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Feasibility of New Pesticide Development in Korea

Young-Sun Park

Abstract

Under the limited arable land, the enhancement of agricultural produciivity is indispensable
to provide the food demand which is concomitant with the rapid increase in population.

From this viewpoint, the upbringing and dissemination of high-yielding varieties has been
promoted continuously and several modifications in cultural practices, including heavy fertiliz-
ation, dense planting, and early transplanting, also have been gradually developed.

However, these changes in cultivation have led to the increased outbreak of insect pests
and diseases. And this unexpected results have accelerated the number and complexity of
pesticides employed as well as their consumption.

Even though pesticides are essential materials contributing to the steady production of agri-
cultural crops, large scale consumption of them has given rise to several adverse impacts,
such as mammalian hazard and/or environmental contamination.

In this respect, recent development of new pesticides has been concentrated on “safe pest-
icide”, as it were, that has the highly selective properties without unfavorable side influences
on other ecosystem.

According to literature cited up to now, feasibilities of safe pesticide development would
be summarized as two categories.

One of them is the development of chemical pesticides, which include the molecular structu
re modification of established pesticides for increased safety and synthesis of new safe chem-
icals which can attack the vulnerable point of physio-ecological characteristics in insect pests
and diseases.

The other is the biological pesticides which comprise natural enemies and microorganisms
to act selectively on confined insect pests and diseases.

In addition, improvement of physico-chemical properties of available pesticide formulations
would be one of the desirable means for safe pesticide development in view of efficacy enh-
ancement and minimization of hazardous properties.

For safe pesticide development, various approaches are feasible and needed to study,
however, long period and much financial outlay are necessary to develop a new item. And
under the present situation in Korea, there are many difficulties for performing research on
all the possible routes.

Therefore,combined pesticides by the reasonable combination of already registered pesticides

evaluated as the fairly safe pesticides and safe formulation based on their physico-chemical
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properties would be developed primarily. And many efforts would be given gradually for the

development of new chemical and biological pesticides.
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Fig. 1. Annual changes in planting density of rice
amounts of N-fertilizer production, and
incidence area of diseases and insect pests.
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Fig. 2. Annual consumption of pesticides.
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Table 1. Local pesticide technical production and self-sufficiency

1973 ' 74
Total consumption(M/T) 5,038 7,137
Local production(M/T) 137 1,445
self-sufficiency (9%) 2 15
Export(M/T) — 545

75 76 77 78 79 " 80
8,454 10,338 9,117 11,307 14,454 16,132
2,756 4,019 3,660 4, 466 7,942 9,109

39 36 39 34 51 56
364 347 153 681 590 715
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Table 2. Limitation of pesticide handling by different toxicity

Pesticide Distributor

Restricted crops Dealer

Extremely toxic pesticide Office of Supply
Office of monopoly
Office of Forestry
Agr. Cooperatives

Highly toxic pesticide No restriction except
for two extremely
toxic pesticides
(phostoxin and methyl

bromide fumigants)

Moderate toxic pesticide  No restriction

Water residual pesticide  No restriction
(captan)

Crops except for rice plant

No restriction

No restriction

Parathion EC Vegetables & Temik G-Dealer
Ometan Lq
Temik G

Fruit trees
Pine tree

certified by Office
of Forestry

Phostoxin and methyl
bromide fumigants-
national distributors and
certified importors

No restriction

No restriction

Jan on prodiciion ar
BHZ and heptachlor
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Fig. 3. Annual consumption of organomercurials
and organochlorines.
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Table 3. Chemical structure of active ingredients
in natural pyrethroid insecticide
H,C CH, CH;
N !
R’ C C
N VAN VRN
C=CH~-CH-CH-C-0-C C—-R
/ If I
H,C C H,C—C=0
R’ R
Pyrethrin [ CH, CH,CH=CHCH=CH,
Pyrethrin [ COOCH; CH,CH=CHCH=CH,
Jasmolin 1 CH; CH,CH=CHCH —-CH;,
Jasmolin [ COOCH; CH,CH=CHCH —CH,
Cinerin [ CH, CH,CH=CHCH,
Cinerin [ COOCH; CH,CH=CHCH,

j— 8 6 J—



R
O\, b
CO0R, 2

Fenvalerate

f

DK RK

Permethrin

/

COOR, COOR;

’rrans—Allefhrin

Butethrin Pyrethrin I

|
RCOQO—Y RCOO

0

Allethrin

} l

Benathrin

|

RCO O*QO_@

Phenothrin

cis-Allethrin

!
RCOO /\:%\ %@
/N — RCOO-N
G COOQ\'LJ“ “
0

Japothrin —

Chrysonthemic acid

cltothrone

5~ Benzyl-3-furylmethyl alcohol
R; t 3-Phenoxybonzyl olecohol

R 7 3- Phenoxylbenzy! aldehyde
cyannydrin

y/x\ — Br A
= MOOR >— COOR,

Br

decamethrin

0

Tetramethrin

RCOO-@—\K

RCOO0—
Prothrin

RCOOUQ  — Rtoom

Resmethrin

Propathrin

Fig. 4. Schematic diagram of pyrethroids development process
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Table 4. Structure-activity relationship in polyoxin

analogs
0 ,’
/“\// 1
T " Carbamylpolyox-
S OR2, ya aarlmmcya‘gly
&) 0 H- NH E
K ? HZNCH

1
/ H, COCONH,

Polyoxine R, R, R, Rate of chitin*

synthesis_inhibition(%)

A CH,OH P,A OH 87
B CH,OH OH OH 95
¢ CHOHOH — 0
D COOH OH OH 89
E COOH OH H 41
F COOH DP,A OH 36
G CHOHOH H 82

*treatment at 100ug/ml!
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Table 5. Variety of biological activities of some closely related phosphorus ester insecticides
Ry
>P—Y—z
Ry

R LDyo(mg/kg)

— X Y Z Common name
1 2 Oral Dermal
CH.0- CH:O- S O —< }-—NOZ Methyl parathion  9~25(rat) 300~400(rabbit)
C,H;0- C,HiO- S O " Parathion 3. 6(female rat) 6. 8(female rat)
C,HsO- <:>_ s 0 ” EPN 26(rat) 420(rabbit)
CH,0- CH,0- s (0 —CH,CH,SC,H; Dimeton-O-methyl 180(rat) —
CH;0- CH:O- 0 s —CH,CH,SC,H; Dimeton-S-methyl 64(rat) -
CH,O- CH,O0- S S 1 Thiometon 120~130(rat) >1,000(rat)
CH,0- CH:0- S 0 —< >—N02 Methyl parathion  9~25(rat) 300~400(rat)
_ /CH,
CH,O0- CH,O- S O ——<:>—NOZ Fenitrothion 800(rat) 1, 300(rat)
_ /CHs
CH,0- CH,O- S 0O —<=>—SCH3 Fenthion 225~208(rat)  330(rat)
— /N\
CH,0- CH:0- S O N /1111 —CH(CHy), Diazinon 300~400(rat) 3, 600(rabbit)
N

CH,O0- CH;0- S O —CH,CH,SC,H; Dimeton-O-methyl 180(rat) —




Table 6. Biological activity of IBP its analogs against rice blast

Eg\/\ﬂ—y—(wz)n >
R X v a Inhibition of Fung_icidal activity
mycelium growth(%) to rice blast(%)
Ethyl! 0 S 1 >80 >80
Iso-propyl 0 S 1 >80 >80
n-Butyl 0 S 3 >80 >80
Iso-propyl 0 0 1 >60 —
n-Propyl 0 0 3 >80 -
n-Butyl 0] 0 1 >80 -
Ethyl S 0 1 — —
Iso-propyl S 0 3 — —
Iso-propyl S S 1 — -
n- Butyl S S 1 - -
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Table 7. Hill reaction inhibition by triazine derivatives
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R, R, R; Common name Iso on Hill reaction
Cl NHC,H;- NHC,Hs Simazine 0.4~5.9
Ci NHC,H;~ NHCH(CH,), Aatrazine 0.25
- Cl NHC,H;- N(C,Hs), Trietarin 270
Cl NHCH(CH;),- NHCH(CH,), Propazine 0.5~4.3
- SCH; NHCH(CH;),- NHCH(CH,), Prometryne 0. 09
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Table 8. Kinds of virus used for the control of
various insects

Virus Insect

NPV Colias eurytheme
Trichloplusia ni
Heliothis zea
Neodiprion sertifer
Diprion hercynide
Malacosoma fragle
Porthetric dispar
Choristoneura fumiferana
CPV Thaumetopoca pityocampa
GIV Pieris brassicae
Pieris rapae
Hyphantria cunea
Argyrotaenia vilutinana
Clonistoneura fumiferana

PXvV Pieris rapae

Table 9. Laboratory requirements for the insect-virus production
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Insect Feed
Pint bollworm Art. feed
Common cabbage worm Art feed or

Broccoli-cotton

Gypsy moth Broccoli-cotton

Codling moth Art. feed
Common apple leaf roller  Apple tree leaves
Spruce budworm Art. feed

Citrus mites Lemon
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Virus production

Virus (virus/host insect, g)
NPV 30
NPV 43
NPV 26
NPV 30
GIV 20
GIV 10
PXV 1
NIV 1
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Table 10. Estimated expenditure for a new pesticide development by different stages (C69 USA)

Cost per one item(US§)

Probability

Overall expenditure(US §)

Development stage

Synthesis and screening 400 1:100 40, 000
Toxicological test 100, 000 1: 10 1, 000, 000
Field efficacy test 400, 000 1: 4 1, 600, 000
Inspection of compound properties 200, 000 1: 2 400, 000
Formulation investigation 200, 000 1:1.5 300, 000
and test product manufacturing
Marketing 200, 000 1:1.5 300, 000

Total 3, 640, 000

Table 11. Required items of experimental data for registration(notification) of a new pesticide

Required experimental item

Composition and physico-chemical properties of active ingredient

Technical composition and adjuvants
Stability during efficiency period
Disposal method of pesticide product
Efficacy and phytotoxicity to applied crops
Residual property in crops, soil and water
Movement in soil
Toxicity
acute oral and dermal
acute inhallation
skin, eye and intraperitoneal irritation
chronic oral, generation effect and metabolism
teratogenecity, carcinogenecity and neurotoxicity
Acute toxicity to animals and fishes
shellfish
birds
silkworm and bee
accumulation in animal body
Application standards

Residue tolerances
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Table 12. Efficacy of mixed pesticides to rice blast and brown planthopper
(unit: corrected motality (%))

Single pesticide

Combined pesticide

Pesticide - - oo .
Neck blast Brown planthopper Neck blast Brown planthopper
Isocar, G 95 75 95 88
Isocar, G 95 100 99 99
Benacar, G 65 75 92 92
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Fig. 7. Efficacy of combined pesticides

Table 13. Degradation rate of mixed pesticides

Degradatlon rate*(/a Compared to single)

Pesticide - - - — —
Funglclde Insecticide
Isocar G 0.4 --4.8
Isopox, G 1.4 --4.0
Benacar, G 1.6 6.4

* Dagradation rate after 90 days mcubatlon at 50° C
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Table 14. Toxicity of pesticides by different

formulation
Pestlclde Tech. EC WP D G
DDT 0.256 0.35 2.00 5.00 —
BHC 0.31 0.17 0.78 0.55 1.30
Fenitrothion 8.20 2.80 5.00 4.30 —
Diazinon >10.00 1.80 8.00 - -
IBP >10.00 6.70 — 12.60 —
Carbaryl >10.00 2.50 210.00 210.00 —
MCP-methyl 14.00 — 0.99 - -
Nitrefen 2.50 3.20 — — 0-90
Table 15. Efficacy of tetradifon EC and WP to
apple mites
Formulation Conc.(ppm) Mite EI;/O)Lahty LDs;(ppm)
EC 156 99.7
78 99.9 1.4
20 99.6
WP 156 38.0
78 12.0
20

9.0 >156

Table 16. Actual falling amount of some major
pesticides for rice by different

formulation
(Unit : g/10a)
Pesticide EC(WP) D G
IBP 76.8 80.0 680.0
Isoprothiolane 64.0 100.0 480.0
Diazinon 54.4 80.0 150.0
Cartap 80.0 80.0 200.0
BPMC 80.0 80.0 -
Mean 71(100) 84(118)  378(532)
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Fig. 8. Wind drift of pesticide formulation by
different mesh size

Table 17. Comparison of physical properties of
two different dust formulation

Physical property DL Dust Dust
Particle size distribution 95% 9R%
(below 300 mesh)
Average particle diameter <20u =10p
Particle distribution below <20% =50%
10x diameter
Compared cubic capacity 0.7~1.1 0.45~0.65
Flowability index <20 =50

Table 18. Adhesive amount on rice plant of DL
dust and common dust formulation

Distance DL Dust Dust

measured(m) ~'Leaf  Leaf  Leaf  Leaf
blade sheath blade sheath

20 31.2 1.6 8.8 1.1

45 52.5 4.2 17.4 1.7

75 48.7 2.9 9.8 2.6

Mean 44.1 2.9 12.0 1.8

(Unit : ppm)

Table 19. Adhesive amount of pesticide on rice

plant by aerial application of DL dust
formulation

Measured part DL Dust Dust
Dropping amount on 28.5 16.8
ridge (mg/180cm)
Average adhesive Total part 44.1 14.6
amount on rice
plant(mg/plant) Upper part 15.1 5-5
Middle part 17.8 5.4
Lower part 11.2 3.7

Table 20. Falling amount of pesticides with various
formulations for rice plant

Pesticide EC(WP) D G
IBP 76.8 80 680
Isoprothiolane 64.0 100 480
Diazinon 54.4 80 150
Cartap 80.0 80 200
BPMC 80.0 80 -

Mean 71(100)  84(118) 378(532)

(Unit : g/10a)
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W

Bk QolA HEHEY e #iEmE
AR BREs) Bele HAEE e RS
FTpmaso 2 ¥e) MAfEs o HEEER Bl AR
3 L fishel REEER R bl ERS o
AobA el Aif GRMREEC] BHENES ) A
Feol =A| ThEtsted et

et ol el AMABURES KREHEE TR
mad] WE EHES BEAA BEEREE oS i
AAA HEE @Ay B AKLERE RlAE Pl
Wi MBS 2 Qo wEd Gozd  mAEEe
HAyshs s Dokel Ad B ERERER T S
of gl Wtk Mg BiZEel ERez 9

geqehm (LR ATEGIR ) N
pssel ffiritel K Wafbeh FiEmel A MAIE
) rebEe IR T WIS IuEshe (L]
BgE 8 KHel b AR el SRS R

S e RIS /kapiagse]l BEEel Wiesto
=R} B FgEe] pERY HTTS) dEow g

e el 71AE ﬂui WAL+ e M
_fﬂsaf, £ gchtk e @ PR 2 £ gl
el Kt e EE ik
5t

o
o] Jjkol WTHESH A Z-E f2de]  PHEENE K E 7] 7R
=

e e B BW R A% FEdes B
o $ode fitiess B dedol gt

B
L&%L

wtebA BEAF
ol ke #iy

bRl Aed LR IR

sle] BAEESE ol & BAfyHiel R

PETTS @itk itk PR (s olek & Aol

o WUERC R ZAefkS HET e 2 hipiREd
Bgsel MEstE Ao uhEAE Aol

51 AR

1. Casida, J.E. 1973. Pyrethrin, the natural insec-
ticide. Academic Press, New York.

2. Elliott, M. 1976. The future for insecticide.
Needs and prospects. ed by Metcalf, R.L. and
J.J. Makelney.John Willey and Sons, New York.
pp- 163.

3. Elliott, M. 1977. Synthetic pyrethroids.
rican Chemicals Society, Washington, D.C.

4. Elliott, M. etal, 1972. Metabolic fate of pyret-
hrin [, pyrethrin [ and allethrin administ-

Ame-

ered orally to rats. J. Agri. Food Chem. 20:

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

. Elliott, M, N.F. Janes and C. DPotters

300~313.
1978,
The future of pyrethroids in insect control.
Ann. Rev. Entomol. 23 : 443~469.

MEHZEHE. 1979 ¥V A w4 PR w0 L
E{ER Y. R, 33 : 348~355.

TBAk—d, 1981. B  EAMERD B LT
B EEEEE #50 AR pp. 145~146.

Aodv] 1982. wlAE AFA Y AL ol &Y. £
#al WdpiRit 3(9) 1 256~34.

ANBAFE. 1978, RO F F v &G HELUER - Y
B 32 ¢ 447~454.

ABFHT 1970 ApigEd o < B
32 : 447~454.
JURE B R HEE
AEZIAE pp- 162
w4 7mhS e B E. 1975, ~ 4 7R h S
A RSO T

Matsui, M. and I. Yamamoto 1971.
occuring insectieide. ed by Jacobson, M.
D.G. Grosby. Dekker, New York. 93 pp.
Metcalf, R.L. 1955. Organic

itk 1%ED3

e, 1967, MRRICHT 5

Naturally
and
insecticide, their
chemistry and mode of action. Interscience,

New York, 37 pp.

B HOKFERTZS . 1970, AR 44408 W% DRt
B BT A

BRAE T RS, 1982, RRARIEHL

KFRiEv]. 1972. N-7o 7 3 /7 BRONYREE
SEINEIPERL. TR L. 46 @ 219~224.

KAHBED]. 1972. N-v =FwF - —7 I JHZ

X B Wi T O BERE. H Bk, 46 : 225~231.
Roseman, T.J. and S.H. Yalkosky. 1976. Cont-

ed by

symposium

rolled release polymeric formulations.
Paul, D.R. and F.W. Harres. ACS
Series. American Chemicals SOC., Washington
D.C. pp. 33.

IEEREE, ARMIRS, HEGIE. 1974 430 d D
W BET N-v . FeFA T 3/, N-F 751
73I0, N-ZAFAT I/ BBICT I/ B
AF DS, HEL. 48 1 515~519.
Siegel, M.R. and H.D. Sisler. 1977.
Dekker Inc.,

Antifungal
Compound. Vol. 2. Marcel New
York. 277 pp.

TikE(i2E 1974 HMBIER L LEOD
WA 28 : 206~210.

IR, HoRPRRE, YetEiE—.

W I EY

1972. 7 % 7B,



. Verloop A and C.D. Ferrell. 1977.

NS AT LRI N-7 L FeF a7 3
DG B ERARILEENL. T k. 46 © 309~
312.

Pesticide
chemistry in the 20th centuryed. by Plimer,].R.
American Chemiscal SOC., Washington, D.C.

237 pp.

25.

26.

27.

Worthing, C.R. 1970. The Pesticide manual.
6th edition. British crop protection council.
I, AL, 19760 ke L A= R(T)
LA E LMy, 14 427~556.

HIAA, RV -. 1979, #3459 1 > LBHBEG S
Y7 M =gt i, HoAR. pp. 336, 1058.



