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Summary

In order to obtain basic information necessary for the establishment of the
integrated pest manegement, the population fluctuations of citrus red mite and its
natural enemies and the percent distribution of the citrus red mite by the region
in satsuma mandarin canopy were observed. The effect of temperature on the
developmental periods of the citrus red mite was also investigated.

The results obtained are summarized as follows :

1. The population fluctuation of the citrus red mite in 1996 showed the 1st peak
in mid July, and the 2nd peak higher than the 1lst in mid October. In 1997, 3
peaks with low density appeared in early and mid April, early June, and early

August.

2. Among the developmental stages, egg showed the highest density ratio with
great difference especially in winter which decreased with increasing temperature

in spring, while adult the least all the year.

3. Natural enemies of 6 species belonged to 4 families of 4 orders(Agistemus
terminalis, Oligota yasumatsui, Coccinella septempunctata, Stethorus punctillum,
Chrysopa spp., Orius sauteri) were found in satsuma mandarin groves.
Population fluctuation of O. yasumatsui(most frequently observed) and A

terminalis showed the same features as those of the citrus red mite.



4. Among the regions by height of canopy, the highest ratio of the citrus red
mite population was observed in the middle by the average of the whole vear
and in _spring(40%) and winter(41%), while in the lower region in summer(41%)
and autumn(45%).

The higher density of the citrus red mite was observed in the internal region of
canopy in spring and winter, while in the external in summer and autumn.
Among the directions of canopy, the highest density of the citrus red mite was
found in the southern region in March(42%), in the western in May, in the

northern in July(26%), and in the eastern in Sept.(28%).

5. The ratios of density in the old leaf and new leaf were observed to be 32 :
68 in egg, 33 : 67 in larva+tnymph, 40 : 60 in adult, and 35 : 65 by the average

with higher density in the new leaf.

6. The 95% of eggs of the citrus red mite occured on the underside of the leaf
in Jan. to March, and on the upperside in June to Aug..' The more adults were
observed in the underside in March and April and in the upperside in July and

August.

7. Distribution of adults by the leaf surface was not significantly correlated to

the directional regions of canopy.

8. Days of developmental period of egg were 11.2 at 21C and 4.9 at 30°C, those
larva 34 and 1.6, and those of nymph 66 and 2.9, indicating less dayvs with
increasing temperature. Developmental speeds of individuals were more variable

at lower temperature.



9. The range of developmental threshold temperature were calculated to be 9.88
~13.33T. Effective degree days were 102.54 for egg, 29.87 for larva, 27.82 for

protonvmph, 28.08 for deutonymph and 188.71 from egg to adult.

10. Sex ratio of citrus red mite (female : male) showed 2 : 1 in both laboratory

and field.
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F8oh Al RAY Y57] ol o]FoHo} 3 YAZFE Fo xHyY A
g Foln AF ARG AAY HLE AU F de HAZIe ALo] T
o 2y 2gohe] A SN s A Ehitel TuE £ o] {LEmA
piptez BAZ,E Eole AL 9T Ao AFEY. 1822 (LBH Pk
gt gEo] KEE 8% £ Bk, 28ln F&ohe] 4 T2 uA T RIFW
kg Sol E¥d FTHAQ BAZIE Mol A3 27=n At 2y FLH
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AFZdA #ES Zhlste £82S 1978d0 42F0] B3g o=;H(P 5, 1978)
19969 = 55F 0] Hn HAYow(AH A, 1996), 2F FLol(Panonychus citri
McGregor), ZHWUFIRE(Aphis citricola van der Goot), = 3831% 2 (Aphis
gossypii Glover), % Xx%% A\¥ #|(Frankliniella occidentalis Pergande), & Zubut
(Phyllocnistis citrella Stainton), ©]A|2]o}zt2 2 #ll(Icerya purchasi Maskell)S 0] *
EEZ@oltt 53 2ol 97 8~13MERE AoAsui(Z, 1978) i A% A4
NAM Ritst7) WEo E22E AAANA ALEH PAE FAANDD FHEE
o\t BiBFEL T& AU} FAL FAo] AHuE FEAI} s YA
ol H71= ¥ (EM, 1972). 22 HHUIB)E 4F Foh 42 1077t 14
I mESE AEHEC EEESY 60%ol4ol HEZ BE FAEES 92 057
2]z #fopictn st

B3N AfEst Ade @ BEEME disto AEF} HHE1965), &H(1966), H

#(1959) 52 A HGolyt o whe} zjolrt oy} UutH oz 7 88U B4 BBRYS
BAF IAHoz wAe] A AU 1IERH ARAdste F A g3 g e
We Az 8~ 14iERE AFHdda ot B JEH(TYSE-884)e] LAy
A9t 1€ ¥ 2AVIE F3of BES 7] adu MNABAFTOR HAF v
A EE, 1962).
HFE MBEAAM F&No ALY dhal  S(1978)2 EBFREANA 7~8
ol 1239 935 BYn PBREANE 7-8¥7 9~11¥ 239 935 BYcin
Rod, (1979 5YFEHH 684w 139 & LAAAE Qo 9¥Ee
HH 10¥8cHdd da #E 23 {32 E 2Adn s ARl o i g
A3E 29



Z3olEe HRlegg), %hf(larva), %1% & (protonymph), 2% #% (deutonymph), 5%
(adult) 2.2 LF3dx 2 BEHRE  Aloldl:  protochrysalis, deutochrysalis,
teleiochrysaliseta & #E#7 dow, FEHMAE FXiEme FEdd 2o
AoWM FHES W] Al MZE FEFo] AAHYU(IET Hig, 199%6). 2181
TAL dRET WA s ool Aoz VYWY WA MES S
(teleiochrysalis)®] &R 7t7hole] 4R &FAT7 2t 298 dAY 2T woE v}
(Crocker, 1985).

TAE B shisiA 2 $A2E @AzAd dE (kiRo)gl: FHE Hess
dl (IR S AAste addle KAY BE, SEEMS Sol AN(HE 198]1), Y&
A5 o, Hool FAAM AAsE Bt FHEAFOY L3R YRAe &
i B FAAFA & cHOsakabe, 1987). 28] Yo] FuHZElx ohdAl= &9
M ATIE 7E 8 F ded KRS Mo) oJFx 2|7t A 25T(YF 164]
el A 109 ol el #3tatx] kow (hiRFFC. 2 W ohath(Fujimoto 5, 1986).

2 BHBWES KRS 4 663%, £ 224%, s 113%2 g9 ugo] 71y =
St B HE A FdlE g wgo] Ye Ao dAANY F, 1978).
H(1963)= F&oHe HHoz 16%F°] ALS EBIRddAR 2%F  Stethorus
vapanicus % Oligota Feavicornis= &% #HES [F9) #EBio) A3, Amblyseius
largoensis= ) MR A% ot a2 Sofo) Kiols WAl 2R/ B
o™ 1% Stethorus japonicus?t $°H9) KXoz 714 #F&sox Q.

A SUIBE AFE #Hif LA EHL F 09202 T B & 3
BEQQ 2SN, 23, FuAXdeo] @ 29F 9 KM ZA Husgsy)
1F ALk dM(Oligota yasumatsui), F2 R85, EXeF $9 FHEE =
X3, FEHY) Koz e AL, R BolF, NELAHF, stSSof,
BtEEN 5 F 105 22d v Qod, H# o} m(1983)e] o FLohe) M
Q) ot 3N (Agistemus terminalis)®) —HHF FLof AR 15T, 20C, 25T,
30CAA z+zt 1, 24, 6.1, 34 vty om 20THME Fgoh9 BAREmEL A9
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HlR3he] BAES HAKS Ko 50|40 HAKS KEANS o FLo) UL
T 9% 347t oz @Y a Atk Osakabe S(1987)& o]a) S ofEt o)
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E3ol AR BEBRY HEEH dsty PFEEN HEQ o)sdo %
AVRE A o]l Ye AgolE HEE v RoE
ol SANA BBy Sx7t Aol wel do YoM EEHE] Eol AL}
A3 MERSES) BERIFHS AFHEEA J8M Wden £5

FelM s BERS HBde FFLE WAL 8~9TYH 46~47Coln, €5 3
A= AdE Fehe We AL HEstd, 2 AFE =3 0T oM o
A3 AHEE, 1959, 1961).

ol HEMES] tEiE oF 212 AR LAV} £ WAER gou Hi=
o] H(Wrensch ¢ Young, 1983), #8°H9] %M (Wrensch® Young, 1978) 18]
if & (Hazan, 1973)9 we} dabzich, =3 & AMERE 922 03 RO
Y4 ET Fol F9Ho] ofF folE oo AL gL £HL Wi

o Azde AR FA Adstd ol AXY Fgol A7) wRolg

4
e
22

FOJE 909%0] 4ol

1 " &x o

(Wrensch, 1985).
=7 BEEHA vAE S EAst ST dE A= ol <835 e
T AR e 23RS 38 olFoH o (Pruess, 1983 ; Curry$} Feldman,
1987), =9 BHEHESLS BAE FHoe motste] BEEBBES 7l tha
EHIHEESG dAeEe) HolE BHEPMA T T3 HNFHEES T4
Eamgel 44N7IE 458 & AthHAmold, 1959 ; Baskerville S, 1969 ; Allen,
1976).
TFARY FE&ohE W~m@7A9 BELHM] 20T, 22T, 25T, 28°C, 30T, 32
CoAlM zhz} 2199, 1819, 1459, 1179, 103, 9142 &5/} old42 #H
HRle] HotNnGEE I HEE, 1954 ; ®E, 1959), +AUTE 7talsls FSohe] A
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Fig. 1. Precipitation(above), and population fluctuation(lower) of P. citri and their

natural enemies (O. yasumatsui + A. terminalis) in citrus orchard(1996).
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Fig. 2. Precipitation{(above), and population fluctuation(lower) of P. citri and their

natural enemies (O. yasumatsui + A. terminalis) in citrus orchard(1997).
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(2) 5 BEERED BT

1996978 '97dell AA Ade w2 F&ol FEAEHN YT A FI(HE], 2)
6 97d BF 4o vl go] bt gon g & - ERW RAS) ol B
3 227 ¥E ALHA &9 " Eo] FA whon, 2EI 2L B, 95, 7He
T 29 v go] AL & ERA HAY &L Fold

el v & ‘96, '97d ALl 4 867, 848%E J1F ERow, JgEH s =
F2 v &g BAY 2R - ERLS 96dE 7H-o] 193%2 %oy ¥ 23
o AL AN, 97dAE AFo] 4H65%2 M =T AFE ‘BddE dEo]
149%2 MY Fkou 7Fe#e FoHL AT, 97dolE A8 121%2 oy

&, 98, 7HEdd 94L& AU

Table 1. Seasonal changes in the density of each developmental stages of P.

citri(1996)
No. of individuals / 900 leaves
Season Total
Egg Larva + Nymph Adult
Winter 13,705 1,544 553 15,802
(86.7)a” (98)b (35)b (100)
Spring 8.292 1,811 610 10,713
(77,4)b (169)a (5.7 (100)
Summer 3,802 1,092 858 5,752
(66.1)c (19.0)a (149)b (100}
Autumn 15,013 4,194 2,539 21,746
(69.0)c (19.3)a (11.7b (100)

Numbers in parenthesis are percentages.
? Means in same column followed by the same letter are not significantly
different (P> 0.05) by Duncan’s multiple range test.
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ol g3 ol Fdolo BEAMA T4l U it Wi £O2 yHRo] Lo TAw
b EE AR, =Y AL e FAUNE dehlol B ulE g 29
TANTE gt & §(1978)8 A A9 dAEg

Table 2. Seasonal changes in the density of each developmental stages of P.

atri(1997)
No. of individuals / 900 leaves
Season Total
Egg Larva + Nymph Adult
Winter 33,998 3,400 2,713 40,111
(84.8)a” (85)c (6.7)b (100
Spring 13802 6,126 2073 22,001
(62.7)b (27.8)b (9.5)ab (100)
Summer 5,017 5383 1,423 11,823
(42.4)c (45.5)a (12.1)a (100)
Autumn 5,460 3,589 722 9,771
(55.9)c (36.7)ab (7.4)ab (100)

Numbers in parenthesis are percentages.
? Means in same column followed by the same letter are not significantly
different (P> 0.05) by Duncan’s multiple range test.

Q) Xl ¥ % BEHER

FEY B &S KEge A FAIE 3), $oHB utSLolfld &=
Agisternus terminalis Quayle, BAH e B AYubd N (Oligota yasumatsui Kistner)9b 34 Fc
Hel(Coccinella septempunctata L.) 32o}5-3 8 | (Stethirus punctillum Weise), 232121 g9 =
22 F(Chrysopa spp.), =l W B2 o} LA (Orius sauteri Poppius)S 6fEo] w75 o]
H(1963)7F R gt 1688, 7] 5(1978)0] Ba & 10HTH: Y X 2w w
AFE AGuEAZE 7 BRR, 9L vESol, ANTI U, ERAY o

mepRgdg e ofReAdpe] HAL we nnFd AL 2dn Agudag
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tESolE F2 E3ME ETHSFAT 299 HAL FFof B g 2FE X
Hats 57 871 AT ALwEAG vtE &Rt 3N AWy Bkl 2o
+8% Aoz gAY

o

Table 3. A list of predator species of P. citri during citrus growing season

Order and e Frequency of
r . Scientific name Korean name equency 3

Family occurrence
Acarina

Stigmaeidae  Agistemus terminalis Quayle 2SR F +++
Coleoptera

Staphylinidae  Oligota yasumatsui Kistner A gutg 7| b

Coccinellidae  Coccinella septempunctata L. A3 5484 +

Stethorus punctillum Weise ol o g -

Neuroptera

Chrysopidae ~ Chrysopa spp. 32 F ++
Hemiptera

Anthocoridae  Orius sauteri Poppius fE A -

2)

-, very light ; + light ; ++, medium; +++, severe ; ++++ very severe.

aY 32 F3HY EBREA ALt N vtESole BAMBROSZ F & 2 F
SR on ALRtdie 49F5cd & 92 E 23 643+ 8¥NT
G4 2 93§ 292, vEdls 2 AFS HPdoy Adutdiiel vl @
AFol da AU oldd Ane LAY LTI A 49F ¢, 6¥F S, 8
T A A9 Ko wES F80y AxZT ol g AREA vss
Aok oAU EY HALENY HIBAE Yol A (Y 4), HP(1963)7F B
o A vl A2 FEohe A HAY AxoE nE EY Mol AA
Aot

!-

[¢)
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Fig. 3. Population fluctuation of major natural enemies (O. vasumatsui and

A. terminalis) of P. citri.
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Fig. 4. Regression of the density of natural enemies(O yasumnatsui + A.

terminalis) on that of P. citri.
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Fig. 5. Seasonal changes in percent distribution of P, citri adult by the relative
height({J, upper: £2, middle; M, lower) of canopy in Satsuma mandarin tree.

_21_



a8 62 #WEAANMY F&of 439 AdY Lxusts A Aoz Y 9
Fo BEHRO] £olE 60 40, 52 41 : 59, 7122 32: 68 ALL 63: 372 g
AT BEE WETE 49%, ARUE 51%2 2lHe] MAn|go] 7 B AYL Mo

W2 Abele BolA] dgkth 2X7t Re ALH HoE: T2 URdM Mol g8
L 2E7 %& AEH sHolE 29 wdie] A% Yeon SY4 #4248 AH

I HEASNANANY FEol Ao FUrHE AloloiE B = Aoz Yeltod
(=26.98").

BEAERCE, A, & 8) 284 439 A8 2xuss zA8 A4y 7)., U
2 7l&o] ¢ 3 5¥8elE Ho] Wo| ot WEH NZ w4 EEEE £
HERG 9 793 99l BE 9o MARE b go] ZolXE AFL nyoy =
BRARAY Ad gl FSoh 43 PEngol FIHL A" gt o

#FHozr YAl BE FRAA 9 BESt ¥ AT v

100

8
T

3
T

&
T

Percent distribution

3
|

Spring

Fig. 6. Seasonal changes in percent distribution of P. citri adult by the depth([],

outside: U2, inside) of canopy in Satsuma mandarin tree.
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Fig. 7. Seasonal changes in percent distribution of P. citri adult by the direction(E,

March May

east ; U4, west ; [, south ; B8, north) of canopy in Satsuma mandarin tree.
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Table 4. Density of each developmental stages of P. aitri as affected by leaf age
in Satsuma mandarin tree

Density ratio (new : old)

Leaf age” Total
Egg Larva+Nymph”' Adult
7,765 7,090 1671 16,526
New -
(68.0) (67.1) (59.8) (66.7)
old 3,658 3,477 1,122 8,257
(32.0) (32.9) (40.2) (33.3)
Difference 4,107” 3613 549™ 8.269"
Numbers in parenthesis are precentages. “Significant at 1% level

2 New, grown in current vear; Old, grown in previous vear.
" Protonymph + Deutonymph.

Percent distribution

Jan. Feb. Mar. Apr. May Jun. Ju. Aug. Sep. Od. Nov. Ave
Month

Fig. 8. Seasonal changes in percent distribution of P. citri egg by leaf surface((],

upperside; B underside) in Satsuma mandarin.
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Fig. 9. Diurnal Changes in percent distribution of P. citri adult by leaf surface (2,
underside; [, upperside; —*-, Temperature) in Satsuna mandarin tree(1997).
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Fig. 10. Regression of the percent distribution of P. citri at the upper leaf surface on

the air temperature in Satsuma mandarin tree.
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Fig. 11. Changes in percent distribution of P. citri adult by leaf surface( [,
upperside; ¥, underside) in the different directions of canopy in Satsuma

mandarin tree(1997).
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7V BER 2 AR

#&ohe 2 el BEMMLS 21CHE 33074 3CqHo R 55204 AJPs 2
#= & 5ol Uehlth ZE 280AdA L7t 242 w800 Bolxs A
FETEACH, d~AFNA F BEMHME 21, 24, 27, 30, BTAN 2z} 207,
142, 110, 91, 914t} o= i&8H 519547 HIE(1959)7} H.1 3 Aot fA
itk o) WEIIRL LEME FRY Ao)S B X wa & v E5 717k
S5l d%e A viHow P@n EHVIDE 2AT~UCAMNE exALd ma
HE7I%E dFo] FRHR oY oM E d o7 AT o] Ao B
A HAIZE Apels neHTE HeoAM O Wolrl A=y o= H(1995), #
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nt)

Table 5. Developmental period(days) of P. citri under different temperatures

Temp. Egg Larva Protonymph Deutonymph Total *
() mean > SD mean *SD mean=SD mean*SD mean £ SD
21 112+059°  34+056a 2.8%0.38a 3.8%0.33a 20.7%1.35a
(76) (43) (35) (32) (32)
24 7.7£0.49 2.2%0.34b 2.1%0.35b 2.5%0.48b 14.2+1.24b
(77 (39) (36) (28) (28)
27 59+0.39% 1.9%0.26¢ 1.4£0.35c 2.2%20.44c 11.0£1.60c
(69) (37) (36) (32) (32)
30 49+0.33d 1.6+0.26d 1.4£0.24c 1.510.25d 9.1x0.60d
(67) (40) (31 (23) (25)
33 5.0%0.33d 1.4x0.27d 1.3£0.28¢ 1.5%0.30d 9.1%0.70d
(76) (35) (29) (26) (26)

Numbers in parenthesis are sample size.

? Total : egg ~ adult.

¥ Means in the same column followed by the same letter are not
significantly different(P>0.05) by Duncan’s multiple range test.



E 62 230 B LXET) 2xo UF HAHAHMHAOZNE ol BHE
HEES} HRARERES YR Aol BEREEES Uo) 1090T, 4haao] 11.46
C, A1EMo] 9.83C, A2EfMo] 1333C, ¥~A37HA = 1131C2 AL/ oS
FALEI JHE o, AlFEHC) MR 2A YeEdt a2l HHRERES
&ol 102540, #F3°] 2087HE, AlkZFol 27.820 %, A2%3o] 2808HFK, U~
AS7HA e 18TIHERZ ¢ FRAAMLES 53] B4 e gsd o: BERE
BE7} 801C, AHRERE7F 11627AE AT 8l $(1954)9) A A} Zajo
E 2T ol @ Ao)HE AYANY 22 HIlgE UP AN TAARY &
HHQ Aolo 7] ZAJAE Foll B} AU HEY Wrt Y Ao HQ

=3

Table 6. Developmental threshold temperature(DT) and effective degree days(DD) of

each stage of P. citri

Stage Regression equation” r DT DD
Egg Y=0.0099X-0.108 0.958 10.91 102.54
Larva Y=0.0337X-0.3862 0991 11.46 29.87
Protonymph Y=0.0354X-0.3498 0.936 9.88 27182
Deutonymph Y=0.0358X-0.4771 0.967 13.33 28.08
Egg to female Y=0.0054X-0.0611 0976 1131 188.31

7Y is the velocity of development expressed in terms of the reciprocal of days

of developmental periods; X is temperature(C).
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24, 27, 30, 33Cl X 247} 688 : 31.2, 67.9 : 321, 656 : 344, 64.0 : 360, 654 : 346

2z A AQed, XA 23 L5t 2SR Au)g) nA= G g Ao
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Table 7. Sex ratio of P. citri under different temperatures in laboratory

Temp.(T) Female Male Total

21 92 10 32
(68.8) (31.2) (100)

24 19 9 28
(67.9) (32.1) (100)

27 21 11 32
(65.6) (34.4) (100)

30 16 9 25
(64.0) (36.0) (100)

33 17 9 2%
(65.4) (346) (100)

% 48 143
Total (66.4) (33.6) (100)

Numbers in parenthesis are percentage.

# 82 E 79 AUAY A vwEr] Yl A A FLo) MHE 434 A
A zAMRE AT i) v &o] 732 : 268 60.0 : 400, 686 : 314, 696 : 3042
Bl ZARAI 7)o whel 2gohe) AulE "o (x=5727") AA HFo| 679 : 321
2 AWAEE A 663 : 3379 A9 UxEt FLo) MRS HHEE F 2 1RE
QAo Z AdHAeH o= I 5(1978)9) 2AAAYE IXsn Y},
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Table 8. Sex ratio of P. citri in Satsuma mandarin tree

Month Female Male Total

22-Aug. 327 120 447
(732) (26.8) (100)
8-Sep. 1327 913 2,240
(60.0) (40.0) (100)

30-Sep. 590 270 860
(68.6) (31.4) (100)

6-Oct. 564 246 810
(69.6) (30.4) (100)

M 2,808 1,549 143
ean (67.9) (32.1) (100)

Numbers in parenthesis are percentage.
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