9 Prold AES, v 50% AEEA Beae 4
4,

g4 A3, 5 dMARsem, 459 $9¢ 44 AU(Pr, Egn DO MBI
ool Tlgate Amd AER(s(Pr)) g2 olgete]l £ wWANME G 24
St o AFA ARd gk AEEE AUAX AEFE AL AAFZ Ui

oz gddrt 2 AFodAe Kasap(2009)¢] Bist AdE AEE I A5E F

2-2. MAT 257 3 JEEF I 4L EZAH
2-2-1. JEEY A
23l AT FEHE A7 fske] Aol AR oeR Y FERF[TS
A WE FH ] (Leslie and Lefkovitch, 1965)S ©]-&3tth 5o WA= o
fre, Al 1S, Al 295, 4% S9AlE &gt 712 FERFELS ol et B2 %

E 7FA 3 ok

n(t+1)=A(t) n,(t)

(3

o171A n & dWE A ol FAAERE n(t)e ATE oA i— WA LS EA

(3

MAGIaL, n(t+1)= AZE t+191A AAGeleh 2 A3 2P A7F -4 24h(1

’

Ao S A"z HH )= AR el A AT FEE, AT 2E)E U
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AZNA Fe(T,) e &% T TCollA A & A&, (1) € B35 T5&0
/). 2t EEgAY AESC] FHEE A M ()= r,(T,) .52 54 F

ATHS; - i—HA TFEA M BE8).

80%E A-&stith Au(¢A 9 Hl &)= 0.7(Yasuda, 1982)% 714 st At
A A SAEE DA F8oe "BEV 53 7S = 7] Wi

AEoEd e4E FUledT 4E o & #8 A AU E VES £

S xgste] 9000 Ha 7]Eo| A tH(Takafuji, 1983). Wk & Ao #3of =859

(K& 9 9 900rtel = dAsion, 2reoE=d T3HDMN)7F A5 Atesgdnt 4

0

X = e o3 2ol AlLkstath
D(N)=(K—N/K) (N = g% 9% N>K o] D(N)=0 4&)
uetd HFH AddE f(T,) » D(N) &2 FA39

FEARY A7l B 2 FEEFNAN T V1A 718 AR 7]HE

2(2004)=
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4,
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oF vttt AdZR7] 27|UER 49 289 FAE o & < 1.14, °2FF 026, AF 0
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1. 72 29 28] 87 19 E A%
1-1. 28] 2% 2 HBAY
o] gol e WAL e BAe] 9ol & 659 7w Ao HE
s 7l wsUHe Ae ATE E 29 2 B RN E Aol 85%, FA5

7F 7749, HHo]l 784, AEIIZE 854, @ tel 754, A Zto] 81Y olfrh &2 #H el
A g e Fgtekglon, SR AET A ZBE A F-sheksdth(F=1451; df=5,
244; P<0.001). Fa3 Al 1457172 RE Ald E TolA v siA LSsder &
ARoz Fodge] It Al 2FF710-& T Ho] 28y, ¥R 21, Ao 1.7Y,
A7 19Y, Aol 22¢Y, A Zo] 2042 HAAA s wWE Hss B
(F=19.37; df=5, 244; P<0.001). & 257zl = F3o] 154Y, ¥-A37F 13.7Y, I4A
o] 133, AEF}7F 1454, #l#o] 136%Y, AZte] 141942 HANA 713 wgiown
(F=31.57; df=5, 244; P<0.001), gl T&o] 71 =Tt
g T F8el A A3 A9 =

BEES Tl 86.8%, A8 864%, HA 77.0%, MEZ 81.8%, #& 854%, A7t
848% = AEHoME 7d Fxrel HTE Aol7t qldth bl A F 9 Abdr)zkn F4t
dre TAAA 11.0Y, 273709 & Abestlar, #4138k 1359, 39.670, Aol 10.1¢,
21670, AEZL 1219, 21170, d 1269, 29770, A7 14.8%Y, 256700t F-A 3}
gito] ¥ 2dsEs BHAd vhE HA NEFNAE A HATH(F=2.98; df=5,

9o Mg R W BPY ARE ol g3l AWE BAY Ao AaF A
REET A9 NEFE 74 PE 2 redd 2 0ee 29 194 1Y 6% 2

1-2. &2 ¥2 ABR TAF +4
e ds 2 A" A o

fHe A9 A= A
&

A4 0 24

qoz o

_—

HA5E AU o &g ol gste] Fgol

AEE B4 7}& (Net reproductive rate), 3 At 7]

—
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38
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jin)
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Table 2. Developmental times(Mean = SD) of Panonychus citri in days on different species of citrus leaves.

Stage
Citrus species
n Eggs Larvae Protonymphs Deutonymphs Total
Miyagawa !
(= ) 39 85 + 0.71 a 21 + 044 a 20 + 036 a 28 + 048 a 154 + 0.83 a
Shiranui
_ 36 77 + 061 c 19 £ 028 a 19 £ 033 a 2.1 + 035 bc 137 + 065 cd
5 A 3
Kiyomi
(2 2) 40 7.8 £ 0.70 bc 20 £ 027 a 1.8 £ 042 a 1.7 £ 052 d 133 + 0.84 e
Setoka
34 85 + 0.88 a 22 + 055 a 19 £ 045 a 19 £ 054 ¢ 145 + 074 b
(A = 7h)
Lemon
g =) 63 75 + 0.73 ¢ 20 + 033 a 19 £ 050 a 2.2+ 060 b 136 + 1.00 de
Kabusu
(= o 38 81 + 062 b 21 + 039 a 20 + 039 a 20 = 054 ¢ 141 + 0.76 ¢
7]

"Means followed by same letters in a column are not significantly different by DMRT(P=0.05).
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Table 3. Immature survival, longevity and fecundity(Mean + SD) of Panonychus citri on different species of citrus leaves.

. ) . ) Fecundity
Citrus species n Immature Survival(%) Female Longevity(day)
(No. eggs per female)
Miyagawa 1
- 16 86.8 11.0 £ 460 a 273 = 1802 b
(& )
Shirany 17 86.4 135 + 527 396 + 17.46
) b5+ 527 a 6 + 1746 a
F A &)
Kiyomi
_ 19 77.0 10.1 £ 360 a 216 £ 1434 b
(3 i
Setoka
16 81.8 12.1 £7.18 a 21.1 £ 1790 b
(A = 7h)
Lemon
19 85.4 126 £ 432 a 297 £ 12.78 ab
(¥ =)
Kabusu
17 84.8 148 £ 553 a 256 = 14.16 a
(A Z})

' Means followed by same letters in a column are not significantly different by DMRT (P=0.05).
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Fig. 1. Age-specific survival rate (lx ) and age-specific fecundity (mx ) of Panonychus citri

on Miyagawa(-&%).

_22_

@ jeju



1.0 1 50
>
0.8 4.0 =
2 - m B . >
~ ) ©
S 06 30 Do
T S &
= 0.4 4 -20 S =2
- Z £
B 0.2 - - 10 &8
2

0.0_ I [ I I I I I _OO

| | |
0 2 4 6 81012141618 20 22 24 26
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Fig. 2. Age-specific survival rate (Iz ) and age-specific fecundity (mx ) of Panonychus citri

on Shiranui(F*]3}).
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Fig. 3. Age-specific survival rate (Iz ) and age-specific fecundity (mx ) of Panonychus citri

on Kiyomi(# 7).
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Fig. 4. Age-specific survival rate (Iz ) and age-specific fecundity (mx ) of Panonychus citri

on Setoka(A|XE7}).
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Fig. 5. Age-specific survival rate (Iz ) and age-specific fecundity (mx ) of Panonychus citri

on Lemon(# ).
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Fig. 6. Age-specific survival rate (Iz ) and age-specific fecundity (mx ) of Panonychus citri

on Kabusu(#Z}).
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Table 4. Life table parameters of Panonychus citri on different species of citrus leaves(23 = 1C, 70 £ 109, 16L8D).

Citrus species GRR R, T r A DT
Miyagawa
_ 28.86 14.12 20.04 0.1321 1.14 5.25
(& )
Shiranui
) 37.52 22.72 20.57 0.1519 1.16 4.56
(F A 3h
Kiyomi
) 24.89 11.33 18.94 0.1282 1.14 541
(% )
Setoka
34.33 10.91 22.11 0.1056 1.11 6.57
(A = 7}
Lemon
277.06 16.00 19.87 0.1395 1.15 4.97
(¥ )
Kabusu
23.15 14.80 22.90 0.1177 1.12 5.89
(A Zt)
—_ 28 —_
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Fig. 7. Changes in population density of Panonychus citri on different species of
citrus leaves in the field. The arrows indicate spraying time of machine oil

the corresponding Julian dates.
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Table 5. Inorganic nutrient contents on different species of citrus leaves.

Inorganic nutrients (Mean, %, ppm)

Citrus
species N P K Ca Mg Na Fe Mn /n Cu
Miyagawa
. 2.453 0.25 1.34 1.74 0.24 0.18 119.7 19.6 12.4 3.28
(& )
Shiranui
. 2.282 0.12 0.95 2.37 0.28 0.07 107.3 25.1 275 2.41
F A &)
Kiyomi
(4 ) 2.566 0.14 1.12 1.89 0.43 0.07 137.9 15.2 51.8 20.8
Setoka
2.395 0.12 1.2 2.43 0.27 0.05 112.1 104.3 42.3 99.5
(A &= 71
Lemon
2.237 0.17 0.98 2.08 0.24 0.04 105.1 34.1 20.8 139
(¥ )
Kabusu
2121 0.14 0.59 3.36 0.34 0.05 115.2 47 17.1 5.59
(A Zt)
— 30 —
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Table 6. Pearson’s correlation coefficient between development parameters of Panonychus citri and nutrient contents in citrus

leaves.
Variable N P K Ca Mg Na Fe Mn /n Cu
Develop— 0.1028 0.6824 0.4622 -0.1207 -0.5575 0.7572 -0.1182 0.2220 -0.5089 0.1365

ment (0.8464) (0.1353) (0.3560) (0.8198) (0.2504) (0.0813) (0.8235) (0.6725) (0.3026) (0.7966)

Fecun- -0.4074 -0.0409 -0.2186 0.0025 -0.4059 0.0445 -0.5777 -0.4164 -0.4402 -(0.5558
dity (0.4228) (0.9388) (0.6774) (0.9962) (0.4246) (0.9333) (0.2298) (0.4115) (0.3823) (0.2521)

The values in parenthesis indicate statistical probability.
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Fig. 8. Developmental rate curves of Panonychus citri, showing the relationship
between temperatures and development rates. A = Eggs, B = Larvae, C

= Protonymphs, and D = Deutonymphs.
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Table 7. Estimated parameter

values (£ SEM) for development models of Panonychus citri.

Parameter Egg Larva Protonymph Deutonymph
a 0.2263+0.01931 0.7222+0.04729 0.7382+0.0284 0.5862+0.028122
b 37.2674+3.19336 34.3895+3.02193 32.8975+1.51283 32.0328+1.38700
c 13.3820+£1.95755 11.6693+2.49551 10.4908+1.41012 9.3791+1.39111
R? 0.96 0.92 0.95 0.92
- 35 -
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9. Component models for oviposition model of Panonychus citrii A = Adult

longevity completion rate, B = Temperature-dependent total fecundity, C

Age-specific cumulative oviposition rate,

survival rate.
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Table 8. Estimated parameter values for adult longevity completion
rate(1/longevity), temperature-dependent total fecundity, age-specific oviposition

rate, and age-specific survival rate of Panonychus. citri.

Model Parameter Estimated SEM R
Adult develoment 5 0.0058 0.00174 0.1
(1/longevity) 3 92,8363 8.19534 '

a 42.3077 4.96578
Total
] b 21.9017 0.69451 0.86
fecundity
c 5.0806 0.76542
Agellflific p 0.7338 0.01674
o 0.89
oviposition rate n 1.9278 0.12768
Age-specific v 1.1242 0.01221
) 0.96
survival rate 5 -0.1240 0.00956
— 37 —
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Fig. 10. Comparison of matrix model-predicted outputs with actual data in early season in 2004. The vertical bars on

the figure indicate standard errors. A = Eggs, B = Total larvae, protonymphs and deutonymphs, and C =

Adults.
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Fig. 11. Comparison of matrix model-predicted output with actual data in mid to late season in 2004. The vertical

bars on the figure indicate standard errors. A = Eggs, B = Total larvae, protonymphs and deutonymphs, and

C = Adults.

@ jeju

_39_



-
1
-

1

2| &}
o OH

[}

=
L

Me, 1959, 1963). =

<

&

=

1ol o ®Wol EEIFTK(

23] ds 2 AR FAF

3
5ol A

e

i,

B
.U_H

=
o

HEs

-
1

31, Norizumi(1950)

e, 1959). Fukuda and Shinkji(1954)

=k

FApl A o] wg7)re 15T, 20T, 25C, 3

o Ale] WE7)7HS BW 20T, 22°C, 25C, 28T, 30T, 3
4119, 1559, 11.0Y, 9492 F}of A

o] #o}x th(Fukuda and Shinkaji, 1954;
o™ Yasada(1978, 1979)+= 25T, 1647+

2TCaA 21.9¢2

W

-
1

0Coll A

o

1644, A3k 137

&

-

1

ol A

, A7 133Y, AE7F 1454, #+ 1369, A7F 14149 oAtk v

1

P
T

-

1

o] FUTHA, 1998). 7|
ol 7k A

[}
=

ol A

o
20
!
ed

=K

of

Gl
o

!
¥

o<

el

oNA HE 7

}

~

of

Aol A

g2 vetso g

.
= 77

1=

=l

o

e

Tl
=

o
=

g

o

qEA S e g

1SN
=

o

Collection @ jeju



H.f ,mmc T W T T
O L
_ ey ~ _
S L 1
= p° T o e < H X %
= " o PHwIx 7L R
X — Mo LoxoS = T o T of W W W W
< 33 bR TS ﬂm R e Vo w W W NIk
5 pos BT =H -
~— wﬁ oF oF T ,Dc% o B ) o B B o} = W <# R m_,nmo
~ N T X ! ny H -~ 8 o ok — = <k Gl
_— VN B iy RO - = T w
= @ TN W ™ o L oM & * B T Lo <@
o = ®m oy o X o P T T g0 N I
i — ™ o< =) Ao T < e =H e 9o J| o AR
n E < .- 9 m oF o T O o Moo=
X — M_JIM B MM F HT_ I~ N ,.mJl ,_rlo.ﬁ O_E = ,ﬂo,ﬂ T EO JUE ,ﬂAII <°
ger T oy ® 87 S T oy o @@z%%%%
T Mo = Wa " =3 <A oL B ~ o X . wr I < S -
o Ik W B T = N o= Joo- B _ ﬂm s Moo 7
T < oAy B o gy T [ & il Bo i T o
s . o e — W0 >~ o = R = T FR
5 T B 3y w ~ B D S0 = = T o% T Nig
N o ny < o T < 2o or 9 xm
T o o I Gy W0 X k) w Ak T n T o5
o= w X o= M . W o o M3 e Eig
B TN, T »oa @ el L
yomoE w2 S 2 TR S W o o R
I ﬁiﬂ@@ S O R
b5 W e noof : ol —d 760 Aqr mx T e oo <" XA T
A~ A oy il el o e, = ol o R Mo RM W — o H
o A ) LA M- U _ i ~ w W w/i _ il
ﬂﬂl&gaﬂ ol W H oo e of o S
3 A A FF el w N T L - o T W W o !
— oo o I o = Nd - o~ Ng -~ do —
K oM oo = . 3 v < ¥ % oAp © oo 2
gy TR o . b @ N o ox X T oy N = X T
X = N I N i) N e % T T ~ & No & =y of w___m o) % %e 1@ o ol
of | o _ o ™ 70 il En N B ° JWE 3 g W = S ° mﬂ__ =
| ~ o _ T TG Y T — = Ao - - =
e h o o or & o I 7 I A )
WT o FEPE ¥ o/ <= T a0 M KBy, S M (s M ox v 2 o o Mu. N
e LT 2 o B n%g%lﬂr, bogow e molaﬁwri%oﬁ
) 9 G | et &) o5 H o I =0 X _— = =
- "X T w < oo T Yo B OO AR = do - n = _wm = T BT 5
%ﬂ7ﬂv,uu.m rh O_E%a%ﬂﬁgM%M ﬂ%%m%%mﬁa
IR PowoX = w o D o T X9 do X o A ~
B x4 Ik w D . B rh ~ =X - N
= » ) oo — = o Mo oy
BN N L Mo o A T W = = ° '~
S ™ ,_1t T &V.L ~
o A-E

AZF =50

of 4 o]

]

I
Lt

[e]

Ed gty
3l 9=
A= Aoew yEutH(3, 2006)

Collection @ jeju



2y He 2R

i

I

A=

171717

)

ki3

A o]

S

3l THKIm et al, 2003).

=15
=l

Sl A

L=

e

L= [e)
s H&

Al
2

2]

olo

-
s

doll A=

o 1 %

A}

A

% 7w of o}

CAMED 59 | we wus gel

ol

opelefl A A

F53 T}
W A 24l = 7F-& ((Intrinsic  rate of

)

- A]

el

ok

b e S I

o= o FEUL AETIS} A 7ol

=
=

natural increase) F-X|3te} ##o] z+Zk (0.1591, 0.1395%

EENT

-
X

S
T

AlrEzrel x| Zfo]l Z+ZF 0.1056, 0.1177= ~1 gk

& oelat BA5h

1

il

B
il
70

e}
=
HH

B

Tl

ol
M

& ARl A el A

X

w
o

S
o
To

0

|

S

E
==

718k 2ot A

=
[¢)

2 d1x7}

4

ﬁo
B

HA

taoh 1 A3 P, K, NaolA A(+)ZdaAE

63?5

o~
T

KeX
=

o

)

£

DEHEIGEDREE

=
R

oA ArA o}

102 AzbE ek

N

R84

& Z2& AAT FEH A

PERFP S o] &

2.

Collection @ jeju



70
NI

el

b o,

)

olo

2004 Al F=A]

Ar

—

304744 4

ok
=1

JFi

Z

33 7l

A

wK

=
=]

kE AT o

At

o

i)

e

B

—
fite)
B

o

el
&

N
o

o

—
fite)

o] &3t 30 U

KeN
S =

=Rk

B

sl

B$7b et 5 Qnk whebd 2 )

|

W ohe

el

N
X

ol

B

ofe] el

. =

™
N

Ay zr

A

235

p

o] 79l

Doy
(-
ol

SR

F71 918

)

2 ALE

o

)

of &

o
[e)

27} 5 o] of

° AR AAEFE

TR
juy
n
o|
oH
I
T
o
oF
el
Ar o
1 I

Collection @ jeju



8

Z]

%5,

AR ol sls ol 2t

-
1

=8 of (Panonychus citri Mcgregor)

o

o

f

I FHE =4

SR E

o
o

A,

IE15
=

ZF 8~13A

ge

CEE E RS

%

=K

3 ot

A, el q7E 24zt

S
=

P, o1 A o

443

el

9

7)zke A5, %

o}
=

43 o)A

}1\1,

=K

o] 1792 744 wspow,

HHl-
=

A1 3F7F 3967, @lEel

At

3|
~

B

/ﬂ,

Axk AETlelA 216, 2114 =

’ i
Bold, 3

7}

g

297N =

=i}
=

A 7HA

gl o] Z47F 01519, 0.1395% =okow, AmE7ket xzbo] zhzb 01056, 0.1177% =L

!

oA

of Zge F7]

o
%

wK

A

Collection @ jeju



el

tjo

pelet.

445

AR (2004) = -&-of

X

X

)
Y
eyl

0

o
T

S

B

7% iee] WliLs}

of

S7] =

Njo

XM

Ad 271 A=719 A

bol 309 wiele] ©r17k Bore E3opol

o] g3

o= 7|t e

%S

el

%

+

o

A

e o

Nlo

AT =

_45_

Collection @ jeju



Allen, J. C. 1976. A modified sine wave method for calculating day degrees. Environ.
Entomol. 5: 388-396.

Allen, J. C., Yang, Y. Y, and Knapp, J. L. 1995. Temperature effects on development
and fecundity of the citrus rust mite (Acari: Eriophydae). Environ. Entomol. 24:
996-1004.

Amold, C. Y. 1959. The determination and significance of the base temperature in a
linear heat unit system. proc. Amer. Soc. Hortic. Sci. 74: 430-435.
Bartlett, P. W. and A. W. A. Murray. 1986. Modeling adult survival in the

laboratory of diapause and non-diapause colorado beetle, Leptinotarsa decemlineata
(Coleoptera: Chrysomelidae) from Normandy, France. Ann. Appl. Biol. 108:
487-501.

Baskerville, G. L. and P. Emin. 1969. Rapid estimation of heat accumulation from
maximum and minimum temperatures. Ecology 50: 514-517.

Berry, J. S., T. O. Holtzer and J. M. Norman. 1991. Mitesim - a simulation model
for the banks grass mite (Acari: Tetranychidae) and the predatory mite,
Neoseiulus fallacis (Acari: Phytoseiidae) on maize: model development and
validation. Eco. Model. 53: 91-117.

Birley, M. 1977. The estimation of insect density and instar survivorship functions
from census data. J. Anim. Ecol. 46: 497-510.

Bommarco, R. 2001. Using matrix models to explore the influence of temperature on
population growth of arthropod pests. Agric. Forest. Entomol. 3: 275-283.

Caswell, H. 2001. Matrix population models. Sinauer Asscoiate, Sunderland.

Choi, D. S. 1997. Binomics and natural enemies of citrus red mite, Panonychus citri
(Acarina: Tetranychidae) on Yuzu (Citurs junos). M. S. thesis, Chonnam Nat'l
Univ. p. 31

Choi. D. S. 2002. Biology and utilization of Oligota kashmirica benefica Naomi
(Coleoptera: Staphhylinidae), a predator of the citrus red mite. ph. D. thesis,
Chonnam Nat'l Univ. p. 84.

Clements, A. N. and Paterson, G. D. 1981. The analysis of mortality and survival

Collection @ jeju



rates in wild populations of mosquitoes. J. Appl. Ecol. 18: 373-399.

Curry, G. L. and Feldman, R. M, 1987. Mathematical Foundations of Population
Dynamics. Mono. Ser. 3. Tex. Eng. Exp. Stn., College Station, TX.

Dover, M. J., B. A. Croft, S. M. Welch. and R. L. Trmmala. 1979. Biological control

of Panonychus ulmi (Acarina: Tetranychidae) by Amblyseius fallacis (Acarina:
Phytoseiidae) on apples: a prey-predator model. Environ. Entomol. &8 282-292.

Eyring, H. 1935. The activated complex in chemical reactions. J. Chem. Phys. 3:
107-115.

Flint, M. L. 1991. Integrated pest management for citrus (University of California,
Division of Agriculture and Natural Resources, no 3303). UC Regents. 2nd ed.
Fukuda, J. and N. Shinkaji. 1954. Experimental studies on the influence of
temperature and relative humidity up on the development of the Citrus red mite.
1. On the influence of temperature and relative humidity upon the development of

the egg. Bull. Hort. Stn. Tokai-kinki Agric. Exp. stn. 2: 160-171.

Gotoh, T., Y. Ishikawa and Y. Kitashima. 2003. Life-history traits of the six
Panonychus species from Japan (Acari: Tetranychidae). Exp. Appl. Acarol. 29:
241-252.

Hilbert, D. W. and J. A. Logan. 1983. Empirical model of nymphal development for
migratory grasshopper, Meldnoplus sanguinipes (Orthoptera: Acrididae). Environ.

Entomol. 12¢ 1-5.

Kasap 1. 2009. The biology and fecundity of the citrus red mite Panonychus citri
(McGREGOR) (Acari: Tetranychidae) at different temperatures under laboratory
conditions. Turk Agric For 33: 593-600.

Jandel Scientific. 1996. TableCurve 2D. Automated curve fitting and equation
discovery: version 4.0. Jandel Scientific, San Rafael, CA.

Kim, D. S. and J. H. Lee. 2003a. Oviposition model of overwintered adult
Tetranychus urticae(Acari: Tetranychidae) and mite phenology on the ground
cover in apple orchards. Exp. Appl. Acarol. 31: 191-209.

Kim, D. S. and J. H. Lee. 2003b. Oviposition model of Carposina sasakii
(Lepidoptera: Carposinidae). Eco. Model. 162: 145-153.

Kim. D. H. 1997. Studies on Ecology of Panonychus citri (McGregor) in Cheju
1sland. 38pp. M. S. thesis. Cheju Nat’l Univ.

Kim, D. H, H M. Kwon. and K. S. Kim. 2000. Current status of the oucurrence of

_47_

Collection @ jeju



the insect pests in the citrus orchard in cheju island. Korean ]J. Appl. Entomol.
39: 267-274.

Kim, K .S, and D. S. Choi. 2000. Natural enemies of citrus red mite, Panonychus
citri, and seasonal occurrence of major predators on Yuzu tree. Korean J. Appl
Entomol. 39: 13-19.

Kim, D. H, Kim, K. S, Hyun, J. W. and Lim, H. C. 2003. Release Level of
Amblyseius citri Garman (Acarina: Phytoseiidae) for Biolofical Control of
Panonychus citri McGregor (Acari: Tetranychidae) on Citrus. Korean J. appl
Entomol. 42: 233-240

Lefkovitch L. P. 1965. The study of population growth in organisms grouped by

stages. Biometrics 21: 1 - 18.

Logan, J. A., D. J. Wollkind, S. C. Hoyt. and L. K. Tanigoshi. 1976. An analytic
model for description of temperature dependent rate phenomena in arthropods.
Environ. Entomol. 5 1133-1140.

Madden, L .V., Nault, L. R. Heady, S. E. and Styer, W. E. 1986. Effect of

temperature on the population dynamics of three Dalbulus leafhopper species. Ann.
Appl. Biol. 108: 475-485.
McMurtry, J. A. 1985. Citrus. In W. Helle and W. Sabelis [eds.], Spider mites: their

biology, natural enemies and control, vol. 1B. Elsevier, p. 339-347. Amsterdam.
Norizumi, S. 1962. Studies on seasonal fluctuation of Citrus red mite. Tokai-kini
National Agricultural Experiment Station. Horticulture 5: 143-166.
Pruess, K. P. 1983. Day-degree methods for pest management. Environ. Entomol. 12:
613-619.

Readshaw, J. L. and Van Gerwen, A. C. M. 1983. Age-specific survival, fecundity
and fertility of the adult blowfly in relation to crowding, protein food and
population cycles. J. Anim. Ecol, 52: 879-837.

Richards, F. J., 1999. A flexible growth function for empirical use, ]J. Exp. Bot. 10:
290-300.

SAS Institute 1999. SAS OnlineDoc®, Version 8, SAS Institute Inc. Cary, NC

Saunt, J. 2000. An illustrated guide: Citrus varieties of the world. Sinclair
International Limited, Norwich, English. P. 48-147.

Shaffer, P. L., Gold, H. J. 1985. A simulation model of population dynamics of the

_48_

Collection @ jeju



codling moth, Cydia pomonella. Ecol. Model. 30, 247-274.
Song J. H. 2003. Development of Optimum Sampling Plan of Citrus Red Mite Baced
on Its Spatial Distribution in Juju Citrus Groves. thesis. Cheju Nat’l Univ.
Takafuji. A. 1983. Diapause attributes and seasonal occurrences of two populations
of the citrus red mite, Panonychus citri (McGREGOR) on pear (Acarina:

Tetranychidae). Entomological Laboratory, College of Agriculture, Kyoto

University, Kyoto 606, Japan.

Taylor, F. 1981. Ecology and evolution of physiological time in insects. Am. Nat.
117: 1-23.

Yasuda, M. 1978. Reproduction and factors influencing dispersal of the cirtus red
mite, Panonychus citri (McGREGOR) under laboratory conditions. Appl. Ent. Zool.
22 12-17.

Yasuda, M. 1979. Ecological studies on the reproduction and dispersal of the citrus
red mite, Panonychus citri (McGREGOR). Appl. Ent. Zool. 14: 310-318.

Yasuda, M. 1982. Influence of temperature on some of the life cycle parameters of

the Citrus Red Mite, Panonychus citri (McGREGOR) (Acari: Tetranychidae). Jap.
J. Appl. Ent. Zool. 26: 52-57.

AHE, 1979, 7 WalFol B AT AT ARG AT AL 230-239,
U ~

2005. ) e B oofAl A FEdelM 244 Sl o7 #8o) 2

Al vl Al e etal oA s G A St AL 210 21-27.

AE3k 1997. AT F2ofe 2 Ao #IAF AFdstn Yo sty A Apse
=i,
Ass, =54, Ay, A3, 1999. A=E=uvF 3y Z-$-ol(Panonychus  citri

2
Mcgregor) ¥¥H] 2] A-dH Wy 33825534, p. 76

AEF, 04, 199, Foohe] HAAE 2 WA AT, ARATRIA, AFEA
4%,

HEg, 2006, A AEd Eoohel e WAE A A Lol oo AEA 5

[-40
o
2
Ho
)
(@)
—_
()
B
N
o
o
Y
o
=2
2,
N
N,
(i
Y
oo
=
o
lo
i
=
2
=2

_49_

Collection @ jeju



U@ 254 AR 0104% #8825
T8 2l

AFERAA T 57437} 2010

&

B
i)
al
)
]|
™
Ho

Aol Fg&e AL, 2l TS5 B A 4k

= 3=&8253H3] A, p. 193-198.

102
&,
:OL_‘/
ox

H Y= 2006. #Sofe] A AE].  httpy/www.wjatc.go.kr/cd/main/FQd 7 =4 B E
/data/Z}5=/- A/ 8l 5/ 2 5 <l 2] %620 A A El htm (200613 12€9).
ek, =L, A, 1993, =57 HrimgE. 4ok 251-255.

%

[EHEfE. 1959, S AVAK =@EIC RIETREE M2 1. B tUBo@EEEICIT
TR o2 RUETR EAH. 5 129-142.

[BHEfEA. 1963, 2 A > X =AW D v T, EEGEGMR 10 192~05.

[EARpEA WA, SR B, B ER- 1984. 2 A 2 N X = 0 F S I EERETR I B A B

i

Fe. I AR A= MMEFME o HIERIC X A ESOME. B AW ER S
14-19.

_50_

Collection @ jeju



AL 2

bel el

1

;OH
X7

X

el
ojn

1 A3l ol

[e]
2
fins

3}
<1

HA 2de]

uh

o] AAbEFUTh,

4o

o

o

Nr
il

F e =gy, aga

g

A

4o
o

i

oy
Ho

IR

9]

2

ol
G

B

al7

—

o

p—

0

—

o

il

ToR
il

3
el

T

NB

—

e
ol

-—

il

Tor

o

=3

olsA AAEA FAEHUY. aEx

o

p—

i+

—_

)

—
fite)

ofr
o

X
il

al7

a9
s

TR
el
T D
N
4 B

mnAO
E T
N <
o olo
up N
T o
®
T
o)
G N
amo

€
AL A

~)
=
A UE = am A,

<
3

2

s,
A4

3

4

L.OT_

N
N~
i

o
o

‘._AJV-O

o)

)

R

™
)

)

o

o

7h vl Nz 9E w7

%

gl

Fup, el Al AL

o
LA

3271 5715 FA v,

=
=

eAHsobe] HEAbE

o}

fvze)

B
™

p—

0
o

NR

&

e

%o

e
00

o
£

o

o

Tor

Ho
=

Tor

i

N3

o
L

o

e

)A

p—

\
o

B

p—

0

)

+

N

S

_51_

Collection @ jeju



UN
@&}%’———— }711 tﬂﬂ ,V

_52_

)Collection @ jeju



	List of Tables ⅲ
	List of Figures ⅳ
	ABSTRACT
	Ⅰ. 서         론
	Ⅱ. 연 구 사
	Ⅲ. 재료 및 방법
	1. 감귤 종별 귤응애 발육 및 생명표 통계량
	1-1 귤응애 발육 및 산란실험
	1-2 감귤 종별 생명표 통계량 추정
	1-3 감귤 포장에서 감귤 종별 개체군 발생밀도 조사
	1-4 감귤 종별 잎의 무기성분 함량 분석

	2. 행렬모형을 이용한 귤응애 개체군 동태 예측
	2-1 귤응애 온도발육관련 매개변수 추정
	2-2 개체군 밀도증가 추정 행렬모형 작성


	Ⅳ. 결       과
	1. 감귤 종별 귤응애 발육 및 생명표 통계량
	1-1 귤응애 발육 및 산란실험
	1-2 감귤 종별 생명표 통계량 추정
	1-3 감귤포장에서 감귤 종별 귤응애 발생밀도 조사
	1-4 감귤 잎의 무기성분 함량과 귤응애 발육과의 관계분석

	2. 행렬모형을 이용한 귤응애 개체군 동태 예측
	2-1 귤응애 온도발육관련 매개변수 추정
	2-2 개체군 밀도증가 추정 행렬모형 작성 및 포장적합


	Ⅳ. 고       찰
	1. 감귤 종별 귤응애 발육 및 생명표 통계량
	2. 행렬모형을 이용한 귤응애 개체군 동태 예측

	Ⅴ. 적       요
	Ⅵ. 인 용 문 헌


