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M1 A7 e o 7R
A ATl ey
O #H™ ol Al M7|=l= cietet ol 2AtES of

oM oF7|=l= EHMA (Lee, 2014; KREIL 2015; RDA, 2018)

% HEMZ 0|83t 59 #3

MIMo= it 22 BH HBI|E HAl

SIRg X NE SE/AD EERR O=9
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O MAXM2E AMdEIES F2 o F2 =3RS =0 SsotERSE2 F7(QA Lt FHut|
O|EAl A&H ot o2}l otMElD| Z2| =L} 22 E[otH T, ElotH| S4tnt 22 H2uU =
E|'=O| = MFHo| thshM MM EXMIF XESMo 2 5512 US(Herron and Wilson

2011). =HOIME =2 S FE S SAHH 2t

0P>|-

AHef)e A& XEMOo

CH 3t
olo| E1N = 20{(Cho et al, 2018; Lee et al., 2017), Z=AQl AEK 2} stH2E 7K 2]

k

ZHFEI ot Zo| AEATE E EX e Folol F2 MASH| i 2o AESHeZ2E LA

A

7t o{2{2 A™H (Cannon et al., 2007; Kay and Herron, 2010).

O E3H 2019 HE MoMoz A D e SAHKSAZ 20| HZ(PLS)E olal At

My SEE ZoF 099l AMO| EIELD, RESE HAPIFO| YatE wet HE S
A

O Xk dod A Sk Rt 22 M= HHHo|D REFEXQl 2ASXsS 0|88 A&
OLE B A[M(Xlsd Ald, intelligent greenhouse)O| Z7HE & ALZ |1 e, siE 22| E

ol sl Z2| X2t UM E TSI CHESAY 2R (Ueka et al. 2015)2 Hall F A5 ZX|

MM (Pekkerieta et al. 2015) S0| 7HL=US

O e[t ME Al ZHdloll ICT 7|&S =8t ADIE d2USel &Msut Za =11 Q)
o, AlM W HallE WM EES =0[7| /et ghHel stLtE ICT-MA 7|=2 A et Aot
E zletd wH7|=2 ietnt =tglo] 2ed

O =2 AMdztE 4o XS ¢lsl LED =82 &85t A0, LED XHOo| i F52
Sop Mefof o|x|= dgkol st A ZAtS0| 2= AZ. MM sHES Ze ™
X #Z&29| LED ufol thet gel2(of Brgs 7(gte 2 MER 22 2o Mul7|ass 7
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NEF (Natural Enemy in First method) M8: 2% 2] %70 a|F2 o glo] HA
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- LED It 232| AZE H=e MY 0|87|=2| 1k3}: LED F99 3%
T7F Abolst 4A A (photopigment) S 7FA| 11 Q= LF ] Azt
A, A TAGA L HH T L F7)e] wE LED F99 wA =
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1% 1-4. Sunlight spectrum and spectral efficiency of insect
(www.broomstrawfarmgrowlights.com; http://cronodon.convbiotech/insect_vision.html)
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"Quality Control and Production

2HA| 7| T+(I0BC; International Organization for Biological Control, 2003)0i A

of Biological Control Agents: Theory and Testing

Procedures; & 27Hstod MA ol E& ztz2|of thet 7|&EE MAIS v AS
— IOBC MRQA (Mass Rearing & Quality Assurance) working groupOll Al 20033 & 7| &
otof| CHet updateS 2 et
- 2 oo FEI|Eel MRAZIMEST update HTO| BHF MY
- (BFU) T MY gEol| et MR EFEAIS I EX2E| 7|F2 2 7o FY|
Bol MeATIMETL SEREC] ZSATE Sof AN ot AU
(UZHSEHST 11-1390802-000729-01; 11-1390802-000876-01)
- MEsU7£2(2017)0A TGrower Guide: Quality Assurance of Biocontrol Products; 2l
HoiMol Slolg THA ERpEl oiRY, 2 Wik
Neosaiulus cucumenis Oudemans (Acarina: Phytoseiidae) QA minutes. (see figs. 1 and 2). Put a piece of black sticky tape under the
r i sieve to trap the falling mites
f? N The number of mites can be counted directly with a gnd, or if the mites
Test conditions Tn'pme Dxl*C p 3 still can walk over the ghee, kill them in the freezer (20 mimmes). Use
T0x 5% = ¥ - mldhdltwwnmmt'mn:afﬂugm The sticliness of the gloe is very
T.l!il regime: 16L:8D /f ff When the 18 not sticky many mites will walk off the tape
and onto the holders. Anmuﬁlmmmmupeuwuul
Quality control criteria black plate with a ring of pure detergent s  barrier. Mites must be killed
Quuantity The number of kve predators as specified on the label, in the feezer umediately after exuactng them. The husudity of the
udjduegg.ahmcafdﬂnm(hnﬁhmndmnﬂﬂ mllﬂ'lll:l.ll].lcl\‘u’?‘mm “‘Iﬁmﬁlwuf'ﬁ.ﬁ-l?’«ﬂ_ﬂldﬂﬂ
release systemms) mmmhend_ﬂ?ummﬁemma_itah;buhumﬂryncfmzl
Sex rtio 2 50 % females; =100, an ammoal est aaterial there may be u different total heating tiose because mites stay
Fecundity 27 egey’ fimale over  period of 7 days. Count fiom the second day of longer aterial
testmg. 030 females, an amisal test Fig. 1 Set-up of the mite extractor Fig. 2 Electric scheme of the mite extractor
Description of testing methods
Quantity Necseiwhs cuctmers is normally sold as a mix of bran, bran mites (a1 2 w T ™

food source) and the predatory mutes themselves. Both the rato of the two
mite species and the concentration can vary considerably, depending on
the product and the producer

Mdstes can be washed out of the matenal with (hot) water, though counting
1 not easy became of reflechon and difficult wenfificabon of the mite
species A mere acourste method = to we 2 "Barlsse techruque’ w
described below, \lmudmuoﬂufﬁemﬂum&ehlufa
lamp. The advantage is that the mute species are clearly visible and dead
mites will remain behind in the sieve. Make sure to allow for & "warmmg
up tume”, This grves the small bran mates the chance to walk dovnywards
befiore getting bumed. Full beat is needed to drive the predatory mutes out
of the meve.

Use matenal fom | comtamer or 4 sachets, depending on the product.
Empty the contents imto a bucket and weigh the content hMix thoroughly

with a spoon to get a homogenous mixtare. According to the density take

the following samples:
Density of N, cucumeris sample size
1000/ 5 gr Wig
500/ 5 g 05
B0/ 5gr. 1L0g
100/ 5 gr. 10g

Put the matenal directly m a smieve of § cm. diameter, 2.5 cm height, mesh
width 333 ym 4% open Spread the material as evenly & possble
Place the sieve at a distance of 4 com under & lamp of 150 Watt The
warmng up tme should take 5 mumutes. Full power for an extra 10

J% 1-7. FOlo[E o™l 10BCe HMA

=

:

Lang el

Mital nm

Y

.f et L
A -
| sy &T s Ty

—t

Fecundity
Day 0 The test is conducted on mdividual female mites m small round plastic
petri-dish trays (31 mun diameter; 15 mm beight), which can be closed
tightly. A mylon mesh is meorporated mio the hd for ventilaton. Trays are
filled with agar sclution (1%) to & depth of 5 mm. Just before the agar
solidifies & sweet leaf disc is placed with its surface in
contact with the agar. Caze should be taken to ensuze that a leaf disc hasa.
\mnﬂmhﬂnfwcggdq:oﬂmﬁmd:munhmm\hluf
disc and the agar solution 1s also necessary to prevent predatory mites
from hiding. Tharty “big" mated females of N, cucwmerls are taken from
the commercial product. An ample amount of killed fresh Ephestia
Jushviiella eggs is added as food every day. Place the trays upside down
i the climate room to simulate the natural leaf postion.

Remove the eggy Inid on the first day. Do not include them mn the total

Day 1
number of eggs laid

Z 2 32| 7| =M 2003) & 20[0|2| SO0H Zta|gket
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2E2 UM o2 =M ZH2(490~540m)0l| 7HE STt =2 &AM A (photopigment)E 7

X1 e, ctg2s At Mol S & 5= (Chapman, 1998)

- Uehara et al. (2019)2 6702] LED &-&(UV 365nm, A2 405nm, HA 450nm, =AH 525mm,
T2 590mm, H24M 660nm)oll CHeh CHEME AMF oA XtFA] LED (405nm)7t 7HFO|
2 £ go| 2 sx|g

M (Nesidiocoris tenuis)E = sk 4= 9l

- Lol = A St= O 2= X (Orius sauteri)2| 4 uwo| Mol= g ZF AT
LED@#405mm)0l| F¢lo| & =[deLt, Wo| & 72 AFM LEDECHE AtelME o M

S5to] MefMeoz CfE gha

fjo

Holcks B34 JAZ(Ogino et al. 2015).

e et 7HFO0|Fo| 42 uvet A Ho| Felo| & =

AN
Ral
@
()]
aQ
=K
o
=3
%
B

%0
:IOI__I
o
ro
0}>|-

Xt e MAQl of 2 =2 ™ (Orius sauteriy= A=A LEDO| FQl/7X 2147t =Ch=

AZZAIt UAZ(Ogino et al. 2019).

- LED(660nm, 460mnm)= si{HI27|2f 34 o|MZof QS o|x ZetMolA= Xto[7} @i

ok, Al2 gHol 0|y

o #S k7t Hotxicts 21t S (Alsanius, 2017).

Mo
ORA

Bk oA Zeloz MM LEDSR} A LEDE 16:4°2| H|S

=
15814l AL BHE HECHE AIZHE 1524 25 513Al AFSSHE ZEH 0l 291% B4t

oln

ECct= 21074 AZ(Harun et al., 2013).
HWE StP20IM XA LEDE 122442 AFESH] F2 oS0 20|15 L E 43K
o=z |G At 7L AS(Katai et al., 2015).

-AMAM EolES| 6 Sl ELIET Tuta absoluta= NHZZ EZ O 470nm2| LED

e Frrehol w2t Felso| gatxldcts 217t UF(Castresana and Puhl, 2017).

HIHF

|0

=
esl
w)
rulru

Otieno et al. (2018)2 Z-HEAlHel| == S ¢laf M 2o M
2N MEH MM E 2,781, HMEIAFHOAM = 2,180 S BSIHAE 5 USS B

EEipie=)

Zhang et al. (2020)2 LEDE 0|83l 247tF0|& HCl 28322 Rold = U2

M AlSHR =

_14_



2. T2 AT HE

- 2018 SEEH YEE YN AT FEE 3489 &y FEE, 20208~2025¢9] HAF A

AAEL 16.4%=2 o == (DunhamTrimmer®, 2019)

- 2008W~2018 2] MAH MEH ZF AT ZE 300% o)A S7HHo T, 2017W~20221 9]

AGd AAEL 104%=2 oS = (Marketsandmarkets.com, 2017)

(@]
I

3}

1S 2H& MA-LED EAHZ2 &3t

ol

GLOBAL HORTICULTURE LIGHTING MARKET
APAC

Fastest-Growing Market
By Region (2020-2030)

,r"/ 2019 \ 2030 Market

(Market Size| [ MarketSize | ({80 AES
I .

I"'\\ billion /-’ '.\ [ I|| / =

Ty - o

5 o o _—

F,

P&S Intelligence, 2020
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I 1-1. 22Y LED s & A& Z % M2 (Forest & Sullivan, Global LED Lighting Market, 2018)

T2 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024
==2% LED 5%4&
A& 4.9 54 5.8 6.4 7.0 7.5 7.7 8.2 8.5 8.8 9.2
($ Billion)

E 1-2. 20184 ME=A YA A|EHE (DunhamTrimmer®, 2019)

T2 USA/Canada | Latin America Europe Asia-Pac Rest-of-the-World
CER
A5 $ 1.2 Bn $ 0.7 Bn $ 1.0 Bn $ 0.5 Bn $ 0.08 Bn
2025

North America

South America

North America

South America

g7t A LS

a8 19, TLolM F Sk &
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3. 3H-2 BY 7| ¥E
O gl dPAIE el Faiv|ztel
£ o7 B33H= 5 32y
al. 2019)

g ol
H

NEF (Natural Enemy in First)

X&EMoz w25t AS(Ham et

gaigiHel B
2 71 zod8 SEL
%% +9 29 33 7SRRI 43 B8
A E(F) +9 29 33 271EYRAE) 65 B8
GLEE WAL BH BT | RIISYAAEE) 15 2e
o LKl 25399495 33 | AIYAAES) 23 88
SIQLEI A 25YUHE 33 | ISYAAED) 1F ue
2FUYTPE | HEEE AN L BT | WISUANER) 33 8%
(F)RLEUME HEH YA L 2 RIIFEA(ER) 4F 25
. 2 E(%) N AL Y 4E YEas 2100% o)
e elesaec) A% AN 2 2E 2710] 71905 014
SO oisepolmsols | A £ R o) 2 719
D FESMHEEE R RIISHAMEEAIAR 0200 SSE S FIISHAEHA)

O = - 20l s &5 LHE ?lsll LED ME2S

dx el 2170 (105) MEZ0| SE=HAJUS

o st HA = ot

stolo| gioLt ojg

=1 =

= 27|, 2| 5o 2/ siE5S a2 stil onf, ILfollM Follo|o| 1t of Z2
713 2Pt A= SUBI|E FGct AL JAEV|E2 Ld=olM 2Rt UZ
E 14 3 - 2 siE 2B LED MAtdR|of $1E
78 718 FoAE ol
@oflo] <l TGS LS EA7 s €8)
NeE A 15 YA§ LED B 2ug Y A48
2 rEAtolAd A Z371 HAslS EXE AlF
LA vlEl 22 siEE 7] ’
dt& Qo)ElE TE7) ”
@TH2ALE} 7| 2 A7 A 2%7] ,
Zero In High voltage insect killer ”
EH—:EBl?_ Khind Insect Killer ”
}E]%Qj‘cﬂ Trinity hygienic solution Flying insect killer ”
PIC Insect killer lightbulb ”
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B % (PIURL ) = W02010025232
g o] J3y Intelligent pest killing lamp

7le 8.9

[ Q9F] The present invention discloses an intelligent pest-killing lamp that attracts, disorients, and
ideally kills plant pests, soil insects and sanitary insects, protecting plants and crops. The invention
generates light at wavelengths between about 360nm and about 420nm with about 365nm being
preferred. The invention can also generates combinations of four colors of light. The light pulses at
frequencies ranging from about 250 to about 500 hz, disorienting pests. The invention comprises a
screw lamp base, an upper cover, a middle cover, a lamp and a control circuit board. The control circuit
board comprises a controller that controls the light pulse frequency and an oscillator that drives the
lamp. The screw lamp base is fixed on the upper end of the upper cover, the middle cover is fixed
on the lower end of the upper cover, the control circuit board is configured in a space between the
upper cover and the middle cover, and two pins on the neck of the lamp run through two holes or
hollow cylinders on the lower end of the middle cover with the two pins being attached to the control

circuit board.
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TAHE PCT 2012098484 423 HIRJsH
Indian Council of Agricultural
. . Research, Unit National Center for
E9¢/3M4 2012.01.13. / 2012.07.26. ot Integrated Pest Management Singh,
Surender Kumal Bambawale,
Omprakash
2 A ) 270 Hd] 8% AU2012208304
Wyl oA Light trap for managing insects

71E 8.9

[ Q9F] Light trap for managing insects can be used for monitoring or mass trapping of harmful insect
pests in the crops and on the other hand it is safe to most of the beneficial insects (particularly

parasitoids). It will prove an important tool of eco-friendly integrated pest management strategy..
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FNA3 CN 105265406 s ey ClSE
E9¢/3M4 2015.11.13. / 2016.01.27. 494 Huazhong Agricultural University
H 2 H el g A% -
wg o] g3 Light trap type pest trapping device
7= 89

[ RQ9F] The invention relates to a light trap type pest trapping device used for trapping pests in the
field, wherein pests are most sensitive to a light source within a specific wave band. The light trap type
pest trapping device comprises an LED lamp tube, a plurality of pest baffle plates at the periphery of
the LED lamp tube, a tunnel arranged below the pest baffle plates, a tube body in communication with
the lower part of the tunnel, and a pest collecting unit in communication with the tube body. The tube
body is provided with a plurality of escape holes. When a phototactic pest circles around the LED lamp
tube, the pest collides with the pest baffle plates to fall into the tunnel. Beneficial insects can escape
out of the device via the escape holes on the tube body, so that only pests remain in the pest collecting
unit. The above light trap type pest trapping device is simple in structure, and low in manufacture and
usage cost. By means of the device, pests are trapped, while the natural enemy is protected at the same
time. Therefore, the biological diversity is ensured. Meanwhile, the pest predicting and forecasting

function is realized. The device is high in practicality, environmentally friendly and pollution-free.
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2-1), ™A EFEZ XEM; E S UISIFCUZLISEHS: 11-1390802-001578-01, ISBN:

H 2-1. T MH 24F50 ofet thEXMel e &= I J|&EQH 9f
No. g 35 ¥ = 47129
1| E=AA HA n) ol 2 A A Bl | = female 60% (n=40)
HAE | > 22 eggs/female/7 days (n=24)
XA | > 979 spider mite/adult/day
2 ol o e A ] M) | = female 44% (n=41)
H2AE | > 26 eggs/female/7 days (n=24)
XA | > 559 spider mite/adult/day
3 A EAA | & @ | AE Auel w8 % olds 0%
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4 ol ] & &3 AH T % | AE AR 2718 F v ol
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H2AE | > 50 eggs/female/10 days (n=30)
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HAH | > 60 eggs/female/l days (n=30)
23 ofH| Xt 3 | = 75 % (n=750)
A "] | = female 45% (n=150)
HAH | > 35 eggs/female/2 hours (n=30)
24 | HYd HA LRI T T F | AE &7 B71E BT 80% ol
g A > :@1—/\4}\1};]]7} HE o]4to] 80% (n—3tﬂ)
Hed | = FAE el tg HAd 60% (n=3'Y)
2. AT SE
MHMo| E& XNot= F2 AF 7|=0| ol EstALE 2 ZIbiol| ofst 5o At CHEF MAE ™
Mo| 7| MM & ols| Ao MEstA S 0| vsks| 2 SHoKKim et al., 2009; Seo et al.,
2019). o|2{Et E& Motz oM silES WA Z3nfol| AZEO MAE M E2 ERAE M2
O 5= Ack oAM= HA MEZe 2 EZSE flet A =Tt gl & Sofl thst 22|
o ZHZF Z2elo] =0 =10 AL, MA Mol Amf 20 Fo| st+tZ M7= UCKSeo et
1, 2019). Olofl 2 AFE2 MHEATFS L} sl I AMo b= MY EZ FX|of 22| E
/et X EHME L7tsto HEOM MA 252 sl E WA &0t Zof & ot=d MM MEI|HE
sttff 25tk 2 AFE Fstct

_27_



ol
=

, 2020; &t

o
]

=2 (Orius minutus) 2 E10M(0[2}
SIACHaE 2-1).

an

=

tod &L=t LS Ephestia cautella)

5]

3. A7
g &o

2020)

s o ol ofn T WU
uo <r <r ol = — m
¢ Ko Ko 0 .M M il
w g 3 g
-+ -] m] —~
< R i r 2 U
j— OL 1 mna
- n R x:: B
= Mo _ H = g
o o A 23 s o
160 O_“_| | oK 1o - =
VR0 A o o ey K
ofr oz N_M ok g
— = _I—-Al
< oo I Y D25
Ko <D o D ) o U
o o Kk BB ol 5o o
o Nogr X Do o o 9
p __ot H_AI re) OL - H =
< O S ofu ._M1 5 o
= T o ni0 ooz
o S & oo m e oF I gy
- - i T — X =L
A v w2 0 g 5D W
AK ) = o o <
= Elll = o oK m0_| ol ilof A_._._._ _JL
N W = F & p 0N g
=2 ) L __gﬁ — oy _AO
il <r aﬂo 3 W Tl ol
= Klo - . o o mw 0
& m 0 < o I o 30
. L o3 ooz
M Wou g 3 Ko _ oo =
w2 a3 ﬁ_ﬂ o ol Rl g
v ow K [R— — = H
= ofF T |Dr\ 5 - W_A ol .___./.mo 5K
U oo 5 ® = omob oy g
0l ol o0 o+ ol ] m MA
wos ® FR I IR
<l < i ol o b K %A ® ol Al it
o o o w ¥ o= ot o RN
g W o s ® MW wF T
"W OR ORI W Wy ar I o v M T
P R~ WH o= I A © &l
N d m)

_28_

2h) SN ZEEAe iy AISAIAR e & EFRMALE 75



T — F23(20 x 30% 03

: 8D

L

600 m{

ok
2

=2
==

ol7H4 Xl

60 ~ 75 %, &F7] 16L
=H

Zlof o

cm) 2070 22 — MZ 200002 (k%

A
= 1
o
= S

o
At

4

D
S:
S

o
=

|

= 10 ¢

ol
AA

BN
__o_l.,

ofl

Kfo
ZI

ol

i

ol

o0

ez

q

Z
/3

b

2t

=
e

Al
o

H|E CiH] 98% O]

=
—

7Xl - 7

=

235 5 )8 A0l 5704 450f LIS0] B2 ~ 3

i 2,0000+2]

=7 }5

=
e

Ho
i

pijd
ol
K

~

N

.

oll

.

0

oju

/EAIE 2

=E|

=
e

Fof| cok2f

=
o

I

AH A
(i

| 87190 D, 50 H mm)

XFE
—
X}
o

o A

o] &
=3

o
L

70 £ 5 %, &=
o}

A
=1

g
2 cho} ofo| A A

oA R}

I

M

9% x|
& 270

—

y

X

<
ELl

0
4

tod ofo|AEtA W Foll=

HE[E S

(==}

(=13

3071 Of

I3 Al 45% Of|2Ato| 2HZi0|0{0F

—

: 8D

slo
=L,

=
H| S
S
—

M
S

LA E 307HA AL

o

25+ 1C &% 70 £ 5 % &F7| 16L
A}

IOBC Working group 'Arthropod Mass Rearing and Quality Control; AMRQC; Of|A{ |2t
of 27[otct 10070A o|Ate| &2

- MH|:

__.Aﬁ
I+

o0

0l
oF
i

Tof

KIr

160

A
e

2,000012| & ©B
™ 15 ~ 2070 AF

q

AL
(=}

=
=)

M
S

CHAE AP E7(7F MR E
— 29 —

0l 80%0[12 1Y

2t
=

K120 x 44 x 210 cm):

—

H

A
(b

.I

MztE7| = 12,000 ~ 16,0000 Of

- Abg



Meh. 36 ~ 40 W @&S0|L} vl =8 F242] LED AX|. Mt strtoll 18702 izt Al 27|

—_r—).

ot
N
or

Mrstol MA HME 2F 3088 o|akHE 70002 ZEFS HR)

- BRI FE SEok Mol Sofl SsiM LS| Be PGS wome AS Al M
i X
=

Bib UM s 2HTEE
H7I= P24 PR 348 77, 8058
Tel, 031-585-7448

I’“Ef é‘-' ‘IH_E E?}?_' EEEI A5 IEII

a8 2-2. AHS SOl 7[R E ESHOZLERIA AEAH

oy Shel Ay

Aol Wil s LM Bl ofpf K| R0loR WM J|Fo| FHR Waks sEFo W
YBIE B7+8 o7|5t0l 2IHoR oYMl A BF AHL0l0| HckKoh o al, 2018). o

|7F o= ol & MA 4,00001 &, st=0l= 30004 0| LAHM U209,
=50t AMzst 22[-dHAel HsfE of7|Al7|= &8 8l £0|CKCevik
and King 2002; Koh et al, 2018). Olo 2 AdAFoAM= FEE MMz LEHFEZLEXY

(Anthocoris japonicus)2| SRS CHHMo =2 {X[st= ghetg FHFSIUCHOI2E &, 2020).

7h SEIHRZ R FASAIAH JiY & ERARMAT 5
O #2HA= Aol
- A 2tAl = Portulaca sp.

- BEEA 2% 25 +3C, AUEE 60%, ZF7| 16L : 8D
— 30 —



tole] 40%(2)H)=
Of A i

=1

=]

L

Fo1 10 ~ 15 cm ZO|2 Z2}
}

Alo| X[ ofl

=

8

[=E|

=
of
o

c=

ot

L

of — e H&t

74 3a
=

o F&=X|

=2
5

of

q

- K AFRE34 x 49 x 7 cm)Oll A E 40%(ot2h)et 22

- 2| FoflAM ¢

Kk
e

4

£
__O“_H

)
<+

Klo

Ko
A

al

M 2

=

=
NES-CIREE L

=
—

FOIE] 40%(?1)

: 8D
— 7|

=1

!

(==}

F(44 x 18 cm) 27HE E O FE3|

HoF

9

27| 16L

i e Az

- 7| dotrE= 25ColM EH|

9

Fl1~2 08127} H8=ES

2

, MUSE 60 ~ 75%,

S = 2F 200 ~ 250

-

24
ol At

ATz
40 / 5C 7|=

E

10 mm 2t

=

=

e R §
ou

= Al Zul ARKH34 x 49 x 7 cm)oll AE 40%(0t2h)et 22
(Rhopalosiphum padi)O| 2f 3001 ofz2| HEE 22| 15 ~ 205 & TS LA o[X|of| £zt

B 5COlAM HMHE3s| Hotr

2| S At
=

7|34l = B2l(Hordeum vulgare)

Al
Al
- 25T 7|8

Hr
foF

oM 22[E

ol
70
ol

i

70l

Klo

HalolM EH

Toll
oll”

el

EXAF AIA| —

ol
=

=
MNAE

=
=

s E|LR RN oz

3

=

=2

2

20| 100 ~ 120012 ME7F =™ H2| =

ANEL=2 ™AL

C

A
o

T

<
ZA|

FALE A oh

AX01 7|

8

of 22 A5k,
ALE

A
n

-

Kjo
A
T
!

60 ~ 75%, ¥=7| 16L : 8D

A
=1

1. 25 + 1°C, Al

=2l Portulaca sp. 7| 4

2 w2t

2ed ke

ok

- MH w2k 50 AEE7]0 45 304 HE

Wt 13 ~ 15 om) TH B3

or
<+

Kio
0

ok

ol

-

ol

Ko
Ll

S

30 AP 7[00 2 5074

T TS E MF 5ozl 2kF 250i2))

4|

ol
=

=(1

Mo

=
1o

ok
o

Klo

70
K4
[

™

_31_



25 10T, AHEL 60 ~ 70%, =7 24D
- 2o Z7): slHol AE 40 mmel 27|20 2EE Z7(AE 90 mm, =0[ 50 mm)

- N Eet 45 10009 02| £ S7/0 YLAAAE 2 ol ofojAgtAof Hof ME Lk

- MH HE 2o MEZ2l ALSYH, FolAte S Eeld = UEE So|AtEs Hojof &
: Ry Do »
m;ztfﬂ- yeygatEEl g o0 i fron op AN
o IV Fipie ‘._h" ik 25 +BS@ g 4RE i THEY 522 F0
sesagyasenanomw  TJRITIA] 95F utoiuun new sucs n s
b BT TO0mIIN, AR e # 4005 10| 0} UOB2 W2 WE B B D)
A BRI = S ATE A
WIS FEA| PNGR MAY 7, K058 W Ry Fouig
Tel, 031-585-744 B - b R BE 0T B 2L ISR T 54 4
HEL: S W12 271 Wl 251 IR b URERES 2 e

e l--—ﬂ ﬂ-ﬁ Ii SEnl dled Ay 9k Sl o 09E :ﬁ' LR G
¥ LURE St UE .8

a8 2-3. AL SO0l 7|ME SE[UHF RS AE[A

Lh £hel ALY
2 o170l FT
AOHA

2 YA eIAtZA EASHo| Fojth SELRERARE ALSMY
ME S 9lE AIE SES 2AEICH

I8 d MM 2 HEE fls] M20lAM XMEst=0, M&0|Lt AFBEH 2L 27582 F
2 Y s HOZ[LE DX HeEf2 X ESHo] 0[St UCkSeo et al, 2019). 0| SOIA = JHE B
0| o| 8= 11 U= Sl ot XY (dphidius colemani)S 7| FHOIAM HEO| 7tsTH &= LHE7|M
, =zl s 3 Stk SolM S5otE RS S0 SRS S et e
ME2ot =2 7d22 2150 JAchkJacobson and Croft, 1998; Kim and Kim, 2003; Solarska, 2004;
Choi et al., 2009; Moon et al., 2011; Kim et al., 2012). #2F of2} &AL = FA| FLH510] 5HF

SOt HAX|Ho Z2E 16 mI7HX| 0| St W22 22{ X 20{(Langhof et al., 2005), 52 A|AXY

_32_



i IOBC

9

2

=

=

2

=Fst

= SHAXZM o|lSsHOo| Fojh S ot TC|He| i

A

FCH(Colinet et al.,, 2006; Seo et al., 2019). O|di|

8

—

o

Moz 0|27}

C

—

P
7h 2ot ZIC|He| tHFASAIAH e & FHHEAMAL 5

720 A £

[

O
oM MAlSH Z2H7|ES HIZCS R THEAL

=

-

<

Ko
[l
Rl
&
ok

o
[

Ko
A

al

A

ol

-

Ko
A

al

°F 30 ~ 5001 ot

ok

: 8D

22Oz A}

T 60 ~ 80%, &7 16L

A
=

: 23 £ 2T, ALY
E|L}

7|34l = B2l(Hordeum vulgare)
- AlE Aful:

- 22| ot &, YA O[X[of Ho|ZF FX

G o 100 of2|7}

70l

0

2|7 20U= 22l 15 ~ 20

Ko
&1

-
A
M-
H
H
Kfo
Pl

ol
70
il

i

70!

Klo

ol 224 ~|A

—

=

ZAI2E

A0 7|

SE A
2 %

| H

=
=

o0
il

ol
<+

I
o<

Kl

o
ar
<

0| Al, ==& glo| 22|
F2~30m2 85

tol, §& Al =&

Ol M I

-

Kjo
[
T
zl

60 ~ 80%, &=7| 16L : 8D

A
=

o

K
ol

ol 80% &= Mo|z

4

z A

ol
=

bt =EAe o, 2218 &2t =+

=2l

to Z7[F=4l=0lAM Mol

0o 22 —> 1 ~ 22 of 23

235

ol

o

M
__.Aﬁ
g

o0
il
)
<k

) EFE HEHA

- (25T 7|

7ol

d&0| =7 © MEZzlefol 72

_33_



- MZh 8700 AUREZ ol ofo|AEtA0 20 ME MokEkof mEt FE/AXE R 2
2

O =&ae|
IOBC Working group 'Arthropod Mass Rearing and Quality Control; AMRQC ; Ol A{ Aotst &
el =g Fstod FI|Ael 2| g

2 +2C &% 75 £ 10 % &F7| 16L : 8D

=
- WA= Z2ZET0] HAIEO A= RECH BAHLE Zotof &
o
=

- R3kg: o F £ gLk mjotck 5007HA ol Ate] M7 E Z= Al f?=+E0] 45% 0400
O &
- def: of Z7(otct dF 15070 ol4t dH|E =felsiA 45% of&to| 2tZdofofof =

- MtsE: F 4 o 13 ol AARMF 307MM EAL V|FEE S SIAXTAEE ZARIES O
=
—_

Al Amf 2 2o 243 45 e o2l 7t 6071 o &

-ME E719 g2 25| 2ol MM 252 MSHAZI= 10T LRl =&
t

X HALE EO0[5HA St7| floh FMEMEAE)E HItel =&,

oot

- M ME 2ol MEe AESEE, FoAte 52 &ele = JUTF S0[Ae2 Hojot

H&:H ﬂ'I—E—E—ﬂé‘I'!
y/7E 4

| EefaLl B g o
2§ Ofa)
fDe, EE SR

B Eabrin 2 HINE
HE T A HEER MM 2, HSE
T, J3+-585-aa3

HE EH L i E’H‘.‘ ﬂ&ﬁ 31

HHY FolipE
b ERT(E: BT W ]

a8 2-4. ALSEHO| Z[xE SotHZIC|E AEAH

o oH-

Lh B9l YAy

= AFoME ZA= AHEM 0|5530| Foft S otTCIEHES AlsME & 4L

e

_34_
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FZ3 2
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2 AT oM E MBATE Sof AUNZLERAR S FMe| FALSE

R
5CoAM 28Xz Z4/0| 7ts=E =felstichol2t &, 2020). Ding et al. (2016) 25CO|

S

ol g N AMRtS0| JHE =UCHT 25 HE o) Of Z- B 7ol &

St= O|BOf 2 -2IAf ol %Mol W= 25 = 26C(Alauzet et al., 1994), Orius similis2| 45 Al

L) A AFSR2E 28 ~ 31T, A M HAIRET 30 ~ 35C 22 21 H} 2L0{(Zhou and
Zhu, 2006) Of Z=RIZHF ALS Alol= 38 HYAS 2L #elstol =Hs= Aol S

Aoz EekElch

IOBC (2002)0fl 2|stH O Z A F= AZH[E0| 45% O|MO|HAM, 3042 14 72+ =

ARE o 278 oF oi2[7t 3070 ofatS MRtstH £2 FE ol MAMo|2t EIsh B AE

&g Mooz IEXNS Y ME:R JtsdE &geld = UJCHE 2-2). 30CAHME
9971 o] &2 Ltgksl FE 2| 7|Eol= SFYACE A M2tTt 257Toll thE| 55%00 =
ool 25C2l 2 =M 28X 40| JtsetE &ele £ AUt Lok M2 =A

ColM d&Zof £#H2 HOAMXICH & Mtz 25C T2 25%0 22otsl, 15C2
X

Oviposition period (days) Fecundity/ % ] Longevity (days)
Pre- Post- for 14 Sex ratio
Temp. o Oviposition o or 14days % of 9) 2 °
Oviposition Owiposition (Total)
. 99.9 + 20.8a
30C 34 +£0.1b 129 +40c 25+ 1.1b 490 £ 00a 52+ 08 165+ 55b
(123.9 + 25.3b)
. 90.3 + 12.6a
25C 48 £06b 289 £ 85bc 3.0+ 0.8b 531 +£26a 196 +42b 221 +43b
(222.5 + 27.3a)
. 47.6 = 13.1b
20C 10.8 £09a 40.5+93ab 33 +£0.7b 540 + 1.3a 464 £9.7a 53.8 = 15.0b
(115.1 £ 29.9b)
. 23.1 + 4.6b
1I5C 121 £ 03a 53.8+£82a 161 +52a 490 £ 0.0a 584 +£42a 928 +23.1a
(65.0 + 7.6b)




2 30T

22.32; P = 0.0003), TZ = 25TCT2t 30°COflA

i 2t 3.5802F 3.3tH

0.0020). Zhou and Zhu (20006)
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(AN

H 2-4. 57kX| 2| ol st &oiol

Moisture source”

Oviposition substrate” n Egg hatch (%)
Cork 149 Oasis, Vermlcuh‘Fe and buckwheat husk 728 + 36 a
o with water .
Cork 144 Vermiculite and buckwheat husk with 47 4+ 46 o
water
Cork 233 Oasis with water 688 =+ 41 a
Cork 157 Oasis with water (only after egg-laying) 515 £ 41 b
Cork 213 - 00 £ 00 d
Plant 166 - 716 £ 09 a
D" Cork size: 5 x 0.5 cm
? Qasis size: 6 x 2 x 2 cm, volume of vermiculite, buckwheat husk and water: 100, 225, and 30 m{
2h S| Z B 2| tHHAISAIAEH Jje 3 EXRAURMA T +5
2709l AFZIE HIFHoZ MA ALE STHM AJF Y2 SolstA & = UESF
AL AT HAEZE FF5IF2H, M ES 2 FXE s & 3thAe S22 MAZ
£ THSIUCKE 2-5, O 2-7)
25 U ELEAe EREZFSE T 2e|ed
L_xjo]
& e A} 8P Tojup e
T
N FYLYUL, SRTUE | el 20°C olsto]
Zy] 5 A8 wy
- Hol: vk 1.2 g,
AxSHE 04 ¢
- S71AE Q= 1008719 &2 ~ 32]/5)
s 1L RA A 2,0000k] 8% - )E A E
A=t -20 x 30 x 03 cm Z=43 THH] 98%0°]A}
207 33 u]g Agan
- 71E AgAE
H] 374 tAast
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Al o AFS87] Ul 223
- gylog 323 ¥ o
) = B = Z 233 A 23
| 317]4L Q= 5 ¢ 87]of] Ealst S0l Larer 0.5
404 A S22 S e R ol 'xﬂ%—
Ab= - A 31,000 m) — | T 35%4/7g< o
S5mA A4} ¢ -3
Sk Aivto e U dst 45 | ARLEATY
2l e v 3 Ue x4} ol &
Q7] ok XA w2t § ~ 95
o g 8] a7l BE ’ >=bS
3 weeks after setting - Disuse / End of
3 Set-up 4
( Mass-pruductlnn ) ( Mass-production
A

adults input
l Prey supply 3 times a week

Oviposition substrate
(0S.) provided

l 0.5. were replaced 3 times a week

After- storage

< Fushly emerged
Quallty Control

Nymphs development
l Prey supply 3 times a week
Adult collection Low temperature Field Release )
storage
Product packing

oh okl Mok

- ME AFE7110 0): MX 200002 (2 ) HBsl F 2 ~ 33| 2HHo= 2tgoH
3FZE o) 93] A2t Jts

- 27 MEFS0| 80%0| 1 1 "W 207 AMEter o, 7| g 2F 16,0000t $=2 Jts. A2t



F23(20 x 30 x 0.3 cm) 200 =
=

- 333 3F 2 AMERES o, A8 Y Z O 144000012 =2 7}

o

- 2kE ALSEY|(5 0): HolZ Lk 2 05 g+ HZT SR 01 g 225 2 202 7 ALS.
SESEA X LEE flo HZUZE 1,000 M S5

- MHMEE SAE 2,100 x 1,200 x 440 mm 3TH MU 18702 AFFEV(7F M JtsolER2
AtsAMdE 2o 4118 @Y 70002 ZEYS AR MM Tts

- HE M AL QC 2 MES AUFAB2ZE ALE

=

M AT

A HAE 75

= ATF7[goM M AT “EILRELEN MEfSEMS

EHZ tES47|H

— o -
& A
= A Bl ul
A |
Portulaca sp., B2], &, 15 ~ 35°C2 9]
- ~ aTr
5 =
1 | KHE _]:’_]:LQJ-O‘IH“I’ ﬂ]O]K] e D]_(44  Ax 3]’ iﬁed_ 1:7|_l 7]_7?_/\4%
] x 18 cm) , AHESAH34 * 49 ExF A
7‘5‘ v =
x 7 cm)
| - AHA=E : Portulaca sp.,
b geas - BRSSO | = 5] Bgtue BE
2] ~ alEe e clyl AZv 3
Sl - &7] 10 ~ 15 cm o]A} - ©F R
35 9 St
15 s - APE(1):ZF3to]H(1) - 7)1E AFSA|AE Oy
3 B 7]T&|E H]%E_EEJ EJFZ‘S— E_lgl_ 100% Z:]-/\
| - 5°COl|A] mpE Y ol ool "7t
29 | —|QrE -ou =2T1a
- Hol: 71gEIFSE st =} xTi
\:I T T O YA
4 29 - A3 AISkE o 3007 1~ 20 ge= S
o9l 2l S
‘ G L
51 31 Y 50] 23 B AlA = oA 7tA38}
o - 0’0o v
A= U RAL Ho| 2% 48 g0
R | L T = ©
30 AM-8719]
6| 31 LE R R R o P LE: 25 & 1°C
5071 FE
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AR AZE 39 _§_ =R - Y717k 36+ 14
7 100D}EJ7} =g - OEE ~ AZo| 9@ IR
HeE7] HolZ F5 | 9= 1000] ofe] 2A Jps
8 OF=7]|7F: 148 + 0.5 A Q A oF 220 + 6.9
- 70%01% 3} Al,
At o] o) 42t
N 2% 10°C, ATSE 60 ~
9 |- 508710 30 S
70%, FA271 24D
| - 29 7o AR
WA S
0 45 NG o1 A | 871 T oF 002 3 4
s s
150 days later
Natuir:I El?emy SRR { Output/dispose )
P Vs

J[{Z-H times,week)

< Substrate change >

Substrate separation

Proliferation

| (Supply food 2~3 times a week)
i

Adult collection

Pre-packing
Quality Control

After-storage
Quality Contro

Product completion
& packing

Low temperature
storage

Product

Product shi t
Quality Control roduct shipmen

-—.___.—-—-—'-'-'_.__

a8 2-8. SE[LIRFELEIX FREE(A
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Lhy £kl MARY
- 2rob=0| 80% oMY mf Ez2| BAF 200 ~ 2508 TESHH 160 ~ 20052 E2|7} ot

- HO|ZE BAIL 2,100 x 1,200 x 440mm 3TF Aol 971 2| A HY AFRK34 x 49 x 7 cm)S XA

- He| s FY G E 1000 of2| 7t HE= At JHH SIS
o 18,0000t2] =XY

- MHIE AIFE7]: 51 AFSE7(0 M5 304 HB5H 2 ~ 3 ZHHo=Z xj2teton 3F
oF |0 45002 MAF Vs, HO|ZER 2 ~ 32 ZHFH4SZ 3,000 ~ 4,000012] 52

- MAMAS SAIEZ 2,100 x 1,200 x 440mm 3EH MER| 18702 AIFE27(7F MA JtscHE

>
HH
O>-
s
>
/@)
O
Mo
=
HH
rlo
2
il
A
O
>
Hu
2
_O'L
N
=
X
o
=i
ﬁ
H1J
Ral
0

ch. @aopFCIEe] B EF wot 75

7h 2o ZC|He| FASAAY e H SEHEMAZ 5

Zeotrc|Hel MefEM s EfE HESAZ[HI FEHA2MAEE 55U CHE 2-
8| 2-9).
¥ 2-7. 2ot RIC|He EXEFSE fl 22wy
_}IE_ lFX_ql o 71 H \:H
RN AT e Y] 1L
Hel, &, F5sjoH,
A= - 15 ~ 35°C2 §A|
11 Alolx], 2F44 x 18 cm) , _
& - AR wa] FxF A
RHUR/SRH34 *x 49 x 7 cm)
- AFE():Z A 3o H(1
1 RN | )& AFQA A8 ]
713 E g2 el o .
Tl A scold nE o wop | o o B
1 ' © o - Wt Azaw
o
X g 7VERAIRE <F 30
xCle F . - e 2T ARE oF 109
3 14 aE | ~5004 2] 2of%l= B2 15 ole] g ME
' ~ 205 /E
14 - E“_:I"I Kﬂ7—1 __?‘_‘ 5_1 % _ x__]lxc_)]%E 23 :|:20C
UL RAF _
4 ~ - 37 &gt
17 - 33 1000t2] A & -
ﬁ@ ;E]yg/gio‘l% '7]_75‘}43’\(])]}1\_1—%01
s 2 A4 A% e _
50 17 . 10:1 B]go] At EoF A5 8K
6| 17 | AH | 80% A= Hojshrt E9le | AL 23 +2°C
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- o
27 53
T A
~ A5 AZFAE/AZF ol &
28 T
- AFSE7] & 9F 1,00074
28 - A= mo] ool 5 0 0] #
YAt A&87]0 B3 - SEsh ooj=
1 ~2¢ U &3}

B Set-up 3 weeks after setting
Mass-production <
Freshly emerged
adults input
l Prey supply 3 times a week
Germination plants
(G.p.) provided

l G.p. were replaced 3 times a week

> Disuse / End of
Mass-production

After-storage
Quiality Control

Larva development

Prey supply 3 times a week

Low temperature ( Field Release )
storage

Product packing

Pupa collection

re-packing
Quality Control

Product

Quality Control Product shipment

—-—-___-—-—--._-._—._

a8 2-9. SotLRC|He| ERUEAHA T

Lh B9l YAy

2ol20] 80% OlA mf 22| Xt 200 ~ 2508 E3HH 160 ~ 20052 E2|7t 2ozt

AlE ZAIE 2,100 x 1,200 x 440mm 3TH A Htol| 9702 R AXK34 x 49 x 7 cmyE M A e 5=
ol
AA .
He| st = FEAF 10001 0tz 7 ME=ACHE 78IRS M Z 2 16,000 ~ 20,0000,
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18,0000t2| ZEXY

- HE Mok AL Qe 2 ME2 MY YEAE o|SsHAL AU RIS

olI
o
4]
I

2t ZSof Z B (Z AN HME) MAXe EF EFESF
7h EHOHZ B MAIX S HFSAAIAR JHL

2 ool ME

TESIUCHE 2-8, O 2-10)

5H20] 70% W 17He] A AMKF 2 X[ 288 (500012(/9)

S E EH Portulaca sp.& SAGH AISE

P 1
Sk
}\1 OEL}F‘ _\LE:IHO]_‘:\E H]i
Portulaca sp., 4E,
o, AR Fstolw], Aolx], LYW, | 15 ~ 35°CE {4
Zy] AEiAIRT pH 5.6 ~ 7.8 A=
(34 x 49 x 7 cm)
| P - JE():ZAstolu(]) v R
gt
20 ~ | AAxo _ MY 25 + 2°C
) | | - Afei At & mA=) 7 °
Z7](10cm) 10 ~ 157 7}A]
2 Ao - 500 lux LED AZ%|,
3~ | 2n YA olR oA 8] B2 B77] 16L : 8D
37 7 18] 53Uz ¥R
RE | 15cm o4} At mA|2)7t &7 ]
40 37| =2 - e EF Az §A]
T T
_ - AT 25 £ 1°C
-1 O«

3 am - ACTAI(LI0 x 40> el A gy Uulor 12 g
S|~ RME 6,000012] 5E- AxXSHE 04 ¢ xﬂ%’
39 5 7] 1007} 33 @ ~ 38)/%)

) oH:I]—fﬂ_E 7 £ A120] gl . =

e T RS | o xa) 2154

6 40 uol 3L0f] LED ON — 20& 5, 40| <5 - 38 2A] 2o

= 2o A2 2] T e

7| 40 AE R AT 28 xﬂ%%}@]ﬁzg el
<
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Set-up Mass
production of M.E

(

adults input

Set-up Mass-
Freshly emerged > production of plants

s

l’ Dissemination
viposition substrate / and hele

(0.5.) provided /

iwater supply 1 times a week

i 0.5, were replaced 3 times a week

To rear standard sizes w
Nymphs development l ~ Field Release
Y

l Prey supply 3 times a week

Plants selection

Adult collection

¥
Pre-packing Y
Quality Control
[ Disuse :l

N

I

!

I
W

Lh B9l YAy

Rl AFRH34 x 49 x 7 cm) O & 30 ~ 40 mm ZHA 22 ZILO[siA] 4 ~ 55 Auf5tH x{ 2tof

MES 10 ~ 15 cm Portulaca sp. &7 =& Jts
AlZ MEE 210 x 120 x 44 cm 3T Mutol] 12702 RujAXZF MAY JHsShod, Rul AKX}

o

F Portulaca sp. 2 120 ~ 14070 =& 7t5. stte| Mutol| 12702 Muf MAL MM stE2 &

1,440 ~ 1,680 &7| =t Jl=s

A2t 7|7 7F A= ol - A OIXI(110 x 40 x 60 cm)0lM M= 6,000012| 5 X S5t0{ =

2 73 ol A AEt HE = US

R ol APROI| M =25t Portulaca sp. E7|= 2 ~ 32 ZF At grof WHET[of 2F 5 ~ 67 =

25 SAZ 210 x 120 x 44 cm 25 M2k 27H2| ot IR AH O|X| 7t M 7tS3t04, Portulaca

sp. 10070 HE Al, LZLEHS 0] 80%0| L (=H|E 1:1) 1Y T 1570 &ME3 S o, 7 0]
3

6,0007H & 2t = UZ. sttef Mikoll 2702 ot EH 0]

=
AE MElE X 25 SAS AtsMur & S0 22X W = 1447H( 50070 7|F)
A
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of, Sgoj{ZRCIHC|MME HMH) AR EF EZ=S dot 5
7h Zel|olHZClE MAX | CZFSAAAH J|gt
2 AFoME 7|E WHEHES CiEel £5 2SS E0|7|2Ist wots FItsl e
Ol ZIC|EE MAIXe CHESAIZ|HE LESIUCKE 2-9, O 2-11)
F 29, ZeofAC|H MAX EZ EFSIE Q& 22| g
s
JLN =1 b 1=1R=3) | 77
- §2] X} AME, FF35lolH,
o 71 P - 15 ~ 30°C2 29X
1 1 2739, Alo|X], ARt -
- XS 28] X AE
(34 x 49 x 7 cm)
- 71E AFSA|AE O]
- A E(2):ZAsto|H(1) EEE 100% 44
2 gz U . Wt gan
- OpEAR}; 7 E
1 - XPujArR} ot g Ny
~ | 8% ¥ LEHX2 _ °
s Go - E%k% ééopﬂ A
- 28 ASE0] - A9 E HAECH
4 5 70 ~ 1009 Of2] AE5= AE5st He]E7] AlA
Ha] oF 3x ®M=x - AIAFIR] AHA
5 5 - AY =0 2 22| A7 A2 23 £ 2°C
. ERCERIE - 37 nag
- ES\J% E;‘l Zﬂx—-! 7‘3_71(;_ =]/ OF S
16 i _ i
; - 20% AT ojolstrt - AlEYE = 2¢ Yo
7 Y-S o =t i} 5
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Set-up Mass-
production of N.E.
‘l' Set-up Mass-
( Freshly emerged > production of plants

adults input

*lf Dissemination
/ Germination plant% and hele
(G.pJ provided lWater supply 1 times a week

lﬁ_.p_.. were replaced 3 times a week

i To rear standard sizes
Larva development s l Field Release

lPrEy supply 3 times a week

Plants selection

Pupa collection

—————— —— -

Product packing

Lh el M

- 2Hot20] 80% Oo|&Y w He| BAF 50 ~ 607 LFESHH 40 ~ 48F2| 2|7} 2otgt

- RHEHAERE34 x 49 x 7 om) EF ME 7(21Z: 11.5 x 11.5 x 10 em; HH&: 10.5 x 10.5 x 10
cm@l ARZE E2fAE) 1270 MZfsto] MU AR S 22| 480 ~ 576F AKX TJts

- 2|

o
4»

o = 30 ~ 350127 EEJCHE FHLSHE W =& 1,200 ~ 1,68001H2],
Yo 1440012 EX
- ME 2 ZAE 1000002 2 Mol 10070 ol EZESiof St2 2 Auf &AL G Zaf ot FC|

H OMAK FO 1270 Mok Jbs

Ral
4o
x
T
ot
O
98]
[\o]
~
=
1o
I
=}
]
r
2}
o
e
_>|'_
>
O>-
B
1]
4>
50
1jo

oo 2 -2yt ot AC|H MAXMZ MYUSH Portulaca sp. 2F E2|2| CHES AT

He FEOIUCKE 2-10, O 2-12).
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 2-10. EZF3HE Qe sl
ENESS)
L = 1 1=1R=3) H| 3!
}\1 O~ \_E"I o g ]J—
- Portulaca sp., B2], A&,
P ° - 15 ~ 30°C2 SA|
S Fstold|, ¥§A87], AloJ],
1 1 BT - ARt Portulaca sp.,
ARd R
N Be] FA Y
(34 x 49 x 7 cm)
_ AF -3 335}o
$E(:2284OIA () e 25 4 2
! ug2 v -
2| ~ A N
- MR & ZA2] 7t
2 - @t Az
Z7](10cm) 10 ~ 157] 7}A]
- 500 lux LED AXA],
2 - WAV XA Portulaca
3 - ) A=7] 16L : 8D
37 sp. ol 54 e ba
- % 13 ugulE A
- 715 AR AI2E] o]
- 9g WA B EA
4| 24 TES 100% ZHA
100 ~ 1202 AZ
L
- AR LT 25 + 2°C
# L I
> N WAoo 2 e P RE-TE I
2|43}
R ERER - Age Ao
6| 28 70 ~ 1009 Of2] AE5= AE5st Be]E7] AlA
we] ofF 107} A% - A AbY
28 7‘(_]]:”_ = . O
0 A & AHLE: 23 £ 2°C
7 ~
“ SEERIEN - 37 2ag
32 _
_AXAUE o /A& AR
8 - S AR 0o i BE
U= 10:1 H]-&o] At
33
15cm o]At AbY Portulaca .
9| 37 5] ot - B AxsHA w4
Sp- & T
- ARLT: 25 + 1°C
- ZI0IR|(110 x 40 x €0 ¢
37 Aol 1 o e 12
10 ~ A 6,00001] LS
] _ | ARSE 04 g AT
39 - 15 cm &7] 1007 =2 )
o @ ~ 38)/%)
111 39 - A=t 7Y Portulaca sp. | - LED o]-&3d] AfHAIZ
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xg
_ =71 A A
A
- AEl AL @] FoflA
Folls FUEAl AeF
39 - AA29] Hojebrt 20% 9
A& =
12| ~ 2 e Hols o AlE | - 2719 FHo] oEEA]
e}
40 L7 PEE 1o 9
- AsEd = 2¢ ol
Hj &
Set-up Mass-
production of N.E. 1
Freshly emerged
adults input
Germination plants Qvipasition substrate Dissemination
{G.p.) provided (05.) provided and hele
G.p. were replaced 3 times a week 0.5. were replaced 3 times a week Water supply 1 times a week
Larva development Nymphs development . To rear standard sizes
;
Prey supply 3 times a waek | Prey supply 3 times a week T\f
Pupa collection Adult collection Plants selection

| !

. Pre-packing
Quality Control
Y

Product packing

|
O
N
[y
R
|>
o
(m
S

oo

@]

o
To
HH
i
il
3‘_'
N
H1

- RefAFRE(34 x 49 x 7 cm) Off & 30 ~ 40 mm ZHHA 22 Z{Z20|5HA 4 ~ 55 Aufj st R 2Hof|
MES 10 ~ 15 cm Portulaca sp. &7 =& Jts

- AlE THHHE 210 x 120 x 44 cm 3TH Mutofl 12702 AHujAXIT} MY JHsSShod, A ARK}
S Portulaca sp. 2 120 ~ 14070 =2 75, stLtel MEtof|l 12702 o AAF MZfstE 2

& 1,440 ~ 1,680 7| & Jt=



Mt BT 77F e obAZAHOIX|(1,100 x 400 x 600 mmOIAl A Z 600002 = HEs|
of =2 73| o|l4t Az g = AUS
R o MR A g==tSt Portulaca sp. 7| 2 ~ 3ZF M zh 2ol A 1750 2F 5 ~ 674

X

Hl

25 SAE 210 x 120 x 44 cm 2% M| 2702| ofZEAHO|X|7F MA| JhsoiH,
Portulaca sp. 10071 HE Al, YA MELSO0] 80%0| 0 (2rH|E 1:1) 1€ BT 1570 L3

fjo

mf, Aol X| & A Z 2R 2 & 36,0007H S &S = UAS. Ste| Metof| 27l 2]
ot EAHOIX] MAMsIEZ 15| M2t A, & 72,0007 & =2+ JI=s

AlE AHlE 2 25 SAE AISMEE & 2SI 22X W o] 14470( 50070 71&)

>~

L Ths

<T|4d dXH>

AL 71E d FEEE XEM 24 H M XEHAM gzt

O

4rotS0| 80% OlAY mwh 22| EXF 100 ~ 1208 Z+EsHH 80 ~ 9632 He|7t Lotgt

AlE MHlE 210 x 120 x 44 cm ST MU & 55702 W S7|(e 17.5; 20 H cm) M

--—

2e| ot g AR = 20020t YEEACHD JHESIRE O ME E 2 1,600 ~ 1,92004
2, g7 1,760012] =X

W7 & A= 1,000012] X Mol 10074 of& ZFsHof st== Aej &AL & Z ok T
H Y7 2 5500 Ytk ks

7144 HH SAE 210 x 120 x 44 cn ST AMHOIM Fof 55702 MAX, ZAY HH

SAIE 210 x 1200 x 44 cm 25F MBHIM Z|CH 14471 MAF JISStEZ AlSMEF 2 E[CY

2

MEZ Z& = {22| Portulaca sp. ¥ E2|l= HMH IS MLt AL

—

(2002 version) 1852 HMZXoj Cfet F& &felateto] HAIE
M =: I0BC Quality Control Guidelines for natural enemies
ZHOIX[oM A7 CHR2EE= Jhs(F2, T 31H 0[X])
XXt Coordinators: J. Vermeulen & 1738
M

Sty WAL (2REH 9IA), 18

Test conditions: Temperature, RH, Light regime

i
o

Description of testing methods: &% 1~3H 0| X|
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# 2-11. I0BC Quality Control Guidelines for natural enemies CH&t

Z(2002 HH)

No. sty =0
1 Amblyseius degenerans Aol 23
2 Aphidius colemani ZgopyAldd
3 Aphidius ervi oju]zld
4 Aphidoletes aphidimyza Ad=ate]
5 Dacnusa sibirica A=t L AE
6 Diglyphus isaea zute| &g
7 Dicyphus hesperus 3
8 Encarisa formosa 270l &
9 Eretmocerus eremicus 2 %Z‘S—‘?:-j
10 Leptomastix dactylopii F7TE4EE5Y
11 Macrolophus caliginosus
12 Orius spp. H—};i%xﬂ-,-,-
13 Phytoseiulus persimilis A d|o]2{-g-of
14 Neoseiulus californicus Atgto]2]-L-of
15 Neoseiulus cucumeris Qo]o]g]Lof
16 Trichogramma brassicae Hfj = upgkAro] b
17 Trichogramma cacoeciae -
18 Trichogramma dendrolimi -
¥ 2-12. dHE FEAE V&
Quality control criteria
No. B R Quantity/ Sex- . . Flight .
emergence ratio Feauudy | Wil activity ezl
1| A degenerans O O O 3 3 3
2 | 4. colemani O O O 3 B 3
3y | adult O - 3 © 3 3
. ervi
mummy ©) ©) ©) B B B
4 14 aphidimyza O O O B O B
5 | D. sibirica O O O O B B
6 | D. isaea O O O O B B
7 | D. hesperus O O O O B B
8 | E. formosa O O O 3 ) 3
9 | E. eremicus © © ©) - - -
10 | L. dactylopii © ©) ©) ©) - -
11 | M. caliginosus © ©) © © - -
12 | Orius spp. © © © - - -
13 | P. persimilis @) @) © - - ©
14 | N. californicus © © © - - ©
15 | N. cucumeris O O @) - - -
16 | T. brassicae © © © - - ©
17 | T. cacoeciae © © © - - ©
18 | T. dendrolimi @) O © - - ©
o 100 94 94 33 11 28
0 (18/18) (17/18) (17/18) (6/18) (2/18) (5/18)
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O (2003 version) 3032 Mo st ZZ &eldroto] HA[E

- XM|=: Quality Control and Production of Biological Control Agents: Theory and Testing
Procedures (ed. J.C. van Lenteren)2| 19ZF Guidelines for quality control of commercially

produced natural enemies.
- T 71S($243.05, ™A 3528 0 X, 198+ 39H| 0| X|)
- 192 XA} J.C. van Lenteren & 59

- Designers and Coordinators: J.C. van Lenteren & 329

# 2-13. Quality Control and Production of Biological Control Agents: Theory and Testing

Procedures CH&HE (2003 H{H)

No. | &9 No. | &H

2 o
1 Anthocoris nemoralis 15 Eretmocerus mundus
2 Aphelinus abdominalis 16 Hypoaspis miles
3 Aphidius colemani 17 Leptomastix dactylopii
4 Aphidius ervi 18 Macrolophus caliginosus
5 Aphidoletes aphidimyza 19 Neoseiulus californicus
6-7 Aphytis spp. 20 Neoseiulus cucumeris
(A. lingnanensis, A. melinus)
8 Chrysoperla carnea 21 Neoseiulus (Amblyseius) degenerans
2. Orius spp.
9 Cryptolaemus montrouzieri 55 (O.. laevigatus, O ii?sidiouss, 0.
majusculus, O. aldibipennis)
10 Dacnusa sibirica 26 Phytoseiulus persimilis
11 Dicyphus hesperus 27 Podisus maculiventris
12| Diglyphus isaea 28 Trichogramma brassicae
13 | Encarisa formosa 29 Trichogramma cacoeciae
14 | Eretmocerus eremicus 30 Trichogramma dendrolimi

- 19%e| #4
M=, MAL &%
Abstract
Introduction
Currently used quality control guidelines

Future additions to current quality control guidelines
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oto| HAlE

Description of quality control tests in alphabetical order
F

Acknowledgements
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9 DOPREY| Stethorus punctilum (Weise)
(HHRNE: PaEa

10 FIC|80i2| Aphidoletes aphidimyza (Rondani)
(ok2iE: Euj2ia)

11 LHEO2IE00 Meoseiuius barkeri (Hughes)
(Bofoizt: ns2 S0

12 Af=H0j2| S0 Neoseiulus califormicus (McGregor)
(Eofoit: ofafE )

12 20|0|2| S04 Neoseiulus cucumeris Oudemans
(Eofoit: 2SN

14 HH0|2|B0H Phytoseiulus persimilis Athias-Henriot
(S0t ol

15 TIZHOI2|S0H Amblyseius swirskil Athias-Henriot
[£ LRI )

16 SHTHABW Gaeolaelzps aculeifer (Canestrini)
[ L E g ]

17 %2|0/21S0H Stratiolaetaps scimitus ( )
ROt TS

714y #y

18 247HE0|FY Encarsia formosa Gahn

(S HEEU)
19 $2FD Eretmocerus eremicus (Rose)
(WE: BgEUm

20 FU2IFY Diglyphus isaea Walker
W B

21 Y@k D" Dacnusa sibirica Telenga
(WS- S

22 EHOW|EICI Aphidius colemani Vierek
(w8 2ANEH
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(WE: 23w
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ch M2E LED Zeg M3 o3} 7|Te| aolACly folE
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darsl 42 Mot 23 7|72 SotHrcd Fel&nE 5,000k 2444
LEDE XM ¢t =7 43S HESHK £2 FA2Fot v ustHU kY 2-15). =57 &

S
Z1(£0l 7 ecm)Z7t 22t 7|7+ St ool /IxIe = UEF, 20 A(BF=L0|HA| 20| A

&), 2t=, 23 x 11 x 8 cm)E &&5IUCE &§357| 7|8 Q0tA 20 ZA =8 10, flotef 7t
2 FUst 9858 E7(EX[E6 cm, RX[E9 cm, =0| 10.5 cm)E YO FUCL oluf &8

8719 MEolE XIS10 cmE AHE BMMAEUS YT, EY ME s moll 2 HUS M
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O 2-15. 23 7|+ HE AY

2h SHEN
2E MEHZI= one-way ANOVA test (SAS Institute, 2015)E O|&35+09 EAM s 20q, 2t

=AM Zogke| SA ™ XI0|+= Tukey’s studentized range test2 2 & 5+ CHType 1 error = 0.05).

Ll EAIM Ao ERmAINA Y Bl HE

ZAM MAQl FOOHE =2 (Orius minutus)2| LED 2ol st BtSE =2+elst7| 2/stod, of
LA OIXI(80 x 45 x 40 cm)Q| 25 AEh JF2= 2F Zof 2t 385nm LED 2T} CHZE (5,000 k)
22 JHE oSt MAESHe 22592 E_I.(j_al 2-16). Alse z- a2l cts X 2|2 &2lo| MAlX
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2710, 7S FRIA =S £ 2012 GB350 ALSSIIEK R 2-17). A 0IX| HiEHA 5
2 Ao M EE80 x 45 cn) ZHF B2 MZE SZH22.5 on F2)E XH 22 HHXIF 10, 20,

30, 40 cm X|HS EAISHECE M| 7 /S22 FE 10, 20, 30, 40 cm X &} =7 LY oZ2 FE
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<5,000 k> <385 nm> <405 nm> <450nm>
O3 2-19. S0i7F SR &e|Zxlo Mg LEDMEQeA Ad: &2 2+ 3cm)
3. 7 Axt
7t Zsl|opZc|Hol it LED &2 /el 3t
7h LED &&lof oigt Saotzlc|dHe| g
LED Z2of tfsh SafotTIC|He| HESS YAtEO|A MEIAEoZ Eolst Zuy(ad
2-20), 385 nm2| LED &3 (UV-A)O| CH=T2l 5000k U444 LEDECI SeiojAC|HS o B
o] Felste WS =l & £ JUCKdf = 2,8; F = 109.1; P < 0.0001). O|of| tislf H52MS
Ztele tf =72l 5000k A LEDECH &2 |9 5112 &olg £ U
F24YlZg U= 450 nm LED 22} 2542 405 nm
SHXMQ Xt A
966)

Y= 660 nme| LED

ACHdf = 2,8; F = 9.98; P = 0.0123).
Ztelel EefopHRclH FlM2 =72l 5,000k 2444 LED2}
CH450 nm: df = 2,8; F = 3.09; P = 0.12, 405 nm: df = 2,8; F = 2.18; P= 0.1
No response

LED &
Response to white LED

Rexponse to test LED
38Sam 2 - c 326+ 68b
405 nm a -_1 a 47.6+20.1a
a. -j 2 50.6 £ 15.7 a
— ]2 33.8+14.9ab

450 nm
>
&0 80 100

20 40

660 nm
&0 40 20 0
Response rate (%)

100
% 2-20. Attraction (mean + S.E.) of Aphidius colemani to LEDs of different wavelength and white
LED light (5,000 K, control) in a Y-tube experiment (choice-test). For each wavelength, means of
the test and control responses followed by the same lowercase letter do not differ significantly at o =

0.05, as determined using Tukey’s studentized range test
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LED &&of thet Zaiotac|Hel ghgS YARZO|AM HIMEIAIFE 22 5000k Y44 LED

ef H| W ZAIHFE 2-15), 385 nme| LED &&(UV-A)t FEHZ X = 450 nm LED & &0l A

|

ZeflotH ZIC|Hol|l tiet =2 7l EuE &ele = AUCKIS = 3,15; F = 5.36; P = 0.0142).

H 2-15. The rate of Aphidius colemani attraction (mean + S.E.) to LED light of three different

wavelengths and white LED light (5,000 K, control) in a Y-tube experiment (no-choice test)

Attraction Wavelength®
rate Control 385 nm 405 nm 450 nm
(%) 28.1£99b 54241252 5104120 ab 556992

*Means followed by the same lowercase letter for different wavelengths are not significantly different, as determined using Tukey’s
studentized range test (0 = 0.05).

Lh Met=l LED eS8 X3t 235 7|72 ZgoiHAC|H felsznt
A7 Aol A MEtEl 450 nm LED Z&o| g% 23 7|75 0|25t0{ 2ol RC|H
of cist 7ol 215 Eolst A1l HS SEFE FX2|FLF =72t 10~16% 2 7ol

5
Sot 871 Y7o &/&/5t /1€ F=810] BASIR 2L, ME[FoM= HHE SEe 120
=St d@lof Rel=of 8719 detez o|SE JHM = ChAl Stete 2 0| S5HA| bkt A

, FA 27t of =7 HHAIX| Mol = 20~30%2| A =0| RFSIF oLt

n
-
=2
X

s
= 8 TALF 45320] 4SS I 81.6%2 MF0| HAXHEE o, 4™ SEA

A
Holl= 12.6%2 HE0H ZFSIAUCHE 2-15)

(A) Control 100
OTrap OTop ®EMiddle m®Bottom

50

5 10 15 20 25 30 35 40 45 50 55 60 %0 120

Time after treatment (min)

ag 2221 (A
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(B) Treatment 100 - OTrap OTop EMiddle MBottom
5 [ - 5 q i
S} CEAEAmT
- I | :[_ A4 [
= I
o L [
£ 50 r
‘t - I I I I I Il
0
5 10 15 20 25 30 35 40 45 50 55 60 90 120
Time after treatment (min)
(C} Untreated 100 -
OTrap OTop BEMiddle BBottom
50
0

20 25 30 35 40 45 30 535 60 90 120
Time after treatment (min)

% 2-21. Rate of Aphidius colemani attraction (%) to (A) white LED light (5,000 K, control), (B)
450 nm LED light (treatment), and (C) without LED light (untreated) according to exposure time and

container location. Error bars represent standard deviations

H 2-16. Rate of Aphidius colemani attraction (mean = S.D.) to two LED light sources of different

wavelength and without a light source (untreated) according to exposure time

Time examined Control Treatment Untreated

(min) (White) (450 nm) (without light source) Fvalue Prvalue
5 324+83b 488+120a 38.0+34ab 4.66 0.0317
10 444+76b 60.8+90a 46.6+ 10.2 ab 4.87 0.0284
15 494+76b 634+85a 496+83b 4.86 0.0285
20 532+4.0b 69.0£69a 54.0+108b 6.61 0.0116
25 580+74a 71.2£96a 582+106a 331 0.0717
30 61.0%59ab 74.0+109a 588+03b 4.21 0.0413
i3 62.0+7.6ab To.0+=111a 594£105b 4.13 0.0431
40 642+55ab T8.8+123a 60.6£79b 571 0.0181
43 64.6+4.7h 8l.6+96a 63.6+7.8b 8.75 0.0045
50 66.6+5.9 ab 81.0+9.7a 63.0£112b 534 0.0219
33 71.2£69ab 81.0+99a 65.6+£56b 315 0.0243
60 Ti0+4.1la BlO0+127a f82+84a 254 0.1203
90 720+3.7b B54+65a 67.0£110b 7.62 0.0073
120 794434 ab R74+95a 704+67b 741 0.008
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417.55 £ 31538 b
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H 2-18. IO E -2 AZi0] MSsh= LED @ ufdtof weE 7l & 7X sutetel Znt
LED F9d X2+ +U R FA ARKE) df F P

385nm + B.P vs 5,000 k+B.P 166.11 + 208.52 a

;i_ only 385 nm vs only 5,000 k 90.22 + 82.1 a 2,26 1.42 0.2610
385 nm+ B.P vs only 5,000 k 215 £ 157.71 a
385 nm + B.P vs 5,000 k + B.P 702.55 + 208.52 a

f]_ only 385 nm vs only 5,000 k 611.88 £ 2752 a 2,26 0.39 0.6807
385 nm + B.P vs only 5,000 k 600.44 + 84.66 a

SO 7 ZZ & Zxof M8 LED 2¢S Musty| 2sf @ H2 oid=3goje| 7|x &1}
£ Eelstich 1AF AEel 2elnt MAM ZF H2JF 7 em & W, 2 3o H2|7F Hol ofd =Sof
7t 22 QIX|sX| 2ol ZE MelF 7 FeAXIL UA(YE W22 AR EICHAf = 4,44; F = 0.13; P
= 0.9701). Ololl 2k} AHoME & 2HAE 3 cn2 & ZasH A 1772l 405 2t 450

mOl| Al FX[A|ZFO| THEF BASLKAf = 4,44; F = 6.93; P = 0.0002), &= M E=t Al, ALSAI=29
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450 nm 2478 + 200.2a 78.2 + 43.1a
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Lt A fofj=la fA

ZHY LED A |

gt Ae F
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o
=2

FAH40 L x 40 W x 40 H o', 18 3-2)0ll LEDE ZAStI #50|

O o33 &5 AT 2
M AElEdz Hes

22 1AZE st 7|5

8 3-2. AQ| LED upEollA 9|
TR EI Al R Zel E=AL
Tog J|FEoR 4l THoR

Lirof MEo| MR AlZke 7|2

oot

>

Cl, HSEH7| EthoVision2 0|28t 385 nm LEDO| CHEF XX o| 7ol

o 1o

O Al&7(Zh 20219 1€ - 6"
O Aloh 2k &EI00 2 =2 M (Orius minutus), Sl 0t XTI (Aphidius colemani)
O Algd .
- X|& 9 cme| H Ez|C|Alof| 385 nm LED2} 5000k LEDE 302 St ZAISH & A& XA
259 #sS =3 &n = 10, I 3-3)
ZTAbSt¥ 20, Z=EAH(HD2101.1, Delta OHM,

HOZHE 20 cm $/0A
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- EthoVision (12 3-4)2 O|3aiAM H EZICIA| St 7|&E z2Fo|AM e ©H ol HE

7
(total distance moved), W =T (mean velocity), G 7|Z(mean duration), +& 7|7t

2t (mean turn angle), W ZF<ET(mean angular

LED(J)QF 5000k LED( E=E < 9%l 34, LEDO °| el wal Zmo| Algs
A8 zgm# ztzte| LEDI} matel ®A =eSeT S SeT e
AlAE >
248 >
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5% 7,8, 9, 10, 112 2 7A/0 AMRIE ZP st
H

_89_



O

3)

O
O
O
O
O

a2 27| steAU

< 38 3-6. | st Mx|El LEDE M

Ab BHR| > 25 >

MAalel- 2021 62 25

HE WAL 20214 8% 262 LSAIZH19A 038)

N
1=
Mo
2
x
il
1o
Hu
r>-
iz
o
HO
w
AN}
N
(9]
o]
(9]
(@]
3,
mjn
_>';
A
]
02
ok
>
nek
=
2
x
:OII__I
Oft
[m]
S
4>
mjn

- 88 25, 26, 27, 28, 290 2% 9

EOIOH 2 =2 X (Orius minutus) Z=AHEHEH

-ZEAET WY 87 AE(1 m ZHEL R 1EY HHE o MENH| Us MBI EZ-EIX oiS
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O sH&5F(AS0H7F) =AML
- AT B HE Ml Tt BXNEFE 22 474 i x|
- AET Y oerlel AES =AME
- 2t AlEofA QlejzZ MEISH Q) 3E Fote R XAt
- 58l 6,09, 10, 11, 12, 13, 15, 18, 2220 2H 7A|of| =Als
O &UoHZ =M (Orius minutus) Z=AHEHH
- SHE =Atet AlZo MAHERAE =AME
2 9,10, 11, 12, 13, 15, 18, 22& 2 7Alof| =A}g
O M2z LED ThEH385 nm)t M A (FHEOH 2 =8I AY), WHEM E(Portulaca sp. + £2)e| 17|
X & stA EI0lAM 20224 sEol| AESH(AEIE 470 AlFHFE v X5 LD LEDA 2| 7ol A
= 2= T oAlZE St MSEh
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O dalgd: 2022 68 23
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(A)

Treatment Control

*k

et LED o

(B)

Final
choice

Initial
response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

(€)

Treatment Control

ns

*k

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

(D)

Final
choice

Initial
response

< 18 3-13. BN Z=2IX Orius minutus (L.) & A

nm; D, 660 nm)oll Cfst 2+S . i =Foll=

Ayt A [EDS

ns

ns

*k

d feladt 4y

Treatment Control

Final
choice

Initial
response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Treatment Control

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

* P =< 0.05; ns, not significant; n = 20 >
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O oo 22 =71 M&Eo| A2 3852 405 nmol| CHSH | =HISED} 2| ZHMHEO| ZF &
Aoz |25l Fot RlERIt AR, 660 nmOIA = 224 2 ZHHB0| of =70 Al
o =of 7|o 23t ARS(AE 3-14)
(A) (B)
Treatment Control Treatment Control
Final Final
* choice e choice
R Initial Initial
response i response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(€) (D)
Treatment Control Treatment Control
Final Final
ns choice * choice
Initial ns Initial
ns response response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
< 8 3-14. U EZ-RIX Orius minutus (L.) 7% &2 LED IHEH(A, 385 nm; B, 405 nm; C, 450
nm; D, 660 nm)oll CHst 2rs. CH=Fol= Lt BM | EDE ALE&. **x, P < 0.001; **, P < 0.01;
* P =< 0.05; ns, not significant; n = 20 >
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2) 2N 7| =B X Nabis stenoferus Hsiao (Hemiptera: Nabidae)

O
N
uc
X
=
N
H
r
A
ne
s\
0x
Oft
10
(N
-0
HI
rn
_t':_|
0%
2
=
el
40

o|st -3 S HO|X| 2ot LED mbE

(A) (B)
Treatment Control Treatment Control
Final Final
ns choice ns choice
Initial Initial
ns response ns response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(€) (D)
Treatment Control Treatment Control
Final Final
ns choice ns choice
Initial Initial
ns response ns response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

< 18 3-15. 27| =2IX Nabis stenoferus Hsiao 247 M &Eo| LED mpZHA, 385 nm;
B, 405 nm; C, 450 nm; D, 660 nm)oll Ci{st Bt2 . O =Fo|= Lot M | FDE AFSEF #%x
P = 0.001; =, P < 0.01; =, P < 0.05; ns, not significant; n = 20 >
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gl Harmonia axyridis Pallas (Coleoptera: Coccinellidae)

3) e
O FEde 27 45°f 49 3852 405 nmoll CHeh 2| =SB 2 BSMHUE 2F SHEHSR
SoI51 ot RelEDI} AL, 660 nmoll A= 2 ZPFHS B 2 BMHS0| 25 of =70
o =ot 7|ozoot AAZ(3E 3-16)
(A) (B)
Treatment Control Treatment Control
Final Final
Kk choice *kk choice
Initial Initial
o response b response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

(€) (D)
Treatment Control Treatment Control
Final Final
ns choice wkk choice
Initial Initial
ns response * response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

< 12 3-16. 2 e Harmonia axyridis Pallas 221 M &9| LED
Qldh HHAM | FDE AF2EH xxx, P < 0.001; *%, P < 0.01;

5t 0t

nm; D, 660 nm)oll CH$F BhE . CH=Foll= Lt 2iAH
* P < 0.05; ns, not significant; n = 8 >
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O Fody =7 AFo Zd A7 AF52 FASHA 3852 405 nmoll CHet = =EHS &1 =[5
MEE 25 SAHMSZ RS =ot RAUEDIE AJYLD, 27 A F1F CtE2A| 450 nmOi| A
T xBMEEO| RolstH =of RelEZntrt ABSF. 660 nmOllA= 2 M F1L FASHA |
ZUSEL FBMHME ZF fEFOAM O Zot 7[uEZ2t AJUZ (A 3-17)
(A) (B)
Treatment Control Treatment Control
Final Final
dkk choice hkh choice
Initial Initial
*kE
** response response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(€) (D)
Treatment Control Treatment Control
Final Final
** choice * choice
ns Initial R Initial
response response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1:0 0:3 0:6 0:4 0:2 D.ID 0:2 0:4 0:6 O.IB 1:0
< O8® 3-17. el Harmonia axyridis Pallas 71 A &2| LED I}ZHA, 385 nm; B, 405 nm; C, 450
nm; D, 660 nm)oll CHst gbs. CH=Foll= L M | EDE AFEEE. ***, P < 0.001; **, P < 0.01;

* P =< 0.05; ns, not significant, n = 9 >

_98_



4) el ot X ClY Aphidius colemani Viereck (Hymenoptera: Braconidae)

O ZohHZIc|Y A7 &

A

M

452 4%

38501 A2+ T
2 7e|stA =ot

oF 2| THIS EN £ BMHE BF SAHAMES
FolE2TIt AR, 4507 660 nmOll M= = ZEHISED} 2 BEMEE ZF Of
ZFolM O Zot Z|o g3t AAJS(AE 3-18)
(A) (B)
Treatment Control Treatment Control
Final Final
b choice ns choice
vt Initial ns Initial
response response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(C) (D)
Treatment Control Treatment Control
Final Final
e choice o choice
s Initial Initial
response b response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
< I8 3-18. ZdotHZICIY Aphidius colemani Viereck

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
nm; C, 450 nm; D, 660 nm)oll CH

7 M&o| LED mhEHA, 385 nm; B, 405
Sh HE2 . tf=Foll= et el | EDE Al=2E
P < 0.01; x, P <

, P < 0.001; *=
0.05; ns, not significant; n = 20 >
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O Zdoircld =% 452 A7 d4352 g2 ol ooz ®elol =X A1, 4502

660 nmol M= ZEEHSED 2SUHME 25 tfx=7o| o Fof 7| 5zrt AAS(3H

3-19)
(A) (B)
Treatment Control
Final
ns choice
Initial
ns response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(€) (D)
Treatment Control
Final
whk choice
Initial
* response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

ns

ns

wkk

*%

Treatment Control

Final
choice

Initial
response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Treatment Control

Final
choice

Initial
response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

< I8 3-19. SdolHRIC|YH Aphidius colemani Viereck =74 A &9| LED ulZHA, 385 nm; B, 405

nm; C, 450 nm; D, 660 nm)oll Cist BFS . CH=Fo|= &

g A | EDE AFS S *xx, P < 0.001; *x

—

P = 0.01; », P =< 0.05;, ns, not significant; n = 20 >
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5) 2| ZEZ&At2| Chrysoperla carnea Stephens (Neuroptera: Chrysopidae)

O o2

ol tH=70llM & =Zof 7|ugntrt

(A)

ns

ns

(€)

ns

ns

< 18 3-20. of2]

== x}

SR 2 752 o opFolz Felol =X 244, 405 nmoilM = = SMUEE

Treatment

Control

Final

choice b

Initial

response ns

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Treatment

Control

(D)

Final
choice ns

Initial

response ns

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Treatment

Control

Final
choice

Initial
response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

Treatment

Control

Final
choice

Initial
response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

EZXKIE| Chrysoperla carnea Stephens && F&9|
nm; C, 450 nm; D, 660 nm)oll CHSF HtS. T x=Fof|l= LUt A |EDE

P < 0.01, =, P =< 0.05; ns, not significant; n = 20 >
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F 2| Jlleis koebelei Timberlake (Coleoptera: Coccinellidae)

04, 385 nmAl M= Z|

6) =HFEHY
O cFede &7 MF59| A9 3852t 405 nmoilA 25 Relo| =[A2
ZULSEDL FBSHEE 2F0|AM, 405 nmOll M | SMEETE SAMCE o5t =U=.
660 nmOl|Al= ZBSMEE0| tH=FoM O =of 7T Z7t AAS(3E 3-21)
(A) (B)
Treatment Control Treatment Control
Final Final
** choice choice
Initial Initial
h response ns response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 10 DB Dﬁ 04 02 DD 02 04 Dﬁ 08 1D
(C) (D)
Treatment Control Treatment Control
Final Final
ns choice * choice
Initial Initial
ns response ns response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 10 08 06 04 02 00 02 04 06 03 10
< a8 3-21. =222 Jleis koebelei Timberlake 271 M&o| LED TH=HA, 385 nm; B, 405 nm;
C, 450 nm; D, 660 nm)ol| CHst EFS . CHZ=Fo|l= Lt M | FDE AL +#x%, P < 0.001; *x, P <
0.01; =, P =< 0.05; ns, not significant; 12 >
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O LRty =71 MFo| A< 3852 405 nmAIM 25 72l0| =R} 209, 385 nmOllA = Z

O

MEN SO MEE 405 nmOl M= FZHESED

ﬂ
O
>
2

2EIF SAMLE 7olsHH =

=
=
2. 660 nmOoll M= =TS ED 2 BSHEME ZF =M O Zot 7L &E1F AAS(3

A AL O
2 3-22)
(A) (B)
Treatment Control Treatment Control
Final Final
* choice b choice
ns Initial Initial
response * response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(€) (D)
Treatment Control Treatment Control
Final s Final
ns choice choice

ns Initial Initial
response * response

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

< OB 3-22. 2R EHY Jleis koebelei Timberlake =71 M&9| LED IFEHA, 385 nm; B, 405 nm:;
C, 450 nm; D, 660 nm)oll CHst HF2 . CH=Fo|= Lk Al | EDE AFRE. »x+, P < 0.001; *x, P <
0.01; =, P = 0.05; ns, not significant; n = 12 >

ok
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Asobara japonica Belokobylskij (Hymenoptera: Braconidae)

F ®elol =2en,

of 4 3852} 405 nmollA 2
. 4502} 660 nm 2 FO[Al ==

ol
==}

ot AAS(32E 3-23)

—
(A) (B)
Treatment Control Treatment Control
Final Final
ok choice * choice
Initial Initial
ek response s response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
(C) (D)
Treatment Control Treatment Control
Final Final
* choice b choice
Initial Initial
* response ek response
1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0

1.0 0.8 0.6 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
o}
[ |

< O8 3-23. Hxalg|7|MH Asobara japonica Belokobylskij
St g =0 = Uk dHAd

405 nm; C, 450 nm; D, 660 nm)oil CH
P =< 0.01; », P = 0.05; ns, not significant; n = 20 >

* %
)

71 MZ&Z9o| LED #ZHA, 385 nm; B,
LEDE At2g. *x*, P < 0.001;

- 104 -



g) Ml 2o

O 782 dHof gt 7elzd S #ItoAM 385 nm7t 7+ Fel=20o] =%*20 660 nmollA=
-

7o 2ot J1A =oke. I T| eBIRls ofE ko E B

l_o
_?L
g
0[0
mjo
HI
o
Ral
b2
0
k

3-1)

< ¥ 3-1. ™ 730 st LED mEE Relgd 4 B3 @9k3F . (+), significantly

attracted to LED; (-), significantly attracted to control white light; ns, non-significant >

Name of insect Stage Sex n Preferred wavelength

385 nm 405 nm 450 nm 660 nm

Orius minutus Adult Male 20 (+) (H)(H)(H) ns )
R AR=AA) Female 20  ()(1)(H) ns ns (0
Nabis stenoferus Adult  Female 20 ns ns ns ns
(1277 v 2]
Harmonia axyridis  Adult  Male 9  (H)(H)(H) (OO (D “)
(P Female 8  (N(H(H) (D) ns OO
Aphidius colemani Adult Male 20 ns ns ()G ()G
@A) Female 20 ()(1)(h) ns OO0 OO
Asobara japonica Adult  Female 20  (H)(H)(H)  (+) ) ()G
SETEPIEN
llleis koebelei Adult Male 12 +) HEH)H)  ns ()G
SRKA ) Female 12 (N)(H)  ()(H)  ns ®
Chrysoperla carnea  Larvae N/A 20  ns ) ns ns
(212 E A 2))
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Lh A Eof=En Js dH Sof et LEp m&EE |fA1&52 1Y

1) &N ZE =B Orius minutus (L.)

< E 3-2. HEOHELBA 247 MFS| 385 nm LED mEoMe] RXIED AlE Zof >

Treatment n Arrestment time (£ sec)

Zone 1 Zone 2 Zone 3 Zone 4

385 nm 5 1980.6 = 361.47a 157.6 £ 29.19a 196.2 + 87.77a 1207.6 + 337.49a
5000k 5 6154 + 246.06b  640.8 £ 276.15a  533.4 + 291.5a 1810.4 + 464.01a

2) HEue|7| Y Asobara japonica Belokobylskij

O Hxu2|7|dd 2 452 =70 dlof 2E THollM HEAZIM | SAHH 7old2
A S(

3-3)

o0
5

>0
0jo

< ¥ 3-3. Hxu2|7| ¥y 47 AEF2| 385 nm LED oA el X2t AlY Azt >

Treatment n Arrestment time (£ sec)

Zone 1 Zone 2 Zone 3 Zone 4

385 nm 5 1,237.8 £ 609.54a 403.4 £ 371.33a 1254 £+ 123.16a  1,790.8 + 640.39a
5000k 5 834.6 £ 700.19a  96.6 £ 96.6a 50.8 + 50.8a 2,618 £ 671.19a
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Cl HSEH7| EthoVision2 0|28t 385 nm LEDO| CHEt MXo| gol 2 §X| &1 5|

O EthoVisione O|&¢ LEDA{ 2|0 t2 ZSHof 2 c2Ixje| S oiE d|w Z31} AEiof &2 - 2IXy
otZinl =71 S5 385 nm LEDOIAl ZHzh 1.842f 2.28f ZI HE|E 0|=
2

2t 22 36812t 3.08f HAS(FE 3-4)

< # 3-4. EthoVisiong& ©]&3%t LEDA|2]o] & Ao Z A9l si=mid vlw 23 (n= 10) >

Sex Light Total distance Mean velocity Mean duration Cumulative Mean turn angle Mean angular
moved (cm) (cm/s) (s) (£SE) duration (s) (deg) (+SE) velocity (deg/s) (+SE)
Female 385nm 62.7+10.3a 0.2+0.0a 144.8+34.6a 444.0+£32.8a  55.55+4.2a 1574.8+124.5a
5000k  34.4+6.4b 1.4+0.7a 22.0+4.4b 124.7425.9b  26.5+3.8b 795.5+113.8b
Male 385nm  52.0+8.0a 12.5+10.4a 213.6+38.0a 444.1+£542a 49.4+5.1a 1498.1+148.2a
5000k  24.0+6.1b 4.4+1.8a 43.3+20.9b 148.9+54.3b  28.8+5.8b 895.3+174.5b

O EthoVision2 O| 2%+ LEDMZ|o| w2 ZgjotZCc|He| dHEn

==

H H|w Z2t &SI = = 2Ry
of &2l olsHEldME SHAX Foldo| giA2Lt, MAH HE AlZH2 385 nm LEDOIA 2.5

i ZAS(E 3-5)

& 3-5. EthoVisiong 0] 8%+ LEDA|2]o] u}2 ZefoUzlcide] siEuel vjw Aat (n= 10) >

Sex Light Total distance Mean velocity Mean duration Cumulative Mean turn angle Mean angular
moved (cm) (cm/s) (s) (SE) duration (s) (deg) (+SE) velocity (deg/s) (+SE)

Female 385nm 77.9+15.1a 0.2+0.0a 132.1422.6a 435.2+34.0a 58.5+3.3a 1687.2+127.3a

5000k  53.9+9.5a 2.5+1.3a 58.0+£30.7a 173.0+41.9b 44.1+5.2b 1320.4+157.4a

2t a2 T7(et &e| A0 2] 385 nm LED A% ¥ & MA Yr H

o
£
El

1) ©7|5teA AS

O Z7/oM LED M S F HMAof ot siESUH s2E d|wst ZIt LED M| oA 2SO0 F
of A ZA J|27|7F =T Hlal O SUS(F = 6.01; df = 1, 6; P = 0.050)(1E 3-24).
St M2l & 3 A7HA| LED Me|7olM MAMo| UETt o = LiE( = 3.10; df = 7;
P = 0.017) (& 3-25)
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No. of mites per leaf

No. of Orius minutus per plant

2)

® ® LED (Observed)
——LED (Estimated)

O Control (Observed)
- - -Control (Estimated)

LED on/
O. minutus release

I

0
May 7 May 8 May 9 May 10  May 11
Date
1.4
12 I ol oLED
1.0 - l OControl
0.8 - n.s.
| I N
0.6 1 n.s.
| T
04 l j 1
I
0.2 - I
0.0
May 10 May 11 May 13
Date

Atolol M LED HS & M=ol oI5 SIS 2n Z24E £ Wet 23} 7120|794
oAl Rolet ROl WHEK| FS(TF 3-26). Lot HHo| UET YA F 3
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No. of whiteflies / 25 cm? of a leaf

2
(A) Whiteflies oLED E (B) Spider mites OLED
6 o o Control © oControl
s
£
)
° 5
4 o o - LED on/
2 O. minutus release
° ¢ i E ¢ )
3
2 °© d 2
. o 0
5 [ J
LED on/ .
O. minutus release S o o] o
(o]
0 0
Aug 25 Aug 26 Aug 27 Aug 28 Aug 29 Aug 25 Aug 26 Aug 27 Aug 28 Aug 29
Date Date
< 13 3-26. F9JolA LED A& 2 7IFol+(Ehe Aol B= Wat >
c n.s. OLED
1] i
s 30 oControl
15
[
Q l
3
Al
2 2.0 - l
g n.s. <33 3-27. ZF°lolA LED &
%) n.s. = - =
$ I S A% 5 MAe] Ug wsp
o
S 1.0 | I
: 1
s l
z :
0.0
Aug 27 Aug 28 Aug 29
Date

O ZteloflA LED &5 &= MAof| 2|5t sf YA 51tE v|uwsh At 7HF0|FollM 72lEH X0
= AKX RS 3-28). ot Ao P ok wAL = HME| & 472 XA LEDX 2|

Tof =T Atololl SAX Foldol ibS(AE 3-29)
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[T
3 %0 eLED o
E oControl
) 40 LED on/
NE O. minutus release
o 0
~
-~ 30 o
4 }
2 < 17 3-28. eQofA] LED A
7] . =
E 20 © S 3 Jl2o|go] UE ws} >
(o]
= o
s o
. o
(=)
2 10 ° ®
0 [
Sep 9 Sep 10 Sep 11 Sep 12 Sep 13
Date
3.0
m LED T Control
= 25 | Lepon
K O. minutus
E— release
w 2.0 1 ﬂ.
S
S
£
g
%)
3
S
o h «
L
o
o
=z
o N 0 © N ~ < - )
o -~ - - - N N - - -
A 99 ¥ @ @ & S B8 B
N o n n n o o

of, JHgtE MXH-LED ERES 274 ol st2A AHE(EY, H)0IM AF

) YIIEes AS

O =7|X| HM2|

Jal
un
[}
0[0

= O (Tetranychus urticae)2| U= LE= 40i2| O|st2 R = A2Lt
=T = O o|M42 2 FX[E[UCE Repeated Measure ANOVA 220l M= HE|(F = 2.45;
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df =1, 6; P = 0.169)2} A|Z+ QOI(F =1.29; df =8, 48; P = 0271)% O|StX| LUX|TH X
oF AlZte| ASENE(F = 2.14; df = 8, 48; P = 0.050)0| 725t &35t of7|X| XHa|7} &

2ol 0o YES BHE US U & USAH 3-30)

7| x| M2| = RXSOH(Tetranychus kanzawai)2| A LE+= 0.50(2] O|St2 RA| =YLt O
ETOA = O o822 FX|E ACE Repeated Measure ANOVA A0 = ME|(F = 1.12; df
=1, 6; P = 0.330)2F AlZH 22I(F = 0.48; df = 8, 48; P = 0.867), &S &-Z(F = 1.17; df = 8,
48; P = 0.347) 25 2[5t grot mf7|X| M2|7t X202 YE=E Rk ZFX| Z5IH

=g 3-31)

o 7| x| X2| 7 EHCIofZ el

2
10
HO

S UT = 0.04 - 02429 HESS 20{ FUALD EFOIA
= 0.00 — 0.082 L= HEZS 0§ FUCE Repeated Measure ANOVA A0 HME[(F =
29.64; df = 1, 6; P = 0.002)2} AlZ 2OI(F = 5.90; df = 8, 48; P < 0.001), &S XI-Z(F = 4.43;
df = 8, 48; P < 0.001) 25 72lsto{ W7|X| Mzl = U E 2| YTt He|FollA

= FAEAS3E 3-32)

12.0

Tetranychus urticae (2022)
10.0 | [ OControl OLED

8.0

6.0

4.0

No. of mite per leaf

2.0

0.0

3 0"‘1 2 3 4 6 9 13

Days from NE release and lighting

< 7 3-30. 27|5}9-200lA LED m7(385 nm)at A (RS0l 3= AH),
WA E W E(Portulaca sp. + 22])9f T7|X] 2X| & Fufo]-gofo] W= e} >
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1.8

1.5

1.2

0.9

0.6

No. of mite per leaf

0.3

Tetranychus kanzawai (2022)

OControl

oOLED

-3 o 1 2 3 4

6

Days from NE release and lighting

<27 3-31. B7[5%-20A LED mHg(385 nm)} AA RISl 2= AY), *§7 50 E(Portulaca
sp. + 22))9] B7|A] X £ ApZofe] YW we} >

0.8

0.7

0.6

0.5

0.4

0.3

No. of insects per leaf

0.2

0.1

0.0

3 0 T 1 2 3 4
Days from NE release and lighting

< % 3-32. B7|5k¢-20]A LED 2385 nm)at A

sp. + Ha])o] mi7]x] A & FSlof
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- Orius minutus (2022)
L OControl BLED
6 9 13
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>

2) &elste

O mfZ|X|] M2l = 7IF0|F MEo| Qe UE= 09 - 382 HES H0of UL =FoAM=

1.7 -5.62 2

0.62; df = 1, 7; P = 0.458)2} A|Zt 9

HE2 20| FACE SHX|TH Repeated Measure ANOVA &AM HE[(F =

df = 7, 49; P = 0.599) 25 R®2|5HX|

x| 238

O #z7|x| Mzl £ 7

= 18.3 — 48.09

(F = 457; df = 1, 7, P = 0.070)2} A|Z}

TS 3-33)

Uz WES Ho| FUch

0.73; df = 7, 49; P = 0.648) 25F 72

SHAl RFX

O =7 X X2

TOolM= 2.6 - 9.72

= 041; df =

25t

TS 3-34)

2l(F = 3.59; df = 7, 49; P = 0.003), &S & E(F = 0.79;

ot W7|x| M2|7t 7HFolF 45 EEE RS

| SHA

It Repeated Measure ANOVA =410l M X 2|

RUWF =0.79; df = 7, 49; P = 0.602), &S &E(F =

ot 7| x| M2|7t 7tFOolF 52 28 72

T ZAYS JIR0|F ¢4F9 A Y 45-892 HES 2o A =
o

| 2= HESS 2o FUch

Repeated Measure ANOVA 2420l M X 2|(F

1, 7; P = 0.544)2 A|ZF QRU(F =2.47; df = 7, 49; P = 0.030), &S &E(F = 1.11;
df = 7, 49; P = 0.370) 25 ®2|5HX|

ot WfZ| X MZ|7t 7HFOlF efEe| ZAZHol &S
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8.0

7.0

6.0

5.0

4.0

3.0

2.0

No. of insects per leaf

1.0

Whitefly adults (2022)
OControl ©OLED

-1‘[1 2 4 6

Days from NE release and lighting

< 737 3-33. 9|5t ~0A LED mHg(385 nm)at AA
Ba)o] mi7|x] HA] & 7hRolRF 452

80.0

60.0

40.0

20.0

No. of insects per leaf

0.0

< 1% 3-34. 7e]ol-~AoA LED m7g(385 nm)d} A

10 17

Whitefly nymphs (2022)
OControl @LED

-14[1 2 4 6

Days from NE release and lighting

wa))o] mfj7]x] X & 7}RolF oF
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15.0

10.0

o
o

No. of insects per leaf

0.0

Whitefly nymphs predated (2022)

OControl @QLED

.111

2 4

6 10

Days from NE release and lighting

73 3-35. 319|519 20 A LED w385 nm)wt A A (el maiay), WASWE(o)Y
ol oF%o Yw Wl >

0.05

0.04

0.03

0.02

0.01

No. of insects per leaf

He))of mi7]A] dA] & &

%s}

iy

]_

+

al

N. tenuis (2022)
OControl @LED

10

Days from NE release and lighting

 AeshA 0 LED 3

Haj)ol mj7]A] dX| =

1385 non)at AR (U, ABRE (Y
TG et e wet >
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2loll &
AHE

Y elCKBriscoe &

(=]
ok

PN =T

3
& 253-700nm<| i}

1)

(o)
=
4

X
(i}

A
=

o7

Holl A o

=
o

fCto| 2 E(LED)2| 7H

o

=

=

=]k

2005; Shimoda & Honda, 2013), 2t&t=s
U

=

X5t 252 ofAtE, FOf,
o

[

2t
t2| (Integrated pest management, IPM)

—

1E 2HE A 2] LA

Set €8 v JEoIg=T, 7|

(]
ol =

—

~

b =5hxd
o H

=2
=

£ SEH(Chapman, 1998).

I

=& AlZE A
=

o|7]

A2E 7= 3ol d2| 0| =0 2t=C0(Song

M 4% LED S
H1&d LED &

Chittka, 2001). 0| 2]
| 2000CH Of

od
o4
=<
=
o

2=

10

o
=

LED Z=I0|

—
—

=0}X| 2 %ChShimoda & Honda, 2013). [H2fA] = oip

10

o

Jjo

A 7t

ofd
=0
!
__O“_H

AlEt=| 0 = LED &3 (450, 520, 660, 450+520+660nm)<|

7L LED &8 FH7|cZ0| FR 35 HAZHo| o[x[& 2

ofd

41442

of)e| ®

L=}
o

CHEM Y, Heol

| AB A ZFZ4(2542°C,

=
—

8

C
—

r

AHET 50~60%)0 A 37| 16L:8DZ LED &3 (450, 520, 660, 450+520+660nm)E 2 5702 7

ilo| X

=<

50~60%)0l Al ZF7| 16L:8DE
Hl

[y
[= .
=X

e

A Ct 2

(25£2°C, 2l
[e)

oj(iCtctr]) RRE &Y ZZo|A XY

SR 4-1).

o
X
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12| 21

X

b

2E HM2lstR 2

he 20l et ))et

A3 o

SRS

o| z[aztol| wE
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EOIE(rHEZHE S AAet sheA =AM HAISHACE 385nme| LED & &S 180cm2| =0/of
ZHE0| MM E Weke 2 NHAIA A= F 3AZH18:00~21:00)2F H S5HCE 20|= &1} ot

A, doil4E TAIBIHON, EolEo] AT XX, 94, Ho|

F2 s wol/7lm &3 7Y

ful
=
S
o
Hﬁ
N

2 lFe wel7ln 23 FHE M= Y-tube olfactometerE O &dH (Shah,
2021) LED Z®l(385, 405, 450, 660, 450+520+660nm)Zt 7l == 7HH T ZALE Z=ASIA =3
2l 4-1), Ol 450+520+660nm(5,000K) &S =2 AF2FE Ho| AtzhE ASHAM =2(24D,
25+2°C, RH 50~60%)0ll A =2 SIUCt & sl S2 5E(HEH7HF0l, T =, i FFLtE, 228

Hetol# e, 20U, MEAZE2 30=0(U2H & 3H=EoZ A SIUCH

8! 4-1. LED LpEHe

MO 2 450nme| THupEol| thsf M= HAZ 0| X == A2 EUCt =l 7HF0l(Bemisia tabaci)

= 520nm ItEOf| &7 =EEo| w2t HAE0| S7tste BHH, 660nm-t 53| 450nm THEO| EHY|
TEE 29t HAEO| 258 M == 2SS EAUCKAF 4-2). SR = (Aphis gossypii)

660nm ItEO| LEEH P WHAEO FolXl= ZEE2 EXen, I 9 mFD(520, 450,
520+450+660nm) ZHil= 2 0|2 2O|X| LUACHIAR 4-3).

Z 2B Yl (Frankliniella occidentalis)= 520nm L}E0| =& =M™ HAS0| =OlX|L, 450nm
ozl =&MW HAS0| dM == deg2 EXUCHAE 4-4). ™ L0 Z0N (Tetranychus urticae)=
520+450+660nm ILt&o| EE A HAIEO0| FoFX|1, 520, 450nm L& EEH A HA
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of AM == g EAchaH 4-5).

- #5DAT %13 DAT %27 DAT

300

200

No. of B. tabaci adult

100

660nm 520nm 450nm 450+520+660nm

% 4-2. LED HHEHE =74 0|(B. tabaci) HAE H|
7] ¥F Lz 200i2/X 2.

FSDAT H15DAT

No. of 4.gossypii

660nm 520nm 450nm 450+-520+660nm

118 4-3. LED THEHHE Z51EISI 24, gossypii) HAIE v
x7| & Uz sol2|/Hzal.
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HT7DAT

No. of E occidentalis

660nm 520nm 450nm 450+-520+660nm

8 4-4. LED HtEOfE Z - 2ZHEINYE(F occidentalis) B4
Z71 & 2% 1002/,

2 8 2 B =8

No. of T7 urticae
82 5

A2 ul@m

660nm 520nm 450mm 450+-520+660nm

a8l 4-5. LED TbZECiE Et—'.*OI%OH(T. urticae) A=
X7 HZ L= 10ot2l/A 2.

Lt. LED &0l F2 2&E 4o o[x|= & "ot

20| RE= thx &2l(450+520+660nm) CHE| x| S2t 28, d&A 2 SPADI} Z45tn], 2H

H|

—

2 660, 520, 450nm H& ol CHal 2~48f Z7I5t0 ZAl2t= Z&E EUCKAE 4-6). 53] 520nm
7

aEol 7| =5 B2

lm

= &< tie| M &, 228, SPAD7} 242t
S M50| M= S EFCHE 4-1). u2iM AlEof| o] 28 LED &

o
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Y7 2D B9 AR & BaE0| HoX|7| w20l siE Mofoll =Xl AlziHoll =Bt

o o
of -E2 &afl &=o Y2 n|X[X| L2HA siE5S R7EY = Us =HS MFs= A
ol 5% ZHoz mtEQdch SHX[2H LED 22 (385nm)S L= F 3A|ZH18:00~21:00)2 2 | &

12 Zdol= 20[2f E0tE Y52 FX{2| tfiy] X0[E 2O|X| 2Iok(E 4-2, 3), of

x| 23t5t0 HS3shs g0l

Oft
=i
ro
Hel
[l
0f0
=
esl]
w)
o
o
N
(o]
=
2
rlo
ne
o
ol
w
>
[l
o0
S
T
>
=
=
|0
Hu

Ol X ot ZHAte| #He| 52 de o Jhe MEe ez Hete Aot

el & MA S (g) = ZH(cm) A2 (cm) A2 (cm) SPAD
660nm 6.99(96.6) 12.8(76.5) 3.4(226.7) 0.4(80.0) 44.75(90.9)
520nm 2.12(29.3) 5.1(30.5) 6.3(420.0) 0.3(60.0) 28.85(58.6)
450nm 4.18(57.7) 12.9(77.3) 4.4(293.3) 0.4(80.0) 41.65(84.6)
450+520+660nm 7.24(100) 16.7(100) 1.5(100) 0.5(100) 49.25(100)
% 16L:8D, 25£27C, 1022 F& F 212 Z2 & AL

660nm 520nm 450nm 450+520+660nm

%8 4-6. LED LtEHE =Fof wE 20| 72 4T H|IL(21DAT).
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F 4-2. LED &3 (385nm) =L Fof E 20| M5 ENM HW(ZEEY)

e =% odls @Y 9% 9E gs gt
(cm) (1) (mm) (cm) (cm) (1) (1)
x el 236.6ns 27.2ns 8.9ns 26.0ns 35.1ns 17.3ns 8.3ns
Fxe 237.2 27.1 8.8 26.1 35.0 17.4 8.2

# 4-3. LED &3 (385nm) =L~ Eof 2 EOIE M5 A dH|I(ZEAHN)
g =% = =R = E7|1=771 Btt=0|
e (cm) H) (cm) (cm) (mm) (cm)
x el 230.6ns 12.0ns 40.2ns 34.0ns 8.4ns 29.5ns
FxE| 231.1 12.1 40.1 39.8 8.5 29.7

Ch. LED Z¥¥ =2 si52 w75 53t Y

71 0|, Ssot=ZG E, HiFELY AE52 thx Z2l(450+520+660nm, 5000K) CHH| 385,

405nme| THIFE LED ZHel(UV)ol Rel=l= S40| =35I Ch LED IHElE Sl 70| M o

(e
(e
=
>
|0
uf
Hir
o
|J
o
N
-
w
(o]
(9]
=
=)

1o
m
_t':_|

et 72l 2 2= 385nm> 405nm > 450nm > 660nm > 5,0
Zh 2ol HujrtFo| ME Rel822 JiE Metst Ao

ot #ela = 385nm> 405nm > 450nm > 5,000K =22
4

.
ou

FAEIIt 50% OIStRE Rotx|= d&2 2K

200 200
150 150
160 1&0
140 120 140
120 120
Log 100
80 50 65
6100 &0
= 40 40
= 3
g ¥ 0 20 0
= 0 0
- 3550m SO00K 4050m S000K
=
o 200 200
= 180 180
2 160 160
140 140
120 120
100 100
80 80
60 60
40 o 40 25
0 - 5 20 & -
1] 0
450nm SO0OK G60nm S000K

a8 4-7. LED SpEUE EHE{7FFOl(B. tabaci) 7! B+ Bl
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*450+520+660nm.
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T 4-5. EOIE SIRA0M iU EZ SFYE Euf7}F0| ZE 2 Hlw
ZelozHE 9 ME B Lz@fiel/EY) SolF 1}
7 2l(cm) LED+Z220|E(A) L0l E-H(B) (A/B)
10~30 43 2.5 1.7
31~50 2.8 2.3 1.2
51~70 1.8 2.8 0.6
71~90 2.5 2.5 1.0
91~110 3.3 3.3 1.0
111~130 2.0 1.8 1.1
o 2.8 2.5 1.1
I 4-6. HiHYE E# el MM ZFo| st A&k
A = o Az olel/E) z3 8
MMASE
(olzl) LED+Z#0| E#(A) L0l EZH(B) (A/B)
1,500 2.5 1.5
0| Zof &2 2IxY 1.7
(100) 0.2) (0.1)
2,000 3.8 2.6
e = St == 1.7
(100) 0.2) 0.1)
750 3.0 3.5
ol 2] o 2l A 0.9
(100) (0.4) (0.5)
o 3.2 2.1 1.4
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