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o}, o] o] 59 & REL FERBEY EMHTHEEA #E ol sl (pollination) & A
qid] wrop oled BEEel gkl Sl ks A, A&, F EAE A4se FEE
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of wglekn Y. (Pimental) 1976) 5| v}, webA o] 5 dl Fo| = A&

zgolete ol F9 4 ok Aol ohE FAEH F4E Tkl Wi E =80l #
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Table 1. Benefits by insects

Production of silk, honey, beeswax, shellac, dyes, and tannic acids,
Pollination of fruits, seeds, vegetables, and flowers.

Serve as food for fishes, birds, chickens, turkeys, hogs, and human beings.
Serve as parasites and predators of harmful insects.

Serve as weed destroyers,

Improve soil texture and fertility,

Serve as scavengers.

Serve as research animals,

Serve as aesthetic and entertaiaing animals,

[N o A B < TN <, B - U ST
° . . . . . . . . .

ot

Serve as medicine (ex. maggots, honeybee sting, royal jelly, etc.)

oAl TFol AHFol vk ohd vk shedl<z e 7hx] sl Qlch A TEEFY A #45
Aol wetAl iF2 dFoe vhg F5 A o THe HEgAF SRS AHEs
3719 AF7ll debd obd R Aok oE Sy, An, AW, b Fr] e §
3 439 EF A s SR 2o Fhole 9 Wl n HAFS et 44,
TR ARl AL Ha Bl Abe F59 HulsE 28y SnrlEe] 2ol st
7 Aol o] 28 5 ok olgh wbHE ofshu &, AAlvl, W] 4o 2 £
7h HA G Aol AHE = A7 ek o vebrt f o] Fi A - kgAY

Aok A FAol FRASE AuSS BE 44 9 AFantel Yo w0 HE

o mHHIGE weisha gom obd Aol whebd FabE Ak AE o/ge ¥y 9

@ shbel Addoleba WA H32 BRI Z A ol A Fo] F FAshol 4z}
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1. 4£P8) BhBR:x (Biological control)
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A4 A

K 145, A%, ¥4 o) 5 o) 8sted Aol g Fo4

A g F7 YEF she ol o,

of Wl el FHERAE
© U AFSHY Ao QAE A& 0, aeiA] @ Ak Aok =@ @ o)
5o Asy wrdolnt Subdel oiubalo] vehix etn, @ A 2344 d Skl A

2 FHsA gom, ® AZol A3 S4olif BFLe AeiA A gich
A5k $4 EshE U E WA 2 AAzkel el7) gl

2eld SHAHE R4 g
b Qs o, AR A EE ASAAGE

HEAE Aot Sl
d AFAE R4 &L 438 e ek

2. #iEs) BHBR:E (Cultural control)

2o el A7) 2, &3, FF, maK S5, A, mE JAALS HKog
NS WANAY £ Ao HAE uste e i Fol& woich o E WA W}
BEadol £2 A5 7Y F A8 Ao

3. MRy L 9B BABRE (Mechanical and physical control)

4. Z89 BABR’E (Legal control)

%o HE Sof 9l %NS ol wele KAk (quarantine) $Fo] 93 § Ky
e oo wx oA ofm LAY HES TA

ol Aluk, W& AAsAY FUs TAHA e

st71 5. gheh,

. L&A B BREL

o el 7b2] WA RS 7h E8] AbEE & ofAl WAl Y (chemical control )22 shshofal &
Agste dl FE5S AA Fol A Fdol HshA XshAl geh o] w2 Aot e o
Ehvtar ofAl o] A Hojip ALBo| foldte] w3t oML A T 4 Urke FAH S0l At
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® A3A A AYAL f2)0) FHasich wepd ofdl HFEe W
A7k dEolgon e 4FAAE 27 dAAE nEEAEel 2750 o Be At
4 A9t

e EFel 4EA B A8 W ol YAYHE 832 ohlet A4

9 EAY AHTEE AT FolAl HQch webd AdAA 4B FHL FAohw
Al AHES 49 L wWASHo o 2 AFAH Vo A FoARES}, £E A
234l d o] Al 1Al #8 HFo2 SR ek

® wyRel 43A7 wEEHE LS 2ud B3 AR4eE At LE
HAEEo FHFELEY Aok oS u5ar] o Fol AFolt bYER) AYHe 7
Ne FE Ao woh w3 AS4el Ee FobEel AdAdA HAsHA gx LAES
dob dekrb HolAlg weh nEETelAA FAHoR ok
AnH oz Hegol Ee ARE Foblwel Bade] LFsle] Foe FRE  wolH
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Tabl 2. Number of pest species with reported cases of resistance to pesticides

as of 1975 (Gillott, 1980)

Pesticide group Nature of pest Total
Insect group
DDT Cyclo- Organo- Carba— Other Medical /' Agri-
dienes phosphates mates veterinary cultural

Acarina 21 10 32 6 13 10 33 43
Anoplura 5 3 2 5 56 5
Coleoptera 26 48 18 7 8 23 56
Diptera 91 100 40 6 4 110 10 133
Heteroptera 4 12 3 4 41 14
Homoptera 10 1 28 4 4 10 4
Lepidotera 3 32 2 12 4 52 52
Others 15 9 2 1 2 10 10 20
Total 203 225 147 36 35 139 25 364
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V. 2359 £88K 7|25 F HE

ol 4l (V) =& shsh go] 23 A%e] AFA A vizahr) A Lol AFApx] AHE
Az AU Aitge] 43Ao] A% Fel 5 e oAy Wedste # 4 g Holth
et EEEI ALHOR Aol b s £F EHE UL Wol hx o4
Bol FUg F F AL PIE AR s o F A Algol whE FAETe Ao

]

A " AHA = o,

1. E&XX AmEES (Cuticle biosynthesis inhibitors)

o B3el ABE AGHA uch e BEse %71143& %v&a a1t

H2e EaE d4sts 29 BRI (molting) 74 & 3
A3 4ol delsts B4 AWstd Aol sul £3e A4He s shx) %
@ Zoleh oAl &4 FUT i Fhe £ obx) Rold T AT A
4 Aol e

o3t FEFo| Aubsl AgAl sk olo] FEslof gl A gl gl
RSl A FU ARpEEe) g 550 Ue ulw_(%% 33 Yol &}

lf-l

v}

O O

A ololeh of 44AE Lol FAY A SREY chitinE 2E5FEelE A
§li chitin $7 o] F4FHA 23

2. B&3E22, 1 |\, ¥ #5228 ( Insect hormones, their analogues, and

anti-hormones).
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T30 Ao WEE Yool g5 28 (JH: juvenile hormones) 3 BESEZ (M
H :molting hormones) o] 3 s}t o] & Z22o|} 7 FAMH, = HIEZAE A
gt F&o] HAH #d, F A4 A{E A Rtz A2 S F Aol of
o}

=
Re A ES bR BEM (inseet growth)regulators) ¢} akof o] £ o] & 7154
Lol

5o Wuly| 2, £ Hul7)7k 452 ¢yt A (¥, metamorphosis) & W
Mot MAAHQ FEoly AFog WA AFL A sk, J HFAAIQU metho-
prene & FA 2 &, Foko] ojm| vl FF Al A FES o F&ET A Aot FUo WA
ste A o Brleh gels HAs FFA e ARgs] o gt (Staal, 1975) .,

o] Yol 5 HighF T2 EAQ Precocenes o o] £rb5- Aol dfafA & o] o5 et

3. HES|¥K (Sex pheromones)

£EEl A4S 7 AMRAE @ F7F Wpor HEdl 058 A7k A WPl 5
M gHe oA godl e FHE AR FE TF SHol @A eIz o
2 YES ol gl ATt olvlSe sel2, WS Yo HAT B FHE
2 WAlel elEch 53 SYAFoR FR4% 2w AE hiEeh YA FANE 2
5 obalo] ol SEE (4RALD S U AAR W muw Fol 2 AT Y
oF AL HE F WA Lok

wepd olsh e SUEET FEstl WA T Y4l U AFVL 27E 24
Hed, @ A3E sl AFoR TYSA, @ AR w4 EE i
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°f QMIE.

20 R#FES Walshs 27 (antimetabolites) o) v wlo] ™z A g Asjshs ¥
z,g(anufeedams)—g ol g3t HEL FAY F AUk

o A 12+ WA (allomones)ell
A BE 2715

6. AMETL A5 A3 BEUE H52) Folt Fold et Y4 E o S
o] 9} 7t 51%S (kairomones)S o] &3ted HA L $EL Folm wepd UEE EH
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che] Aol o) 85 = Heube D}-E.P_ gt

T Ha glen aFe BE #E5-wA, dE, e, 1599 Al E— 0§49 =)
Aol 5 owbar gl ghebd] ol F FAHUAEE YA o2 Wt (mutation) A7 4 Qrin
& 43l v (eradication) b7 v i & 23 5he A& %o (suppression) 7
e A AE Aol o)y e hSoll st whel o] whAlM Zap= &
7l Hel S o2 FHAEAIZ) MAES Apodao WA A Yol ZAS o4 oA
et
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1. FMHE&E M895:% (Sterile insect release method)

of ¥Rl o] &4 A7k 1955 uvlg FFA4 knipling WAl o8 o8 H A
A% o) FgdPo] Curacao 43 Florida T o Al 7}&0)) 7|4 8} screwworm }2|
(Cochliomyia hominivorax)S A3 vhd s A58t 71548 Frbo] ote A3
o] 5 (£3) 2 7kt #3Uc}, (Lachance, 1979) 2 o|% % 222 3o s vl Te-
xas A ol A A Zjo] AYPH 7 Uz MA E w2 G4 7R HFEol of
A o] WAIRE HEUE AEEo] o FoA Uk (B4). BE FHE FHEA A
AedAlel e Ak FrlB ok of 108)7) Sl Be £ MHAES P 7= AHEA
T e A9Ed 2 A9 34 o H9.(E5)

2y o] el s P sbA] fo] dojof & FAHEol Ak A A F A
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Table 3. Cost and benefits of screwworm programs in the U, S, A,
( La Chance, 1979)

(8 1,000
Year Reduction in Cost of Savings
losses & costs program
1969 $ 135,000 7,431 127,569
1972 109,000 8,023 100,977
1974 195,000 12,175 183,825
1958 - 1974 1,562,000 100,310 1,461,690

Table 4. List of insect species and areas under test of sterile insect release
programs

1. Screwworm fly, Cochliomyia hominivorax
USA (Florida, Texas), Mexico, Puerto Rico

2. Mexican fruit fly, Ceratitis capitata Anastrepha ludens USA(California)

3. Mediterranean fruit fly, Ceratitis capitata USA (California, Hawaii), Nicaragua,
Spain, Italy, Cyprus

4. Melon fly, Dacus cucurbitee, and Oriental fruit fly, D. dorsalis Mariana Islands

5. Mosquito, Anopheles albimanus El Salvador

6 . Codling moth, Laspeyresia pomonella Canada (British Columbia ), USA (Washing-
ton St)

7. Cotton boll weevil, Anthomonas grandis USA (Texas)

Table 5. Relative trends of hypothetical insect populations subjected to various types

of control (Knipling, 1968)

No control (at as- Control by kill- Control by che-~ Control by rele~
sumed 5 X increase ing agent (insec— o cterilant at ase of sterile

Generation rate) ticide) at 90% o I insects, 9:1
level 90 % leve overflooding ra-
tio for initial gen
eratin
Parent 5,000,000 1,000, 000 1,000,000 1,000,000
F, 5,000,000 500,000 50,000 500,000
F, 25,000,000 250, 000 2,500 131,580
F, 125,000,000 a 125,000 125 9,535
F, 125,000,000 62,500 6 50
Fg 125,000,000 31,250 0 0

a. Assumed maximum population for the environment.
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o, Ae, 35 7l eHe 4EHHA AT B Hof Uofof s, Aol A% F
S ARl A U HAEel vl B4R BF, 43 woldFol o
of4l £FE Ao AL ksl ool E Ar°. s, % Pkl HEE
Lol M THY S Qe e A — 7R2) S0l A2 A ol o

o

of¢ oM
ko

ol

+

slot 7bo] WAL o v} %I 7] 9aE (chemosterilants) S o &3 EES] oUF AL
49 49 $A4AAEdHo| (dominant lethal mutation) o 2}3H= Z o & Too] &3 5
A 7] drell s FAwhe] k] FAE WA A& dalstedof dhoh e} Mol
FEoll A E HoA Aok lew o) A4 o 3o WASAY B Al Leg oA
stedl, == g7E FHsted o &£ 4 Ak olF F3o| Hi 7% (chromosom
translocations, hybrid sterility, cytoplasmic incompatibility, compound chromosomes,

meioticdrive, negative heteros 5) & ¥ = ¢}z 7lc}.
2 . chromosome translocations

e et
apeps g odel Sa A dE 4 Al S e 2
Fo2 20 o (293) ¥4 $44% FHAAA @b o] (translocation) 3]
% 1
1

2
¥} we

E-ru{rz

3. Hybrid sterility 2} cytoplasmic incompatibility

\J

o LARSE Fkol v SUEHEY A QA ALk mAAl WA s RHfE mE A Y
Lol o5k Bl 4L xpAAo A o) X F glon 18] Br)G AL FHFAAA &3] o
Ehdel o9 2R B Aol #£3ES AU Foll WA StH of & hybrid sterility 2} 3}
2 HEMHRe] A EA ol A ofw Uxf W Fo H A FuA 5] WA o] & cytoplas-
mic incompatibility 2} gteh of i A fo| & &l FAHHE FAH A AAAF| oo, AL
ol Al g2 g Ao A =d o &3 4 Urh

Hybrid sterility = Algoj Y 7 F S22 X E 5 & wol w= 55U Glossina morsi-
tans complex, Anopheles maculipew’'s complex, A- gambiae complex Soll A <aiz &
Wk of 7o} A &8l Alnvt Y A

3 B%FHol sl cytoplasmic incompatibility = 27 ( Culex Dipiens ) &
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GAMETES
TYPES KARYOTYPES| FERTILES
STERILES
TRANSLOC

NORMAL | 2’00
1 2 3 .
70 A
NORMAL b o °
dd iy 1

[y - S |
[Raneeiel - Ceeaan |

R o

SINGLE ‘T’ E;;;i o] :
neterozyeote | | ] it EI 17
SINGLE ‘T’ ugp“
HOMOZYGOTE IRt '

DOUBLE ‘T’ ‘
HET EROZYGOTE

Fig. 1. Normal and translocation karyotypes for culicine mosquitoes and the
gametes produced by each Asman et al., 1981)

cherry s}2] (Rhagaletis cerasi)olA @Fsz AR @A A3} A5 U ol
vhabe] ol & Ho} AedctuA] gho vl Fedy A9 oskx &AE(Fa}, B, o,
5 %)Oﬂ o g & Fi1 U+ Hul byt (tobacco budworm, Heliothis virves-
F 1 Abe H. Subflexa 3 w4
4 # 45 HeodFoh 74 AR Fib
3¥%Wﬁ”ﬁﬁl¢A§-¥WE%QM&U%S)4ﬂ4 %x‘?ﬁ( 1 B2 ol ¢
(BC, &) AAtolt}h, o] BC && o4l shllavputs Foi a4 A W 22 2AAE
Eﬁ'%ﬁiﬁ°l%ﬂﬁ%»mOMWﬂé}ﬂ%ﬂilﬂq
o A A U dA P F3H BT ae85E 233 o 53t 7
Aol A el Sputa} zfo] & RS g g AR E ¥ K3ty 7‘]—°47‘ﬂ°ﬂ WAl
o] molste o] Bals ek zaAlA o] ALE Ful stelvtsf Aol e xaRE St.
Croix 4 (37 kmx 9.7 hm : 217.6 k) ol 4 Shj<-ibah wha] shs A1 Q2 1977 o) 4] 2}
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4 . Compound chromosomes , meiotic drive % negative heterosis

Holl4 47 & 9 & 9o &

1) Compound chromosomes : g g4l ok¥ulo] 1o &

HHA Aol & out-cross shd AHE B9 S in-cross Sh A

2) Meiotic drive : 24 2o Zb R0l A shgo] MEREIEIT At i Lof
#

G s AR el 2L AT ol gal Y5
o]

M
8) Negative heterosis : S5 54 435ol 4 2 o2zl FEAASE wihel Hatoz

HERGo) o Motz 7 folt,

1) soluh A el HYS W Aol wba,
D Y U TR we)

FeEl A - o AN S HFYRL AT F S UE YD 4N
T ololeh ol T Sxl ARl 53 wol Wi 2% o S8 Aut wol o L
2 ooHRESL WY AES ol F oE AFY Ano AP AN ATE AS
Folch olgh & ol & Z1ske) Al Ue) 4 EtY Al BF “H%i
o) §HUA7t FHofshizd] o HEE A Sl AT ek ohi 2
UE oAk oA A ol s 58 SAFE AFAL B G

)
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— 129 —



12 BRTRELHE

Table 6. Mosquito Strains Selected for Refractoriness to Vertebrate Pathogens

(Curtis, 1979)

Mosquito Species

Pathogen

Genetics of
Refractoriness

C.

tarsalis

a. Virus
Western equine
encephalomyelitis

autosmal incomplete
recessive

A, aegypti

b.Malaria parasites
P.gallinaceum

autosomal recessive

A, stephensi

P. gallinaceum

autosomal dominant

A, gambiae P. berghei polygenic
P, yoelii
A, atroparvus P. berghei intermediate
dominance
C. pipiens P. cathemerium autosomal, semidominat
C. Filariae
A. aegypti Wuchereria, Brugia sex-linked, dominant
A, aegypti Dirofilaria sex—linked, dominant
A. aegypti Waltonella sex—linked, dominant
C, pipiens Brugia sex—linked, dominant
C. p. fatigans Dirofilaria ?
C. p.fatigans Wuchereria intermediate
dominance
7. HEES (Sexing)
FAAQ wAY B3] o TF WA S ol £ W AR Sl wWabshd 4 Fol
A FE Al gol sk e ME BB 4, 54 FH M- H2)

ApshoA sieh, el A S

24 ;_ r$£

oh‘_

ATE 3
AdeiolA H Ak e
#ol (£7) & %93l

(&

=

= =

ok = e WE7e Yo
sieh. zavt #Wew 4 AAE

g Aot
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(La chance, 1979)
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Table 7. Mechanical and Genetic Sexing Methods for Autocidal Release Programs

Species

Basis

Culex pipiens fatigans
Aedes aegypti
Anopheles albimanus
Lucilia cuprina

Bombyx mori

Bombyxmori

Tetranychus urticae

Musca domestica

Anopheles albimanus

Culex tritaeniorhynchus
Anopheles gambiaes.s.(=sp.A)
Anopheles arabiensis

(= A, gambiae sp. B)
Lucilia cuprina

Mechanical Methods
Pupal size

Pupal size
Pupal size
Pupal color

Genetic Systems
Egg-color mutation +
chromosome translocation
Sex- limited translocation
Virgin females produce only haploid males
Temperature-sensitive conditional
lethals + holandric chromosome 1l1
Propoxur resistance + translocations to
sex locus chromosome + inversion
Temperature-sensitive conditional
lethal and inversion
Dieldrin resistance + translocation to
Y chromosome
Dieldrin resistance + translocation to
Y chromosme
Dieldrin resistance + translocation

Table 8. Potential Savings from Genetic Sexing Systems (La Chance, 1979)

Species Savings

%
Screwworms $ 4- $ 7 million /year
Medflies ¥ 30, million males released

Anopheles albimanus
Stable flies
Horn flies

S 4,000/ million males released
$ 100 /million males rcleased
$ 1,000 million males released

AF7ha) A3 e R e okl RA e 2o A4EA PANE L YAy
of o] $¥ FE Uz, WMol chEEFO| BElL WS AL TN geA ¥ FF



14 BRERLHE

of sl olet 3 gol I3, £& AAH (L3)o| WA E g Espdel wulolch, el of
£ ofef 7k ek o sk

= L
Q= el AlEAe ATshdel Atk Ao el B AT ol FolHof v,
7

A
:O=l=

(o]
2o
ols
ot
X
I
2
rok
[tiled
ﬂE

r;
&g
it
ol
it

EFE A%ehn, AN F AT E A5 AUt 6l g S, 2 95l ik

= Aoy ¥% Aalop Geke A, mebd A e 2 A4, ¥ E84%el e
oIt e AR Bel pelvbelol s AFE $5oh pol Aclslo] b Aol A

gqoz Aud Fol LEol 4 8ok @ Roloh HANEL A AL oelrxE
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Fol ofgh Zleae 4FA AuE whol i YT EApAFE ofof 3 Aol e,

352 WAshE oelvhal e AHE e o' vl & A 7 fAA
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|
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Table 9. Integrated pest management programs

. Cultural practices
Crop rotation
Resistant varieties

Biological control agents

Insect growth regulators

1
2
3
4
5. Selective pesticides and/ or their selective use
6
7 . Attactants and repellents

8

Genetic approaches
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New Strategies in Insect Pest Control

Kyung -Saeng BOO
Seoul National University

Abstract

We have nearly one million species of insect recorded in this earth. Moreover
they pass through three or four different stages of development ; egg, larva, pupa
and adult. All these mean that insects have evolved almost all means of physiological
and ecological adaptation to their environment.

Most of insect species live their own lives and about 15,000 species are directly
or indirectly related to human lives, Among the latter group, most are beneficial, and
only about 3,000 species are classified as harmful insects.

We have tried to control insect pests with several methods, such as cultural,
biological , mechanical, physical, legal and chemical method, The last has played the
major role, with application of large quantities of pesticides, which result in three
important ill effects ; 1. development of insect pests resistance to insecticides, 2.
outbreaks of the pests due to destruction of their natural enemies, and 3. their poten-
tial health hazard to humans and wildlife.

We need a lot of research and investment in developing alternative control met -
hods in order to avoid those unwanted effects. There are various possibilities, but, in
this paper, I discussed only two categories, physiological and genetic, which are alrea-
dy registered or have a good chance of future use.

It would be much better if we could find some strategies based an physiological
principles operating only in insects. Among this are included cuticle biosynthesis inhi -
bitors, juvenile hormones and their analogues, anti- juvenile hormones, pheromones,
kairomones, allomones, antimetabolites, and antifeedants. These chemicals are expec-
ted not to give so much troubles to man.

Genetic methods can be employed to suppress or eradicate pest populations or to
introduce genes innocuous to man into natural populations. This can be accomplished
by sterile insect release, chromosome translocations, hybrid sterility, cytoplasmic
incompatibility, compound chromosomes, meiotic drive, negative heterosis, conditional
lethal mutations, etc.

However, it must be emphasized that insect pest problems can be overcome only
by integrated pest management programs. We have to select and wisely use the best

mean(s) of pest control under a given condition .
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