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SUMMARY
(FELGE)

The purpose of this project is to study spider mite management in apple
orchards by developing the mass production syvstem of Neoseiulus californicus.
The developmental time and survival of immature stages of N. californicus were
studied at nine constant temperatures (12, 16, 24, 24, 28, 32, 36, 38 and 40°C),
60-70% RH, and a photoperiod of 16:8 (L:D) h. The total mortality of immature
N. californicus was lowest at 24°C (4.5%) and highest at 38°C (15.2%). The
total developmental time decreased with increasing temperature between 12
(18.38 days) and 32°C (2.98 days), and increased beyond 32°C. The relationship
between the developmental rate and temperature was fitted by five nonlinear
developmental rate models (Logan 6, Lactin 1, 2 and Briere 1, 2). The nonlinear
shape of temperature development was best described by the Lactin 1 model
(r*=0.98). The developmental variation of each stage was well described by the
three—parameter Weibull distribution model (r*=0.91~0.93). The
temperature-dependent developmental models of N. californicus developed in this
project could be used to determine optimal temperature conditions for its mass
rearing, to predict its seasonal population dynamics in fruit tree orchards or
greenhouse crops, or to develop a population dynamics model of N. californicus.
The longevity and fecundity of adult female N. californicus were investigated at
different temperatures (16, 20, 24, 28, 32 and 36°C) and the oviposition model of
gravid female was developed in this project. The longevity and fecundity of
gravid female were significantly influenced by temperature. The longevity period
decreased exponentially as temperature increased. The longevity was longest at
16 °C (46.7£5.25) while it was shortest at 36°C (12.8+0.75). The oviposition
period was from 42.1 to 68.1 % of adult longevity at tested temperature. At
24°C, gravid female laid 43.8+3.23 eggs for 23.9 days of oviposition period. Total
fecundity per female was lowest at 36 °C (15.9z1.50). The oviposition model
was constructed by three main components as temperature-dependent total
fecundity, age-specific oviposition rate and age-specific survival rate. The adult
development rates (1/mean longevity) was described by Lactin-1 model (+°=0.95).
The temperature-dependent total fecundity per female was presented by a
quadratic equation. The age-specific cumulative oviposition rate was calculated
by three-parameter Weibull function (r*=0.96). The age-specific survival rate
was described by a sigmoid equation (*=0.85).

The effective biological control of N. californicus to T. urticae was tested by



releasing position and releasing density of N. californicus in apple branch. The
mortile stages of N. claifornicus and T. urticae were investigated once per day.
The extinction time of T. urticae was different among treatments. The most
effective ratio and releasing position for controlling 7. urticae were 1:5 (N
californicus . T. urticae) and top position of apple branch. This results will be
used to decide optimal economic injury level for controlling 7. urticae in apple
orchard.

The number of T. urticae consumed by N. californicus was different depending
on the initial density of 7. urticae and the surface type of leaves. N. californicus
consumed more eggs of T. urticae than did Amblyseius womersleyi.

Overwintering habitat: So far N. californicus is only naturally distributed in
Jeju, Korea in association with citrus. In citrus orchard, N. californicus
overwintered on the leaves of rosetta-form weeds and many immature stages
were found in late winter implying that they would not in reproductive diapause
by only females. The Jeju population of N. californicus did not show any
diapause induction given short photoperiods and low temperature combinations,
even exposed to 2 consecutive generations. Low temperature tolerance was as
comparable as the native phytoseiild mite, N. womersleyi. Overwintering
survival could be enhanced by providing wintering habitat or shelters such as
cardboard strips or urethan forms with additional food sources.

Food flexibility: When provided with European red mite (ERM) as food source,
immature development and adult performance of N. californicus were as
comparable as when given two-spotted spider mite (TSM) as food. Immature
survival and female ratio, fecundity were highest at 25C, and intrinsic rate of
population growth was highest at 30C (0.29) but with high temperature
inhibition from 34C. Immature developmental threshold was estimated
10.89-10.98°C. This data is close to the findings of the experiments done with
TSM as food.

Adaptation to the physical environmental conditions: Compared to two
representative phytoseiild mites; one imported and used in greenhouse crops,
Phytoseiulus persimilis(Pp) and the other native and used in the field crops, N.
womersleyi(Nw), N. californicus(Nc) is most tolerable to the low humidity and
high temperature conditions when evaluated by the egg hatch, immature
survival, adult survival and fecundity. For example, temperature and humidity
both affect the egg hatch of PP and Nc but only humidity affect the egg hatch
of Nw. RH30e were 82% for NW, over 66% in low temperature and >95% at
high temperature (>307C) for PP, while 56-77% for NC.



When additionally release N californicus, it is suggested to release those on branch
rather than on the main trunk, and better on leafy canopy then branch. Before the
early June, release into ground vegetation can result in good colonization if
twospotted spider mites are present on the ground. Otherwise it is suggested to
release to the canopy. The effect of release is complicated by the presence of the
natural enemy complex. If the natural enemy strucutre is simple then the additional
release of N. californicus provided additional effect. But if the natural enemy complex
is intricated then the additional release effect would not be seen. No research on
resistant strain of N. calfornicus work has been done and the field is demanded from

growers’ sides with complementary biocontrol.

The mass production system of N. californicus in constant temperature condition
was more safe than that in alternating temperature condition. The ratio of 20:1
(T. urticae : N. californicus) was more suitable than other ratio system to
produce and maintain N. californicus populaltion in mass rearing system. The
production of N. californicus in Im*was more effective than other production
area. Multistage rearing system was better than other rearing system to
produce N. californicus.

Effective storage and transport system is one of important factors to maintain
quality of N. californicus and to save economic loss. When sawdust was spread
on the bottom of bottle for protecting N. californicus the survival rate of N.
californicus was higher than that of other methods. When two of ice pack was
utilized to conserve N. californicus in transport system the survival rate of N.
californicus was better than that of other systems.

The package of tea bag was better than bottle for N. californicus to escape
from package and to disperse in apple orchard. More than 90% of N.
californicus in tea bag was escaped from the package and established in apple
branch within 24 hours.

The quantity of N. californicus per package was exceeded the standard of IOBC.
The ratio of adult females of N. californicus per package was more than 95%.
Eggs oviposited by one female were about fourteen within five days.

The number of trademark was registered (40-2009-0002806). The number of
product package was also registered (30-2010-0012545).
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H2Zd =ude JZisHg &

A1l A Fri=/d d

2003-2005 370l ZA EU F 6759 & FAZ Ax7]$ F&4 Aletolgl s
oo AR ALA FA AT (EU-Cdlifornicus Project)7} AAH L o] A9 2
7k 20061 A AL REE oA Tty BFEPOH =FEo R AAHYTE Bk oy
2 EUTD S THoR AT ZAPEo A HE&51 de AAHt}h &A=

Dol FHORE AR ANt Adeld gl 4BH 54 L 45
of Aol UE B Hdd ARH PALO Aol et T ﬂﬂ otk A

Aljetm st olutetrltistmel A Abgtole goisk WTANA $HA AN 7
59T oleT AT ARE ol gael WAUAH Aeols SoiE AE o
e AT ANFAY. WLDEN BAS T Y= FHPE

= 28 84} =1
Ex 4EAY /1T AGF AelPhS BT P4 L RFHE AT A
AaT G SUATY YEH PALCD AdoleglE BEHYT BE
Fe A AA FEen Ak MFAAE ERRHe FH0E =X @A
ol A Atole] $ohE ol 4% Mol 3ol HEH BA B A AT FHE
=goz wEAgt

FEAEY A% PASAAT2NNE Fgolo] UH 4B YAPOR Aol
gole] BEES A FAS FUHT Ytk ol B AT K98 4%
ot B AT At TIAE Aol ol BEH S4F TUWAE Aol
dgolel 4BH 54 2 wustel welFn gou] e ARdel AT
WEA WA AT AAH GARES AFH
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Zl&olE 20069 AFE FAATFRNA FEduto} (F)uhu] 2o A
AEEY 7Hiﬂ%-% i EgTot AN T AbSE AATS ol &soh A
orolg] g o Abg2 3 Holzs ol g ol(Tetranychus urticae)E ©]-&3skdth. 31t
ol &= 43T (Phaseolus vulgaris var. humilis) A& Ho|Z AMFHZ (2E 22~
BT, FUSE 50~7000)04 ZANAD FEFL 7% ASA(LE 2~2%T, 40
= 40~60%)91 9 AMEATh. AELe 12, 16, 20, 24, 28, 32, 36, 38, 40T FLI
A Zh EEEE AAEAT B RE 50~803] 2 Stk 24412 ) AbetolE] ol A
A Zzo] Al&d &S e BS o] 83 Adlo] Lo Yo] g AE A FHW 9 1

AN AFHAG Ateld ol Gol FHAF Folx ok $EHN YEF ASHAA

]

==

ool gole] I3t e BEUAST ITHYL RAE UNE BHOE e AL 7]
Bow stx, 12 £7(28 32, 36, 3BC)ll A= 12417 1A o2 ZASIAT. ZRARE &

FEuE(x16)S o€ k. £Ed FaEKUd dig AEE 6744 EP-Logan
6, Lactinl, 2, Brierel, 2, Taylor-& ©]&3t9 &4 3ty 577k digk 77 o]
W SASEZZEIRE o] &3] TukeyH 4L 3tk Weibull functiong ©]§-, 2+ &5
SAE 2898 FHEE JPZE FIG

G ARl Agel 2o F3AAl Lolhe Aen EamANT. A 20
A

. 40Tol A &o) F37h dojubA] XY, 2= TSR] AFTd AV
ko] 50%HEE AA AT
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F L7 2= wE Agelggole 7 25dAE AMEE(%)

== (C) & T Al %FF A2 gF
12 3.3 0.0 2.8 0.0
(36) (36) (35) (35)
16 5.6 0.0 29 0.0
(34) (34) (33) (33)
20 6.7 0.0 0.0 0.0
(42) (42) (42) (42)
24 45 0.0 0.0 0.0
(42) (42) (42) (42)
28 54 0.0 0.0 0.0
(39) (35) (35) (35)
32 2.2 2.3 2.3 0.0
(44) (43) (42) (42)
36 4.7 0.0 0.0 0.0
(84) (80) (80) (80)
38 7.3 0.0 79 0.0
(38) (38) (35) (35)

2 Weibull &5& o] &3 &5dAE 2594 FHEE
AAGLGE2) 7 091~093 0.2 o] FdFE o]Ldld] & A
ATt SAS ZEIAE o] &3t FHHHE FAHIA &
I} A4 AFFe % 3% 2.
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(41)

E 2. Abolg] gof o] Z & uAlE LI (TEIITHY) £ BELLAD
<X () & T A1 ks Al 2 oFF AEsEd Az *7L M|

12 6.50£0.44a 2.91%0.13a 4.45+0.30a 4.45+0.29a 18.38+0.73a 053
(36) (36) (35) (35) (34)

16 3.020.19b 1.73+0.12b 3.3620.12b 3.30£0.15b 11.48+0.20b 0.41
(34) (34) (33) (33) (32) |

20 2.92+0.15b 1.76+0.08b 2.09£0.09c 1.95:0.09¢ 8.730.12c 0.40
(42) (42) (42) (42) (42) '

24 2.090.14¢ 1.09+0.04¢ 1.16+0.05de 1.640.12¢ 6.00£0.18d 051
(42) (42) (42) (42) (42) |

28 1.17+0.08d 0.74+0.05d 1.04+0.05de 0.87+0.04d 3.82£0.10e 051
(35) (35) (35) (35) (35) '

32 0.980.05d 0.55+0.02d 0.82£0.04e 0.61£0.03d 2.98+0.04e 0.46
(44) (43) (42) (42) (41) '

36 0.83£0.02d 0.56+0.02d 0.96+0.03de 0.79£0.03d 3.23+0.05¢ 057
(71) (76) (77) (80) (80) '

38 0.75£0.04d 0.52+0.01d 1.370.03d 1.10+0.03d 3.75+0.08e 0.49
(38) (38) (35) (35) (35) '

40 0.89£0.06d

23 & s 2449 A8 € RAFE JEE
Tukey#Ad 23, 22 o] 22 do¥ld Z- A2z Fo3 Zol7t glas 3t (p<0.001).

- 20 -



1.0
b [ ]

= ol ®

0

2 o8

o]

Y

Q. °

() Protonymph
> 04

©

— [ ]

S 02 by

£ .

O 00

00 05 10 15 20 25 3.0

1.0
0.8
0.6
® Observed
0.4 Estimated
Total immature
0.2
0.0 ‘ : ‘ ‘
0.0 0.5 1.0 1.5 2.0
Normalized time
a9 2. Weibull Function ©] €3 9AE 2594 FHEL @ &g , — Jd=¢



= 3. Abgelel o)

u

A Weibull €

g ety gE

AbErolg]-g-of o] Weibull &3

WS-
n B ¥ re
1.319 3.259 -0.374
)y 0.93
(0.6495) (1.7504) (0.6340)
i 0.568 2.598 0.186
% 0.93
(0.3355) (1.5998) (0.3228)
1.106 4.234 -0.228
A1 0.93
(1.0132) (4.2568) (0.9990)
i 0.526 1.463 0.302
A 2 %F 0.91
(0.1836) (0.5382) (0.1615)
0.734 5.007 0.260
A1 S A 4 s 0.92
(0.5365) (3.9507) (0.5313)
235 & AT EFoAES e
% 4 4 25d Z57|HE JHEdSU| AEE o] &t 7 Rl AH&ste] BRYs o
md2o] vl @ ARE T AYHED JertE BAFE 2ddd I AHAF #ES
thebd otk Lactinl ®2o] A% A3Z 7% 2 AusFe vk vadg olgat
o] wgo] AAHA P A% HAA, Amerd g AHLers 7T & AUk YT 2
HE T3l Abdolggol7t €A yUet &5 75 A7 AARJIGE A5 Q. F
qere dze Adolg ool P g A2 TEeEE mgol B Aot LA
Apetolglgole] AE Aol komg o oks] AN Huolgd) WAE A A
olg] Sl E o8 F Y& HoE HIY
Zt 2do] gtgny FES X 59 YEMY. 24 2o IEtvE gES o] &3 AN
a9 29 JeERRAT 28 FEAA 25 A, F1, FA 255 dA4 & F A
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£ 4. APgolg Soffe] Zb & 7he] R A gig AgAT gt
o % A1k A20k%  [HEEE A7z
Logan6 0.9543 0.9541 0.9318 0.9877 0.9838
0.9848 0.9645 0.9403 0.8720 0.9718
0.4600 0.8336 0.7546 0.7957 0.8450
Lactin 1 0.9634 0.9641 0.9496 0.9779 0.9872
0.9886 0.9734 0.9552 0.9040 0.9788
0.4640 0.8336 0.7546 0.7957 0.8507
Lactin 2 0.9542 0.9572 0.9433 0.9914 0.9230
0.9872 0.9685 0.9460 0.9230 0.9745
0.5743 0.8952 0.9194 0.9257 0.9916
Briere 1 0.9484 0.9274 0.9229 0.7875 0.9102
0.9623 0.9605 0.9508 0.9389 0.9682
0.5477 0.8902 0.8901 0.9105 0.9597
Briere 2 0.9523 0.9300 0.9023 0.9299 0.9444
0.9853 0.9703 0.9509 0.9208 0.9768
0.5674 0.9029 0.9628 0.9162 0.9913
Taylor 0.9581 0.9412 0.8956 0.7711 0.9249
0.9716 0.9488 0.9320 0.9326 0.9627
0.5116 0.8679 0.8769 0.8713 0.9389
Zh 2l A HA €2 d AT AHE o] & AT T HAA 22 GotohT(2004)<]
AHANE o] &3 AAAFTZE, Al HA €2 Canlass (200608 H2FZHE o] &3
2775 3kol o
Logan 6: I'(T) — llj(e(DT),e(pTL’(TL’T)-/AT))
Lactin 1: r(T) = (e®P-®TTLT/2T)
Lactin 2: I'(T) — (e(pT)7e(pTL*(TL*T).’AT))+ A
Briere 1: r(T) = aT (T-To) (T.-T)**
Briere 2: r(T) = aT (T-To) (T.-T)'™

Taylor: A T)= Re (~03((T~Tm)/T0)?)

=] 3Ne)

r(T):
LRSI

=T E

= o

[eXe)
L5548,

g (125717, B&717he

p: #

ﬂ”i-ﬂﬂ TR Aole] £

, Tor 29l ag|ze) 2 243

[e1Nel}
=2 =2

o
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£ 5 7

299 ey s

.
& Rincy A 1%% A 2% A =4 147z
AT" | Gotoh | Canlas AT Gotoh | Canlas AT Gotoh | Canlas AT Gotoh | Canlas AT Gotoh | Canlas
Logan6 [\ 1.00 1.00 1.00 0.12 0.99 1.00 0.09 0.99 1.00 0.04 0.99 1.00 0.01 1.00 1.00
p 0.13 0.16 0.12 0.10 0.16 0.14 0.14 0.15 0.13 0.14 0.14 0.16 0.13 0.16 0.15
TL 47.35| 46.30 | 47.75 | 71.05 | 41.33 | 42.29 | 135.54 | 41.86 | 42.18 | 73.83 | 41.41 | 41.70 | 106.44 | 46.67 | 44.97
AT 7.64 6.22 8.41 5.63 6.09 6.90 6.02 6.48 7.32 4.38 6.89 6.20 5.25 6.41 6.50
Optimal [ 39.71| 40.08 | 39.34 | 65.42 | 35.24 | 35.39 | 129.52 | 35.38 | 34.86 | 69.46 | 34.52 | 35.49 | 101.19 | 40.26 | 38.47
Lactin 1 ) 0.13 0.16 0.11 0.13 0.16 0.14 0.15 0.15 0.14 0.17 0.14 0.16 0.15 0.16 0.15
TL 45.68 | 39.59 | 48.84 [ 43.53 | 37.71 | 40.46 | 39.66 | 37.97 | 40.12 | 39.41 | 37.93 | 38.40 | 40.90 | 38.33 | 39.78
ANT | 7.64 6.22 9.03 7.59 6.09 6.91 6.53 6.48 7.32 5.72 6.89 6.20 6.56 6.40 6.78
Optimal | 38.04 | 33.37 | 39.81 | 35.94 | 31.62 | 33.55 | 33.13 | 31.50 | 32.80 | 33.69 | 31.04 | 32.20 | 34.34 | 31.93 | 33.00
Lactin 2 p 0.13 0.17 0.03 0.14 0.14 0.06 0.15 0.13 0.05 0.18 0.06 0.05 0.01 0.13 0.02
TL 45,56 40.00 | 66.97 | 42.88 | 38.40 | 46.73 | 39.83 | 39.00 | 47.44 | 39.23 | 42.68 | 45.29 | 42.80 | 39.30 | 59.45
AT 7.53 5.72 15.07 7.07 6.86 9.11 6.79 7.62 10.76 5.43 9.82 9.88 2.02 7.46 16.22
A 0.01 0.05 -1.15 0.10 -0.32 | -1.50 | -0.05 | -0.24 | -1.33 0.08 -1.36 | -1.52 | -1.11 | -0.05 | —-1.11
Optimal [ 38.03 | 34.27 | 51.91 | 35.82 | 31.54 | 37.61 | 33.04 | 31.38 | 36.68 | 33.80 | 32.86 | 35.40 | 40.78 | 31.85 | 43.24
Briere 1 a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TO 5.61 8.88 2.89 3.39 10.20 7.87 9.24 8.90 7.19 11.35 7.72 10.75 8.76 9.25 9.14
TL 51.87| 43.63 | 53.87 | 48.16 | 37.55 | 42.03 | 39.16 | 37.66 | 39.98 | 39.34 | 37.18 | 38.36 | 41.69 | 38.47 | 40.28
Optimal [ 42.10| 35.92 | 43.40 | 38.88 | 31.26 | 34.52 | 32.41 | 31.16 | 32.79 | 32.85 | 30.63 | 31.98 | 34.36 | 31.85 | 33.28
Briere 2 a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TO -1.56| 4.01 7.37 -1.19 6.38 10.36 6.87 4.66 11.23 8.56 8.89 12.87 5.38 4.62 11.74
TL 40.10| 35.00 | 83.46 | 39.39 | 35.20 | 71.93 | 38.38 | 35.34 | 69.55 | 38.14 | 38.31 | 63.34 | 38.52 | 35.22 | 69.98
m 17421 56.51 0.58 6.75 5.73 0.47 2.99 5.04 0.37 4.10 1.56 0.39 4.82 6.81 0.40
Optimal | 38.96 | 34.71 | 46.50 | 36.63 | 32.66 | 37.77 | 33.43 | 32.37 | 33.50 | 34.53 | 30.28 | 32.41 | 35.18 | 32.98 | 35.10
Taylor R 1.44 0.92 0.99 1.97 2.35 2.00 1.28 1.24 1.02 1.59 1.17 1.06 0.32 0.30 0.28
Tm |40.97| 35.75 | 42.87 | 38.54 | 30.54 | 34.93 | 30.91 | 30.46 | 32.55 | 31.81 | 29.39 | 31.48 | 33.77 | 31.49 [ 33.18
To 13.96 | 11.44 16.04 13.75 8.91 11.75 8.55 9.39 10.93 7.54 9.16 9.28 10.05 9.783 10.58
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2 Aetolz gole) £x oEd eud A4

R ERRT

AgE 1-7Fg 543t 4Foz » F3s
3

o)
Aol gol g o] &5te] 16, 20, 24, 28, 32, 36T 2] &

WOl B(x16)2 ol §3hel AT BAOE A5 /1SRG Aol ol ABE BHL
ERE TN
o 2%

Apatolgl gof A AE 8 2 F ASFE 2% B 9FE WvHE 6)(longevity : Fsia
= 2057, p = 0.0007; total fecundity: Fsi0 = 15.24, p = 0.0001). 227} EHolAFE H59 4L
Frotia, FHA g AVR2 4 2EEE AR FFe e (Fsw = 3.23, p = 0.008).
12T 2843 Add 7)3o] of 13delH, FA 12708 <& A AR, Ad T 74 A
& oA X Aoz zAEAY. 229 Abgolg] oo A (Fsiw = 31.85, p = 0.0001) 3 A

& F713(Fsu00 = 323, p= 0.008)2 16TColA 7 1 A2 YeAY & Abd<ss 24T

A 7 BE ASE YEw T AR A7 2HFs0 = 112.22, p = 0.0001)2 =%7F 36Tel ]2

WA 278 gasgon RE 49 SudM Audsn R FoA0RG Al ¥ 2l

Aoz Ushgrh, 13 45 5= ATole ol 9 4F UL, L% AFH F Hus

A A, AEEY AUE, LEE 99 Adre] dEEES ehd Aot

E 6 Aol gols] SRl ME S99 F Ads (PRLEEOR).

ew o TERATE saes gwaer zeann 3 49
o 6o & T

16 31 24.7£2.40bc 0.6£0.03c 5.3£0.21a 46.7+5.25a
20 34 29.4+2 84b 0.8+0.05¢ 3.6%£0.19a 36.7+3.47a
24 24 43.8+3.23a 1.3£0.07b 3.0=0.13b 35.1+3.08a
28 37 32.5%2.17b 1.9+£0.12a 1.5+0.09¢ 19.1£1.62b
32 31 32.5£1.95b 1.9£0.08a 1.4+0.11¢ 18.1+1.17b
36 39 15.9+1.50¢ 1.2£0.09b 1.8£0.08b 15.9+1.50b

(P>0.0001, Tukey's test)
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Number of daily egg production
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Day, 0, BT e‘a““
S 50 \Y
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5 Algolg]goe] Add 2 AU AEFe] dEay

3. AbErol €] g-o) 9

71 Ag L ud

b

43 23

e

ARE 1oV gdan Akl go) e sfol= ARe ANFAT 2 elzddA Kol +2
5, 10, 20, 40, 80, 12022 stof Atgpolg] ol %7l 59 7leits< EASH T 247 2ke] A
7= sk vt

T ApErol g o7t A% 4] AFE =
Royama(1971)¢} Rogers(1972)8] 421& o] &3} l"ﬁ:f‘i stch 279 %
At Tukey BAS AAISHAT

1}, 73}
Aperolggoje] Autolgel 7] & WEe] U TAFE F 7ol vtk 27UEd w
g Abgrolel golh HAsE Fe FAROR thEsl Uehdvh(hs dis5, F=4169, p<0.0001,
U1 df=5, FodSds, po000D. ¢ ohet ARl I8 o] THA @ TN Aol)
A5t W el A4 o siwel Gl Fws e au e REe "o AY g oz
ARAREH oIS Aeldgast o5 RY BRelAL T & ATk A% 2sl B
9 Siwe] Qo] ol glojA Aol gole] o) ol oaaa%-g— z

E (i
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% 7. Agolelgele] Wutol o) 27 @ Yo W@ AW EAF
795 AECCECESE ERE BB

5) 4.67£0.187 d’ 4,78+0.222 ¢

10 7.50£0.479 cd 9.2210.324 ¢b

20 11.25%£0.827 ¢ 10.06+0.818 cb

40 19.54+1.148 b 13.13£1.757 b

80 22.37x2.764 ab 26.75+£1.176 a

120 29.6+£3.371 a 30.61+2.306 a
s ge U 2 gne FAgHCE Fogel gleE Hehd(p<000D). Tukey 474
2 F9) A7 vmE AT

Rogers® ‘random predator equation’ & ©]-83 ZA¥+= ¥ 83 Zt}

# 8. ‘Random predator equation’= ©]-&3te] AojA wetu]g 3zt

Brel £ Ayt o)
. a: 0.076+0.022 a: 0.047+0.012
osers Th: 0.62+0.061 Th: 0.56+0.069

a AWz (AT FAE), Th: A8717 (3 ukgl o] 9222 %ﬂo}btﬂ A= A7,
Rogers &4 y=N{l-exp[-aT/(1+aThN)]}, y=5Z % F2]z}lo] = N: ¥4z} Z7|U%
T: A€ 717k (24h)

1

| ves 9_@94 HeulE FEL olgstel BolW ARE 29 6ol LhEhiiTh F2002)
Yol g gole] 75ug Aol Abvrelegohel Aol 71
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A 2 A Aukelgolsh Alstold Sole] HEAE

= [} =21 1__76
7h kol gofe] EHAR WAE A% AEtolg] & ofe] HF AA
(1) As 2 W
Are A 181 7bs Sk 47
oS

I gl 2246 x 14m) oA 23
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o

A8 Wy

AT (FA, 394) & a5 ] Aol AR 3o1R A e AASRGG @ 7
o 9719 Q& ART BAOE YT vix de AASRGL Aol gelrt AALHA A
JER oES] st Felgolrt AE B BT AL A AR ojBYe] FYL
Agstel mASRGT 2447 F, FGFAR P FUOE 1Y AL AAG 849
Qe g 9% B @RIl £2 3 gl gl o 2089 19
2 Aol gl AEaAG BEAAE A ¢ FE ol FGAA HFIeE A A
A94e ANHoE oAU Gee Aol Aol gols Adolegols @Y LEE 2Abs
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£ 13 Abeol g gl E AX o] mE FutolSoist Aol g UE WE (43

AEH T +

ke
N

L2k )

T.urticae density per leaf

N.californicus density per leaf

Location of Initial Initial density Initial
N. californicus  density of of pest/predator
released T.urticae  N.californicus ratio 10days 20days 29days 10days 20days 29days
Top 22.715+4.27a 1.13+0.65a 20.2a 20.21£3.87b  0.00+0.00b  0.00+0.00b 5.54+0.96a 0.54+0.24b 0.00£0.00a
Middle 26.96+2.47a 1.33+0.78a 20.2a 41.13£797ab  0.08£0.06b  0.00£0.00b  4.33+0.51ab 3.33£0.92ab 0.00+0.00a
Bottom 16.42+3.27a 0.80+0.45a 20.7a 39.67+7.77ab  0.25+0.09b  0.00+0.00b 2.883£0.52b 4.54+1.20a 0.00+0.00a
Control 15.42+2 81a - - 54.75+9.68a 15.25%2.11a 12.17%£2.70a - - -
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E 14. Fulo] oo A W3} thi MANOVA #4

T df MS F p>F

~ 3 30278.24 16.13 <0.0001

o = 90 1877.03

Az 28 14960.21 99.27 <0.0001
A x A 84 1022.49 4.05

o = 2020 25241

df: degree of freedom, MS: mean sum of square

(b)) AbEtolE]&of et Huto]g-of & AFATIAIY #E

Atetol gl Sof o Huto] Sofo] EEIJE S Taylor's power lawE o] -&3lo] FA314c)
s=am”

TEE, a TEA7|9 #HHE vHJAA, b T JFE A5

0o

197]
Hm
0&1

A m 9@

AL A Qe A Abebol gl Sof o} Aule] Lo B¥ FAS Felslr] 98] Taylor's power
law$} Two9 mean crowding= ©| &3t 4 3tH 24 mean crowding &4HES o] &39 &
o ZAAA S} sro} Talor's power laws o] £3lo] FHbo]-g-of 9} /\PE}O]E]%OH.J PASURE =1
TEHES g 99 Ho 2 24E FAAHd FANE o8, bHpoE o]F9
S FRsA

1=b (random), 1>b (uniform), 1<b (clumped)
Auko] & oﬂg} Abatolg] Lofje] Al - B7FA BX H3)l okAe A mz o] AR AL
A&t <l
29 1188kl o)t 28 12(Ateo]lg-&of)E Taylor's power lawE o]-&&ted 2+ 2z
T P gks o] &3t A& 2 Aot 7 A AAE AR AATE £ 15
ol &ol)etk F 16(AFo] 2l g-of )3 2Tk

LS
Hel
=)

r_{

i)
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TSSM (Bottom) Total

Number of TSSM per leaflet
2R 11 AelEl gol E A g Futolgele] I FFAES B o]

A4

¥ 15. Taylor's power law =X & A& Hulo]|So] EXdy A
HAEE SA 3] 7] 4 A AT
AE9 y=1.577x+0.739 0.94
SIS yv=1.693x+0.548 0.94
ol F- y=1.688x+0.773 0.97
= v=1.640x+(.580 0.91
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Log ( variation )

2 4
Nc (Middle)

Nc (Bottom) Total
-4
Number of Nc per leaflet
a9 12, Aol gol HE AX ) whE AlgelE ol 4 FE D=} BAE o] 8T g
P
oy
¥ 16. Taylor's power law #218-& AFE3g Algolg]gof 223y &
PECICE 3] 4] AAA T
A4 y=1.391x+1.200 0.89
=14 yv=1.240x+1.174 0.87
ol H- ¢ y=1.437x+1.045 0.94
Zpely ]% oo} AletolE]Lofe] BN L 3o rEE Db'Fo] THUY ARR HAFEIE
3= HAoz BEALr).
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doz ol HutolgolE AAst Adeiny. 7HH et et F7HE-9l
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T FUA AR AedEn ARsg Wl X8t
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AE 9L AGn x Um A4 ABE ANAGT (2873 8. el 3ol A Aol
$ohel HEe 21, 51, 101 (dure] SohAbgtolel Sz sheich, Aol o7t AAsta 9
E AYBUL FYL olgdtel AR nHANBEA FA2YA Al )7t Azl
AAFES ATk AAdo] FHF Aol 55 NFoR 9o AFH HA W=
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o = HSUAS Y 2] 7 Saech

@ 2%
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®17. AT hxTe

Autol ol 99 BT L=o W o] £

LS|
axl

the day after phytoseiidae released

Stage Initial 3th 5th Tth 9th

Control - 203.5+56.90a 83.6+20.45a 27.7+13.57a -

Ne - 75.0=22.85a 26.3+15.11b 2.1+2.10a -

Egg

Nw - 112.0+37.23a 38.4=10.36ab 0.0£0.00a -

Ne-Nw - 72.9=28.80a 15.8=7.92b 0.38=0.38a -
Control - 1.1=0.55a 66.4+20.77a 130.1=30.12a 79.6+17.56a
Ne - 0.1=0.10a 4.4+2.29b 0.0=0.00b 0.0=0.00b

Immature
Nw - 0.2=0.20a 17.2=7.27b 1.0=0.73b 0.0=0.00b
Ne-Nw - 0.13+0.13a 4.5+4.50b 0.13=0.13b 0.0=0.00b
Control - - 0.0+0.00a - 1.0£0.67a
Ne - - 0.0£0.00a - 0.0£0.00a
Male

Nw - - 0.1+0.10a - 0.0+0.00a
Ne-Nw - - 0.0+0.00a - 0.0+0.00a

Control 20 6.6+1.80a 3.8+1.17a 0.9+0.46a -

Ne 20 5.2=1.11a 2.5+0.96a 0.0+0.00a -

Female
Nw 20 7.0£1.96a 3.6=0.93a 0.1£0.10a -
Ne-Nw 20 5.6+1.27a 5.6+1.27a 0.0£0.00a -
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Aprolg]gof ot 7I-Eolggof FiEglol AzFr(AREol g gol, I-olg gl Attol]&
go]g]Lof) B2 A Ao|g]-Lo] Z+ g gAY 9 dxE 8 239 eI
ol &) AT 0& 7IF3IAE 7T~8Y ol F, "Pm"]ﬁ] et ol FelE d &
o|&sle] QAR AU FFEIEA, Z AL o) T A (intraguild predation) S22 7§ A
FABA T Ay FE TAH SN S GAE 4T H L= g BAFH fode
(3 18).

57 —|> [ nN =
S/ TR A

e, ol
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whd
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18 AYTL TAGEN €7 W dxo i Aol £4

the day after phytoseiidae released

Stage Initial 3th 5th 7th 9th
Egg Nc - 7.7£2.59a 7.0£1.87a 3.4=1.22a 0.0£0.00a
Nw - 5.0£1.90a 4.7+1.68a 3.1=1.39a 1.1£0.60a
Nc+Nw - 5.1+2.16a 4.1+1.99a 0.1=0.13a 0.1+0.13a
Immature Nc - 3.0£1.04a 12.1=3.06a 5.4=1.29a 2.12£0.89a
Nw - 3.5t1.48a 9.0=3.3a 4.8=1.46a 2.0£0.75a
Nc+Nw - 3.9+1.51a 7.4%2.35a 1.4=0.60a 0.9+0.40a
Male Nc - 0.1£0.10a 0.1£0.10a 1.7=0.47a 0.9+0.28a
Nw - 0.0£0.00a 0.0£0.00a 1.4=0.52a 1.0£0.39a
Nc+Nw - 0.0+0.00a 0.0+0.00a 0.5=0.27a 0.1+0.13a
Female Nc 4 2.0£0.56a 1.9+0.46a 4.4=0.78a 2.8£0.47a
Nw 4 1.4£0.50a 1.4£0.43a 3.3=1.01a 1.1£0.31a
Nc+Nw 4 1.5+0.57a 14=0.53a 1.8=0.56a 2.0+0.68a

]

Apgrol g gl oF 7ol geole] TFXEAL BuE v 9lom (Schausberger 2003) £ 43
M= BREHEAT (29 24).
% 24 ATtolEl ol Y] TEEAGH

e



0.6 25
Adult male

Adult female
—e— Nc

Number of phytoseiidae per leaflet (mean)

Day
1Y 25 Aol ook A olE ol E ol HEI} o A XA G0l ol FH
T W3}

8 255 AR TAS NLIALA GRS Tol 2hA HIE @ 9aaAN G
99 B A= WeE Ul g AAHOR Algolg gl 49 Wt B
= 7 po} ¥ 199 2ol EAA $A4e BE TIA ApTolz Sl R AFe 1

olggel ¢ 4% WERT B duun 1 ol 2 oFE § .
] = o7t glo] Almtol 2 golt Aol Sl s EAMS AFsAH, Neole) ol
7h wo] Walg 9a) 4 YaaE olgw Aoz malr

19 . Atetolel golst Aol ol g 2ol HED o Tz LA Hole g0

=
i,

the day after phytoseiidae released

Stage Initial 3th 5th 7th 9th
Nc - - - 0.4+0.18a 0.3+£0.16a
Male Nw - - - 0.1+0.13a 0.1+0.13a
Nc 2 09+0.35a  0.9+0.35a 1.6+0.56a 1.3+0.41a
Female Nw 2 06+026a  05:0.19a  0.1+0.13b 0.8+0.49a
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3. A],\;_}-o]a]%oﬁg}. X—]H]—o] OH‘;I 7H2ﬂ EH 23

Aoz gofsh Hutolgolel AT FH mRL ojzel B AL olgde BAFAY
SAel ol &5 Aol gols Wetel o] AASE AE AAE % PE ALY AF AN B

o] g3ttt

Ry = a + bN; + cP:

Rp = d + eNt + P

Rx = In(N¢-1) — In(Ny)

Rp = ln(Pm) - ln(Pt)

N: g2 2 (o] g-off), Pr Z A2 ALo]lE]g-o), a, b, ¢, d, e, f& TP Hoth 1 RAA 7]
¢ 22 Berryman(1999)ell ¢JsjiA AAlE Aolth(F< 1@ R- function).

Nia = Nt + rN¢ (1-N; / K)-gN{P,

Pt = hN{P: + (1-m)P;

N: g AZp (ol goff), P A X (Aol E]gof), rr 1A AAF7HE, K 373 58 H(carrying
capacity), g: XA Aol o3t A X} AME, bt HAAE FATFOEZN AV =

&, m: EA] AV E

A9 A2 Neubert®} Kot(1992)oll &3] AA| = A Mg 20 N&E function).

E Ao A= Hollingd 7]%54HE4 S Neubert9} Kot(1992)7F #| Al g gh4=of HFR-319 o}

Niq = Nt + rNy (1-N¢ / K)-sNP/(1+uNy)

Pu1 = vNiP / (1+xNy) + (I-m)P;

N: g2zl goff), P A 2F(Aol g gof), it WA AAF57HE, Ki 87458 H(carrying

capacity), s, u, v, X, m< 39 Itu|go]th (&< 3 functional response function).

7 Aol gol AEAA G BE T £ AAT B
g9 AAA F5E FA doln AHMHGES T 200 AAFGOH o] RUEL o8
AgEel A% A 29 26(H ol Sol), 27(Ahtel 2 o) T L)
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% 20 =1, 2, 39 Ay #%

242} | a b C 322} d e f
851 | Top -0.146 | 0.007 | -0.116 Top -0.112 | 0.016 | -0.055
Middle | 0.057 | 0.001 -0.102 Middle -0.297 | 0.009 | 0.021
Bottom | 0.118 | -0.004 | -0.085 Bottom | -0.076 | 0.006 | -=0.006
r K g h m
s5=2 | Top -0.449 | 26.098 | 0.047 Top 0.010 | 0.199
Middle -0.123 | 14.522 | 0.094 Middle | 0.006 | 0.104
Bottom | 0.402 114.0 | 0.160 Bottom | 0.009 | 0.094
r K S u \4 X m
=3 | Top -0.502 | 36.633 | -0.251 | 0.166 | Top 4.369 | 6.563 | 0.638
Middle -0.260 | 71.283 | -0.045 | -1.340 | Middle | 0.186 | 0.399 | 0.300
Bottom | 0.008 | 3.767 | -0.042 | -0.301 | Bottom | 0.171 | 0.306 | 0.306

(2) Aberol ] goj

Average no. of N. c alifornicus per leaflet

a3 27 Atolal S} WF AN Aol gl HERTH B 5 2

12

10

0

0 2 46 8101214161820 22 24 26 28 30

0 2 4 6 810121416 18 20 22 24 26 28 30

Date

- 54 -

0

Bottom

Observed
R-function
N&E function
Functional response

ol

0 2 46 810121416 18 20 22 24 26 28 30




U Abeel g go] HEUES] WE T Fo] AAE Ads

(1) erol3-f

10
8 5
| 2
e 5
) 4
=
©
2
S
]
o
w 0 T T T T T T T
8 123 4567 8 9101112131415 12 3 4567 8 9101112131415
N
t
S
~ o,
"'6 T. urticae
o R-function
) Functional response
(2]
©
S
O 10}
>
<
5.
0

1 2 3 456 7 8 9101112131415
Date

a9 28 Aol ol HEREE(olg ool sl = 1:2, 155, 1:10) HHolsofe Az

3 2d o= A3

- b5 -



%21 %= 1, 2, 39 sEnH #®

vz |a b c FAA | d e f
skl | 1:2 0.033 | -0.012 | -0.101 1:2 -0.208 | 0.081 -0.214
1:5 -0.429 ] 0.029 | -0.252 1:5 -0.246 | 0.005 | -0.131
1:10 0.554 | -0.036 | -0.875 1:10 -1.164 | -0.003 | 0.967
r K g h m
g2 | 1:2 -0.799 | 10.401 | -0.067 1:2 -0.009 | 0.250
1:5 -0.625 | 39.848 | -0.178 1:5 -0.022 | 0.237
1:10 0.053 1.185 | -0.322 1:10 -0.029 | 0.111
r K S u v X m
Sh4=3 | 1:2 -0.878 1 9.914 | 0.111 0.096 1:2 0.759 | 2.681 0.530
1:5 -0.701 | 27.572 | -42397 | 65336 | 1:5 13.027 | 22.471 | 0.859
1:10 0.624 | 0.909 |-0.175 |-0.278 | 1:10 179.5 | 75.726 | 2.524
(2) Abetol 2] g-of
4 4
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£ 27 7 exe gzae) 23 AN FashA g Aoz gl Mol

¥ 28. 18°C¢ LD 6:18 AN =717+ 23S o, FHEA &= Atdto)
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ool 9% AT AT 20089 29 AFE £F BE H5d 24 AW Aozt AHoz
AW gzdd 5L e Aoz uehdth 2URY sHAY Q4 2ESE AdE 29 49
on, }49e ERT A= BEP AUFY SUURANE 9557 = Ao vy
S8 AW gz Folt 959 Qo] dAeA AAHE ALY T2 TEF, wedo] oA
=8 WEsh $A dEET 99 o FxoA dedRE Audon ue pe wEm Yo
W ool 9F /17 44 59 #5L 0 AREY & Avke A3} Azl gojrl Lol Mol
ojge s AAEE Lo} 43, FE 5L 4ATE AN vEAoz Aser ¥ 1
Bolth w3 95 AolzlSo) 22 9 Fx 2AL e Bage FYE A=old
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A \“4

A Aot 2007 120l 2008 3E7HA g Ao g Aol Abgele] Sl

OJ 100% AbgetE Ao 2 vEwt @7 ZAAE F714 AE(01FY HHoE Z2E A=

2 Fol9A zALSta T ofe] dAer Q) AlgEC] ¥ w2 & AT, F7] 2AF

°ﬂ/‘ T Atgolg ol EE AFdA 100% AHEES EATh Iy AlgolEgole ALE

AM 187HAE 50% olde] AEstd ey, 287tAE F3d wet 30%7HA A&t 18

Mol AuAE 100% Argstsitt. =8 & ddo] ofele F4S AdE EAsHA] REsidle
AL HEEo] A7 wEe] 20009 F A&l wEAQ dA77F Zedith 20009 FE7] dd
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TR 98 AT ARAAE Aol Sol 3847 BEHA Bk
HGES A AT o]

b AgEd § gol Holg ATE A9 19 4% AEEL
e ¢ F AT BT 239 Aol 20089 BAE Abetelg ozt 19 Al
o GE3T g FAT vf Arh(FA ], BK-ASAT BIA, 2008).
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ol g & o= 20060 AFE GAAFAAA Bt} AN A FAE F9
o] & 0}9?\‘:} /\}“LO]H ol AFSE He HolZ2M & Huro]&-ol(Tetranychus urticae)& ©
AL o= Aol A AES A AL Sl A FASHHA A FE Ho
91‘:} Hol2 FFHE AHGSNY ES5dAE 2 FERIFA Foy FEI Fo] Holrt

A

L
Y

2L ol
ox ok ml ¥R

R U]

HA stFh A2 15, 20, 25, 30, 35T Y 27Ul A 7 SEEHE HAASAT. HHEFE 30
oo ATt Aptolg]gofj 7} Abghgt GS12A17 W The R o] &-3ste] AtEE el v A
Q ARAE 3em) B LAY gk Aol gl Lol Rad Fol: Holrt ¥EaA]
GRS ALHA ABgole L BE BEUAT FIHAYG. FAE 124 BhoE dE AL
71207 stk ZAE AT AR (IOE ol AT 2= H@EST|te Wi 8= 6
7FA] B @l-Logan 6, Lactinl, 2, Brierel, 2, Taylor-& ©|&3t9 &4 3}HT}

2) 23

F UE AHLOE Hol= 3 Abol2So) B Fg|To|T. 15TAAN EA7 7ol
1BEAER AA3 30CoA 3374=E 71 &) 3bTAAME 343€ = 30T SAFo=E
oA AT A W&o B vsd A e

¥ 34 AHSE HolE S uf Algro|g ol 7 WS EAE SV (57 IHY)
+ FFA
= ¥ o = 1= ok 2 B 7 B8
OE == Q_' == Or= (1):[7 H
(©) T A1 FE A 2 47171 7\ &
15 524+0.12  2.09+0.06 4.45+0.13 3.52+0.17 15.28+0.21 075
(18) (18) (18) (18) (18) '
20 2.11+0.08  0.98+0.08 1.710.07 1.50+0.08 6.29+0.03 074
(16) (16) (16) (16) (16) '
25 1.10+£0.02  0.69+0.07 1.14+0.03 0.90+0.03 3.82+0.08 077
(16) (16) (16) (16) (16) '
30 0.84+0.06  0.55+0.04 0.97+0.05 1.000.23 3.37+0.24 073
(16) (16) (16) (16) (16) '
35 0.82+0.07  0.55+0.04 1.03+0.05 1.08+0.09 3.43+0.13 0.68

(17) (17) (17) (17) (17)
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dE =4
Hl=g 29 0182 A FHobgde & ¢ dvh S AbHolE Sl 2S5 25-30T A
7HE s dojde & ¢ den o AR ZERSAM JHE AT FhEol 2
T A AA T A7 G4 30T A 11.89 =2 7HE Atom 15ToA e 3694 =

A=
CE ALM wRo] I AATD A A REe & F Aok

L =5 7HERo) WAHAAST7HE() HAAIH77E o] T
15 26.78 0.09 36.94 P. ulmiegg)
20 38.39 0.19 19.45

25 49.24 0.25 15.31

30 35.09 0.3 11.80

35 6.81 0.18 10.70

AtTSoE Holz & A AlTolFFofe] 2% T
Mol BeA7 A= 7 3637 2o} Fox BEo]
ALg = Aoz vl
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£ 36 AHLolE Bl S AE, AbolE g wge 7
H Ay dsndef metng et 2745
& 5 | A1 4 A 2 FF|HSED AL
Logan6 Y 3.49 1.56 0.21 0.15 0.07
) 0.16 0.10 0.16 0.16 0.15
TL 38.56 | 45.44 37.00 36.12 37.66
AT 6.04 9.47 5.91 5.71 6.22
Optimal | 32.52
r’ 0.91 0.48 0.93 0.91 0.87
Lactin 1 D 0.16 0.10 0.17 0.16 0.15
TL 38.30 | 45.46 37.00 36.13 37.66
AT 5.89 9.39 5.99 5.88 6.33
Optimal
r’ 0.91 0.48 0.93 0.91 0.87
Lactin 2 D 0.08 0.05 0.10 0.11 0.01
TL 4451 | 50.32 39.95 38.18 47.83
AT 10.46 | 10.57 8.98 8.27 7.15
A -0.98 | -1.09 -0.66 -0.71 -1.23
Optimal
r’ 0.98 0.57 0.99 0.99 0.99
Briere 1 a 0.0006 | 0.0003 | 0.0007 | 0.0009 0.0002
TO 11.35 | -2.71 10.54 10.82 9.95
TL 39.71 | 46.39 36.76 35.51 37.46
Optimal
r’ 0.98 0.58 0.99 0.99 0.98
Briere 2 a 0.0004 |2.5x10°| 0.0009 0.001 6.8x107°
TO 11.68 5.98 9.91 10.61 11.21
TL 41.97 | 68.78 35.89 35.34 41.31
m 1.55 0.54 2.48 2.12 1.17
Optimal
r’ 0.98 0.63 0.99 0.99 0.99
Taylor R 1.22 1.75 1.09 1.27 0.31
Tm 3272 | 36.43 30.01 28.38 30.51
To 9.37 14.59 8.56 7.44 8.99
r’ 0.98 0.56 0.96 0.96 0.99

FTo2 Il AJE oM 7HE wol ARgHE Aol g, 28a A

B LHE BANA L AT, F4E AEL, 4F AZEY 2

2~€ £7/(D. 15cm, H. 15cm)® %= Humidity chamberd] 2z+z¢
52 fA387] 98 Mgcl, 6H-O, Ca(NOs):, 4H-O, NaCl, Na:HPO,,



Ao, Auro]l&e7t e AEF Lo &S b und 4HA HAFoZHE 12
ZdH &S plexiglass celle 3 714 &FF T Cell& plexiglass (8x3.5x0.3
| = MY FHol J LrHE g YU E il JEEL &

7 e
o= ZetiE 9qth 4 Cell £22 4 A AT 406070 T HoR R

o

= FHE S vFHH, Aol Sl AFs AL A

stk g olg] oot AFolA AT Alto] g

= A Cold hardiness(W3d)E SA3 A + T SHES LollA

Z7FA 15°CeF #7] 8L:16D 2 oA BlFH7] dolg]§oiE 15°Cet #F7] 16L:8D =
dolg]gole 6°CollA AFE A FIdoh. 31 F 6710¢ €
P oo

=

A0, 177, 10, 12€47F A8t mlo]l 227 H.(10 by

7 I
4mm H)el FErolgof &, %, 5ol A" T4+ 3 x 0.7 mm=E Z&A ¥ £H43
A

’ S a0

AAAAZSE 3 vgld HEFSAY. (HESFE 158HE) AP H vpola2RrE Zgkadg 879
91 BE Zgtag 8712 797 0°C xAGA B#sgrh 79% 7 ZTgaE 4712 -6,
-9 283 -12°C 249 AFHHE &7 1, 2 3,4, 5 6, 7, 10 & 1247 A&sArh (0
de hxTE 5 9A 7 B 4 Lo =E2A7 EAE S7E5S 20°0C FFY)
16L:8D Z7A M RaAsta 2443 3 4R JE AFES A F 108 B ddgdoes
AbgtE ZA G ds FAIA T
(2) At

LH5E 34 AG: oy glFY 5% B A HIbA AtelglgelE Eole] Sl
v Ayolg SRt 123 Adxd o e AEAHE BAFAT. F3&S EH, 2E A
TN FE gad wet ¢o AYER FUFEIATHE 37). 15T 24 AlFolg & A
9 e AUEE 50% BEu ve did =2 AEES BAY Iy gl sdE %
qro] o] Hglo FggE mHTh A olg Sl FE4 =219 Ja5zgo FoIFIY BE
TN H& FEE =& ¢ AYES B9 HFESA & FRo] ¢ e o agEA
Aol 7hF Z o] FE HAT 35T =2 LT Ayolg Los Aol g] St 7€) g)
Sofol vl T FE FFRAZA Lo 2371 gl
F38 52 Al T BT 55%0)dY ddlsRA dEstA Aobd A Rtk Aol g
Lol §2& FE GAA Aobddtharound 50% at 75% RH and almost 100% at 95%
RH)(2® 37). 1Eolg g /32 75%S] ddFEoA doldA Eatd oyt 80%dAA+= A

Z7HA 229t #AIgle] R AT HeolgSole W 2RodA AFA AY Aopd

oSy 2= wet FrtskAth 73%9 HAdFEodA FEe AEL 10%7HA HAEHA
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Asie o ok 243 AN Agels AEA A BAS Aok
¥ 37 AUEFEY 259 & FF&of gk 93 (GLM regression)
Species R” Intercept Humidity (%) Tempgrature H=Temp
N. californicus 0.84 0.19 (0.38)° 0.017 (0.001) 0.01(8C()0.02) ’
N. womersleyi 0.71 0.606(0.001) 0.0135 (0.0001)
P. persimilis 0.77 1.232(0.03) 0.030 (0.00D) 0.0296 (0.1) 0.0007 (0.01)

! Interaction of humidity and temperature

> Number in the parenthesis represent the P value of the parameter from T distribution.

3 ” ”

represents non significant parameter

# 38 ANz FAZ T4 FH 3F Lo veAAL 5= (LHx)
Species Temperatures (C)
15 20 25 30 35
N. californicus 56.5 61.8 67.1 72.4 717
N. womersleyi 82.0 82.0 82.0 82.0 82.0
P. persimilis 66.1 71.3 79.4 93.8 '

l ” ”

- 71 -

represents no data available because of no egg hatching at this temperature
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% 49, ZF BAPTE o Aol Eofe] AEof A FAHE
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Common Name [Trade Name [rype
1A 71
hiophanate-methyl [&4 (T) FHeFm o] E 2]
minoctadinetriacetat
I HIESE) oA
2 AT
hosghamidon EAE(E) [Organophosphorous
luguinconazole dIE(T) =]
lufenoxuron FEAAl0l E(&) Bcylurea
resoxim-menthyl FR B2 () I~ E 2ul =2
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# 39. ¢tF Atabedo] oFAl X H(2008)

Date Agrochemicals applied Trade name
5 May 2008 Svnthetic pheromones Mating disruptant Confuser R®
25 May 2008 Kresoxim-methyl Fungicide & |] %]

30 Jun 2008 Dithianon Fungicide 9

4 Aug 2008 Pyraclostrobin Fungicide 7B g 2.9 o]
5 Sep 2008 A mixture of difenoconazole Fungicide A7 9

and iminoctadine-triacetate
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(A) N. californicus release

p Jun  July ; Aug | Sep ; Oct

(B) N. californicus no release

 Jun iuly ; Aug | Sep ; Oct

‘9 = - -+ Motiles on random branch
y— + —— Adults on upper branch
g © - ++ \ = - Adults on lower branch
= © - /
% ;
< 4 .
Q ¢
N .
o -*
— | | |
©
% g — Adults on upper branch
= Adults on lower branch +
K -
w
S < _ ¢
£ 44
= A ’
< o | ¢ $-¢ ot 3 43,4 H 0:‘20::
M | | | | T | | | | |
3 o
Z S Adults on upper branch
g Adults on lower branch
§ .
f‘g e
5 *
Zg— s [ i e o | e 0-90 0 0 0 0 o o
| | | | | N L I I I I I
E g — Adults on upper branch
; Adults on lower branch
E -
c <
.g o
s $ -4 }
S o] LA SO S i o .lcot*‘o,
o
" Jun ! July ! Aug ! Sep "oct ' " Jun ! July ! Aug ! Sep " oct !
2008 2008
¥ 52, AbFg o et Abmtol g o WA el ALl A JHE Bol YERd
T4} e Abehold g ol 20084 69 1993 79 49 % we] A
ol AR A,
Aagohel = 69 2o Boldon 78 Fedt AnAd wdw 79 ol FHI Tas
Ak Aol Sole Asgort B Aol F Azl BE TAAAL Aol o) wa W
AbE Vol A 2 7)2be] Wol HAEAT TSl 984 108 =& Hel disl LA
Ath. 79 119 7 2] AAgd] An YEE WS A% S dun ophE 7}xu o] =5
ARk Abetolg]gof o] WA SH(o}#| S 7HA]: 8.8 (mean) + 054(SE), 91% 7HA: 64 + 042)¢

FRAT(F LT
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064, 91%& 7FA: 9.2

+ (0.55)(GLMM with Poisson errors,



treatment and branch direction as fixed effects,tree as a random effect, z = 0.865, P =
03871l A ztel= gl AFRSo) EE7F FHuAo P& o EAIEE, =WHAF
(Hemiptera: Anthocoridae) B3 @o] AT ¢ A F Aol EF AL HE 2 G
o}.
£ 40. ANOVAE o] &3 2} QoA EAgof FHhA 9 mite-days F3
Source df. MS F value P value
(A) For Neoseiuluscalifornicus
N. californicus release 1 338.29 48.48 < 0.001 Hok
Branch direction 1 1.22 0.17 0.679
N. californicus release x branch direction 1 0.07 0.01 0.918
Residuals 36 6.98
(B) For Neoseiuluswomersleyi
N. californicus release 1 222.43 791 0.008 w3k
Branch direction 1 161.1 2.73 0.022 ®
N. caalifornicus release x branch direction 1 10.79 0.38 0.540
Residuals 36 28.12
(C) For Amblyseiusorientalis
N. californicus release 1 37.93 1.74 0.195
Branch direction 1 198.92 9.15 0.005 ok
N. caalifornicus release x branch direction 1 6.01 0.28 0.602
Residuals 36 21.74
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F 54 AHolE] ool 2% 3 Hold wE 4 ESdAE 257t
BEEY
o ok 5 (AT A2 | 7HA <] ol Far
713t

12 6.5 2.91 4.45 4.45 18.38 | Tetranychus.urticae(composite) A A
15 5.2 1.95 3.5 3.55 14.2 T.urticae(egg) Gotoh & 2004
15 11.5 T.urticae Castagnoli 2} Simoni 1991
15 6.505 2.79 4.775 6.655 20.73 T.urticae(composite) Canlas 5 2006
16 3.02 1.73 3.36 33 11.48 T.urticae(composite) A A
16.4 3.8 1.3 3.1 2.9 11.9 T.urticae(egg) Ma 9} Laing 1973
17.5 34 1 1.65 1.6 7.7 T.urticae(egg) Gotoh & 2004
20 2.92 1.76 2.09 1.95 8.73 T.urticae(composite) 3 Ad
20 3.05 0.95 1.6 1.6 7.2 T.urticaee(egg) Gotoh & 2004
20 7.3 T.urticae Castagnoli 2} Simoni 1991
20 2.205 0.955 1.575 1.96 6.705 T.urticae(composite) Canlas 5 2006
20 3.8 1.2 1.8 2.3 9.2 T.urticae Rencken 2} Pringle 1998
22.5 2.15 0.65 1.2 1.15 5.15 T.urticae(egg) Gotoh & 2004
23 7 T.pacificus McMurtry 1977
24 2.09 1.09 1.16 1.64 6 T.urticae(composite) Az 24
25 2.5 0.7 1 1.4 5.7 T.urticae Rencken 9} Pringle(1998)
25 1.8 0.55 1 1 4.3 T.urticae(egg) Gotoh F 2004
25 5.8 T.urticae Castagnoli ¢} Simoni 1991
25 24075 10.930833| 1.685 |1.434583| 6.4575 T.urticae Escudero 2} Ferragut 2005
25 2.095833 | 1.077083 | 1.51875 [1.269167 [ 5.960833 T.turkestani Escudero 2} Ferragut 2005
25 1.851667 | 0.8825 |[1.088333(0.850417(4.672917 T.ludeni Escudero 2} Ferragut 2005
25 2.275 |1.030833| 2.4225 [ 1.88875 [7.617083 T.evansi Escudero 2} Ferragut 2005
25 3.88 T.urticae(egg) Gotoh F 2006
25 3.85 T.kanzawai(egg) Gotoh & 2006
25 4.02 A.viennensis(egg) Gotoh F 2006
25 4.07 P.citri(egg) Gotoh & 2006
25 4.33 P.ulmi(egg) Gotoh F 2006
25 3.79 T.urticae(egg) Gotoh F 2006
25 4.04 T.kanzawai(egg) Gotoh & 2006
25 4.05 A.viennensis(egg) Gotoh F 2006
25 4.11 P.citri(egg) Gotoh & 2006
25 4.39 P.ulmi(egg) Gotoh F 2006
25 1.51 0.775 1.255 1.295 4.84 T.urticae(composite) Canlas 5 2006
25 4.458 T.urticae Mesa 5 1990
25 4.708 M.tanajoa Mesa 5 1990
25 7.32 Polyphagotarsonemus latus Castagnoli ¢} Falchini 1993
25 1.9 0.6 1.5 1.1 5.1 T.urticae(egg) Ma 9} Laing 1973
25 1.96 0.92 1.23 1 5.11 T.urticae(egg),tomato(parador) Cedola ¢} Sanchez2003
25 2.04 0.53 1.47 1 5.04 T.urticae(egg)tomato(fortaleza) Cedola ¢} Sanchez2003
25 2.1 0.54 1.93 1.15 5.72 P.persimilis(larvae) Walzer 2} Schausberger 1999
25 2.17 0.54 2.74 2.18 7.63 N.californicus(larvae) Walzer ¢} Schausberger 1999
27.5 1.45 0.45 0.85 0.85 3.6 T.urticae(egg) Gotoh & 2004

. . A A
28 1.17 0.74 1.04 0.87 3.82 T.urticae(composite)
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qsEd
ex | @ | #% |AlE|AIzerE| A =] 0] 5 28
713

28 7.35 Aceria dioscoridis El-Laithy ¢} El-sawi 1998
28 9.63 Date palm(pollen) El-Laithy ¢} El-sawi 1998
29 9.68 Castor oim(pollen) El-Laithy ¢} El-sawi 1998
30 24 0.5 0.6 1.2 4.8 T.urticae Rencken 9} Pringle 1998
30 1.15 0.4 0.75 0.85 3.15 T.urticae(egg) Gotoh 5 2004
30 4.4 T.urticae Castagnoli ¢} Simoni 1991
30 1.715 0.54 1.05 0.94 3.86 T.urticae(composite) Canlas 5 2006
32 0.98 0.55 0.82 0.61 2.98 T.urticae(composite) A4 A4
32 1.4 0.5 1.1 0.9 3.9 T.urticae(egg) Ma 9} Laing 1973
35 1.2 0.5 1.05 1.1 3.8 T.urticae Gotoh & 2004
35 1.085 0.5 0.99 1.015 3.595 T.urticae(composite) Canlas 5 2006
36 0.83 0.56 0.96 0.79 3.23 T.urticae(composite) A A
38 0.75 0.52 1.37 1.1 3.75 T.urticae(composite) A4 A4
40 0.89 T.urticae(composite) A A

X 55 AHEolgl el 459 2% % Hold mE AT, Ak, abde 7|7
ex | wwang | venn | vagn| B ool F5 23

4713

16.4 4.1 19.6 27.3 T.urticae(egg) Ma ¢} Laing 1973
20 2.5 24.7 18.9 46.1 T.urticae(egg) Gotoh & 2004
20 2.2 16.7 17.6 36.2 T.urticae(composite) Canlas & 2006
25 1.6 19.4 12.9 33.8 T.urticae(egg) Gotoh & 2004
25 1.19375 20.48 T.urticae Escudero ¢ Ferragut 2005
25 1.25 20.35 T.turkestans Escudero ¢} Ferragut 2005
25 1 21.15 T ludeni Escudero ¢ Ferragut 2005
25 3.1825 4.32 T.evansi Escudero ¢} Ferragut 2005
25 1.6 14.07 58.87 74.53 T.urticae(egg) Gotoh 5 2006
25 1.57 15.5 57.5 74.17 T kanzawafegg) Gotoh & 2006
25 1.6 15.6 67.6 84.8 A.viennensis(egg) Gotoh & 2006
25 1.73 14.73 53.4 69.87 P.citrilegg) Gotoh & 2006
25 1.53 13.87 29.07 44.47 P.ulmi(egg) Gotoh & 2006
25 1.4 13.67 63.2 78.27 T.urticae(egg) Gotoh & 2006
25 1.47 14.53 64.4 80.4 T kanzawafegg) Gotoh & 2006
25 1.53 13.53 69.4 84.47 A.viennensis(egg) Gotoh & 2006
25 1.4 16.47 53.73 71.6 P.citrfegg) Gotoh & 2006
25 1.43 16 28.57 46 Pulmiegg) Gotoh & 2006
25 1.68 17.91 10.18 29.27 T.urticae(composite) Canlas & 2006
25 18.1 T.urticae Mesa & 1990
25 15.5 M. tanajoa Mesa & 1990
25 1.5 13.4 20.2 T.urticae(egg) Ma ¢} Laing 1973
25 0.53 6.64 T’”""C“E(egg)‘t;)mam(pamdor Cedola 9} Sanchez 2003
25 0.31 6.73 T’””"W(egg)tao)“mc’(fortalez Cedola 9 Sanchez 2003
30 1.3 12.3 9.8 23 T.urticae(egg) Gotoh & 2004
30 1.1 11.7 7.7 27.9 T.urticae(composite) Canlas 5 2006
32 1.5 10 11.6 T.urticae(egg) Ma ¢} Laing 1973
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% 56 Aolelgolel £E U BolE Aol me TARSY QANBS
e} Ol
ev | Sl | abhes HelER i
16.4 32.8 1.7 T.urticae(egg) Ma ¢} Laing 1973
20 38.4 1.6 T.urticae(egg) Gotoh & 2004
20 25.8 1.54 T.urticae(composite) Canlas & 2006
25 41.6 2.2 T.urticae(egg) Gotoh & 2004
) Escudero ¢} Ferragut
25 56.67 2.7 T.urticae 2005
25 58.64 2.66 7. turkestani Escudero < Ferragut
2005
25 63.11 2.97 T ludeni EscuderOQ o Ferragut
005
25 5.95 0.79 T.evansi EscuderOQO%;e”agut
25 46.2 3.31 T.urticae(egg) Gotoh & 2006
25 48.14 3.14 T.kanzawailegg) Gotoh & 2006
25 47.8 3.07 A.viennensis(egg) Gotoh & 2006
25 44.67 3.03 P.citrilegg) Gotoh & 2006
25 43.8 3.17 P ulmiegg) Gotoh & 2006
25 46.67 3.42 T.urticaelegg) Gotoh & 2006
25 49 3.36 T kanzawaiegg) Gotoh & 2006
25 43.73 3.23 A.viennensis(egg) Gotoh & 2006
25 48.33 2.95 P.citrlegg) Gotoh & 2006
25 47.71 3.03 P ulmiegg) Gotoh & 2006
25 34.73 1.94 T.urticae(composite) Canlas & 2006
25 44.8 T.urticae Mesa & 1990
25 36.7 M. tanajoa Mesa & 1990
25 21.4 Polyphagotarsonemus latus Castagnolh‘g;; Falchini
25 30.5 Dermatophagoides farinae Castagnoli & 1999
25 19.64 Aculops I[ycopersici Castagnoli & 2004
25 28.3 Quercus(pollen) Castagnoli ¢} Liguori 1994
25 43.3 3.1 T.urticalegg) Ma ¢} Laing 1973
25 15.83 T.urticae(egg) tomato(parador)| Cedola ¢} Sanchez 2003
o5 14.65 T.urticae(egg)to)mato(fortaleza Cedola ¢ Sanchez 2003
25 0.5 T.evansi Moraes ¢t McMurtry 1985
25 2 T.urticae Moraes ¢+ McMurtry 1985
25-27 23.7 T.cinnabarinus Swirski & 1970
25-27 12.5 Eutetranychus orientalis Swirski & 1970
25-27 4.8 Brevipalpus phoenicis Swirski & 1970
25-27 5.3 Aonidiella aurantii Swirski 5 1970
25-27 10.7 Castor bean(pollen) Swirski & 1970
25-27 8.8 Maize(pollen) Swirski & 1970
25-27 10.7 Carpobrolus edulis Swirski & 1970
25-27 8.1 Almond Swirski & 1970
25-27 11.2 Avocado Swirski 5 1970
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30 28.4 2.4 T.urticae(egg) Gotoh & 2004
30 27.9 2.34 T.urticae(composite) Canlas & 2006
32 28.2 3.1 T.urticae(egg) Ma ¢} Laing 1973
%57 AoleSole] AMERN] mE Hund g
Tﬂﬁ—x = o
25 |E3ER0 WA A9 50| 55 wol 3 3
16.4 12.73 0.112 22.72 T.urticae(egg) Ma ¢} Laing 1973
20 23.674 0.173 18.271 Turticae(egg) Gotoh = 2004
20 18.09 0.162 20.61 | Turticace(composite) Canlas = 2006
20 9.71 0.122 20.11 T.urticae Re“Ckerllg‘?S Pringle
25 11.18 0.227 11.63 T.urticae Re““‘ke?;;g Pringle
25 28.558 0.274 15.303 Turticae(egg) Gotoh &= 2004
25 29.1 0.287 11.7 Ma 9} Laing 1973
25 95.3 0.19 16.7 Mononychellus Mesa 5 1990
progresivus(all stages)
25 29.9 0.19 174 Mesa & 1991
25 36.6 0.259 13.9 | Turticae(not specified) Casmg“‘ig;f Simoni
25 11.2 0.227 11.6 Turticae(all stage) Re“Ckerllgs’;S Pringle
25 0.118 T.urticae(not specified) Castagnoli & 1999
25 0.274 T.urticae(not specified) Castagnoli & 1999
25 49.25 0.283 17.46 T.urticae Escuder(;o%;e”ag“t
95 42.93 0.267 17.89 T turkestani Escuder%of)};e”ag“t
25 47.37 0.337 16.04 T ludeni ESCUderOZOQgBFemg‘“
25 3.33 0.084 14.5 T evansi ESCUder(’ZOQg5Ferrag‘lt
25 | 32.043 03112 11.232 Turticaelegg) Gotoh = 2006
25 | 33.941 0.3064 11.502 T kanzawai(egg) Gotoh = 2006
25 31.04 0.2953 11.944 | A viennensisegg) Gotoh = 2006
25 | 31.019 0.2942 11.676 P.citriegg) Gotoh = 2006
25 28.809 0.305 11.017 P.ulmi(ege) Gotoh = 2006
25 | 33.4665 0.3281 10.699 T.urticae(egg) Gotoh & 2006
25 | 34.553 0.3098 11.433 T kanzawaiegg) Gotoh = 2006
25 30.065 0.3048 11.165 A.viennensis(egg) Gotoh & 2006
25 | 33.868 0.2961 11.897 D.citri(egg) Gotoh = 2006
25 | 32.199 0.3072 11.302 P.ulmiegg) Gotoh = 2006
25 22.02 0.209 1755 | Turticae(composite) Canlas = 2006
25 25.3 0.19 16.7 M.tanaja Mesa & 1990
25 29.9 0.19 17.4 Mesa = 1990
o5 0.194 Polyphagotarsonemus | Castagnoli ¢} Falchini
latus 1993
25 0.143 D@mffof?hag“d@s Castagnoli = 1999
arinae
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25 0.172 Aculops lycopersici Castagnoli 5 1999
25 29.09 0.287 11.74 T.urticae(egg) Ma ¢} Laing 1973
28 0.21 Aceria dioscoridrs El_Laltm{gg}S El=sawi
30 19.727 0.34 10.454 T.urticae(egg) Gotoh & 2004
30 16.74 0.285 16.79 T.urticae Canlas & 2006
30 10.54 0.251 10.2
32 17.82 0.307 9.38 T.urticae(egg) Ma ¢} Laing 1973

E 58 Abeolelgele] 4 £

z7|4 % dd ¥ A a1

10 6.2 Laing¥} Osborn (1974)

20 6.9

30 8.2

40 7.5

50 10

60 9.7

80 8.7

100 10.9

120 12.7

150 14

180 13.6

210 12.6

1 0.87 Friese ¢} Gilstrap (1982)

3 2.38

5 4.57

10 7.9

40 10.05

1 1 Cuellar & (2001)

3 3

7 6.9

15 14.5

30 24.8

105 25

200 39.72

4 1.11 Cedola's (2001)

8 1.44

16 2

32 3.33

64 4.25

5 2.17 Canlass (2006)

10 4.23

20 12.83

30 16.06

40 17.49

50 20.91
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