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FOREWORD 

'There are no toxic chemicals. just toxic uses of them. Even table sait could kill you, 
if you use too much of it. We should expect to continue using more potentially harmful 
compounds because their benefits far outweigh their detrimental effects" 

Lindsay, U.S. Food and Drug Administration 

The International Seminar on "Recent Developments in the Field of Pesticides and their 
Application w Pest Control in China and other Developing Countries uf che Region" heltJ 
at Shenyang. China from October 8-12. 1990, commemorated the formal inauguration of 
the Bio-assay Laboratories at Shenyang Research Institute. Established with the generous 
financial assistance of UNDP. the Government of the United Kingdom of Great Britain 
and Northern Ireland through a contribution to the Industrial Development Fund main· 
tained hy UNIDO. and the Government of China, the laboratories bear testimony to the 
effectjveness of multilateral co-operation. Multilateral endeavours of this kind in the field 
of agrochemicals are of paramount importance to China, and the Pacific region where more 
th:m half the world's population depends on agriculture for their livelihood. 

With the annual rate of population growth in the developing countries approaching 
25 per cent, agrochemicals offer an effective means of increasing agricultural production 
to meet the growing demand for food. A vital component in the food production chain, they 
should he judiciously appiied. International agencies such as UNIDO should thus devote 
particular attention to promoting technologies related to pesticides that are safe to produce 
and use, pose no threat to human health and do not disrupt the environment. 

The Seminar has given an ideal opportunity to countries from North and South alike 
to discuss recent developments in pesticide technology, exchange experience and pave the 
way to further collaboration in making pesticides environmentally safe. 

We had the honour to welcome to the Seminar participants from companies and 
institutions of renown that have contributed directly or indirectly to major changes in 
pescicide technology. We are confident that the Seminar will contribute appreciably to 
closing the gap he tween the developed and developing countries in this crudal area, yielding 
henefits to hoth the liost country and the other developing countries in the region. 

A. Tcheknavorian-Asenbauer 
Director, Industrial Operations 

Tech noloh'Y Division 
UNIDO, Vienna 
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INTRODUCTION 

There is great concern about the use of pesticides. but without chem mankind would 
continue to lose a third of its food production due to pests and most of this loss would 
continue to take place in the developing countries where food is needed most. During the 
last 25 years. pesticide technology has gone through a revolutionary change and is moving 
from bulk chemicals to speciality or fine chemicals. These changes include the invention 
of highly active pesticides, newer and safer formulations and novel application techniques. 
Complex data are required for the registration of pesticides and to recognize problems 
related to pest resistance and damage to the environme,nt owing to misuse of pesticides. 

The Seminar marked the inauguration of new facilities for pesticide research at the 
~henyang Research Institute of Chemical Industry. This Institute was founded in 1949 and 
was one of the earliest chemical research organizations for industry in China, covering many 
needs. Research and development of pesticides began there in 1952. Many activities have 
since devolved to other centres and today the research concentrates on pesticides. dyestuffs 
and other fine chemicals. 

A programme of assistance by UNIDO/UNDP and the-Government of the United 
Kingdom was evolved and included help through technical visits, training fellowships and 
provision of equipment. The Chinese Government committed large resources to buildings, 
services and staffing. The first phase provided modern facilities for toxicology and safety 
evaluation of pesticides. The second phase, now completed, provides facilities for the 
biological evaluation of new pesticides in laboratory and glasshouse experimentations. In 
the Institute, as a whole, the research spans the spectrum of discovery and synthesis of novel 
pesticides together with investigation of performance, safety, formulation and analysis. 

China has lived continuously with a pressing need to increase farm production by 
controlling pest, disease and weed problems in agriculture and to control insect problems 
in public health. This has provided the stimulus through the last four decades to increase 
pesticide production and use. In recent years a particular influence has been the desire to 
phase out use of chlorinated hydrocarbon insecticides and replace them with efficient 
alter!latives. Thus the Seminar provided a most timely opportunity to bring together this 
Chinese experience with that of the wider region and to interact with other experts from 
around the world. The Seminar was attended by delegates from China and 17 other 
countries. 

The proceedings include all the papers and posters presented at the Seminar. Many 
facets of pesticide rese:irch and developmem and their inclusion in integrated pest man
agement systems are covered. In addition the whole spectrum of the pesticide scenario is 
dealt with, including likely future developments in the 21st century, and should prove a 
valuable puhlication for the benefit of college, universities, R & D institutions, industries, 
national and international organizations dt:aling with pesticides. 
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AN OVERVIEW OF STATt:s OF PESTICIDE RESEARCH IN CHINA 

LI ZONG CHEt\G 
Shenyang Research Institute of Chemical Industry. China 

ABSTRACT 

An overview of the need for pesticides. the status of pesticide research and the production 
of pe:-.cicides in China is given. During the past 40 years production of pesticides has grown 
from nothing to over 200.000 tons of technical products. Statistics presented show that 
insecticides comprise 70-800c of pesticides used. with fungicides and herbicides each at 
about IOC<. Initially BHC wa~ the principal insecticide. Research during the 1960s 
concentrated on organophosphorus and carbamate compounds, \\'ith attention given more 
recently to pyrethroid insecticides. Antibiotics and natural products have been included 
in the research. Pesticide research is organized through institutes administered by the 
Ministries of Chemical Industry, Agriculture. Health and Education, and the Academy of 
Science. Local pesticide research institutes also participate. The stages of research and 
development are presented. In conclusion recent research achievements are described 
briefly. 

GE'.'iERAL 

China covers an area of 9.o million square kilometers and has a population of 1.1 billion. 
It is an agricultural country and it is estimated that more than 80<;'·( of the population lives 
on the land. China is also a developing country, so although many people work on the 
farmland, farm production, which every Chinese shares, is very low. The population is too 
great and the cultivated area is very limited. Furthermore, development of agriculture 
varies in different parts of China. 

The data in Table I summarise the situation of agriculture in china [ l. 2). Thus, use 
of less than 7c.( of the farmland provides food and clothing for 22~'c of the world population. 
Thb is obviously a serious challenge. 

There arc two ways to increase totul production in agriculture. One is to increase the 
cultivated are~1. which is very difficul! as the land available for farming is limited, and the 
01hcr is lO increase 1he yield per unit area. 
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TABLE I 

China Total World China.: World ( c i:) 

Farmland area 
(million hectare) 120 1,750 7 

Population (million) 1.100 5.000 ")") 

Are;.i ( h~1) per per:.on 0.1 0.35 30 

In the suuthwe!'lt. Tihet :md the northwest, Xinjiang. Qinghai. Ning.xia provinces and 
lnr.er ~ longolia. mo:.t of the land is impossihle to farm hecause of mountain ranges. deserts 
and had climate. Along the coa:.t, a few areas are not cultivated, for example. the original 
bed of the Yd low River where without irrigation system these salty soil and floods ensure 
that :he land produces no harvest. 

Our attempts to increase the area farmed have not been successful. During the \o
calle1.r cultural revolution period. many forests were cut down and grassland was converted 
into farmland. The results of deforestation were disastrous. flood and drought increased. 
soil was eroded and the ecological environment was destroyed. More recently ever-in
creasing demands \\ere made for farmland to accommodate the industries, including 
ent~rpri:.es in towtb and villages. and also housing owing to the rapid development of 
China's economy. Thus, the farmland area was reduced. At the same time the population 
increa-;ed rapidly [3]. 

In the l•1st tl.!n years we achieved good results in increasing productivity nut living 
'.'ltandards still remain low. Table 2 compares production rates of grain and cot'on in China 
\\ ;m th~1t nf the Cnites States of America. In the chosen 1979 to 1984 period agriculture 
d~\ doped rapidly. ChinJ had its he:.t har1est in 1984. 

TABLE.2 

i97'> 19~4 

China USA China USA 

Population (million) 975 2:w J.035 237 
Output ot grain (million ton) 332.1 3h5.2 412.3 370 
l'roJuction rate (kg/ha) 2.775 3,735 J.hOO 3,670 
( '<1pitation (kg. person) 340 I<> 18 393 1.584 
Output of Cotton (million ton) 2.200 3.100 h.200 7.700 
Production rate (kg/ha) 487.5 h03.2 /1)7j h82.5 
Capit<1tion (kg. per:-.on) 2.2h 14.3<> 6.1 () 32.80 



From the data given in Tahk 2. we conclude that: 

I. .-\gri'-·u ltu ral pr• >ductivity. for example grain am.J ,·otton. \\a.. ... good but per ca pi w 
:.hare remained 4-5 folu lm••er than in the Lnited ~tatc:.. 

To improve Chinese living slant.lards \\c must incre~1se productiviry ot the 
farmland which should he possihle with ~sticide application. For example. 
hcrhicide usage was introduced to China lat..:r than in developed countries, :is 

shown hy year and area in Table 3 (4). Even in 19XX. the area treated with 
herhiciJe was onlv I I .Ye of the total farmland in China. 

TABLE3 

Year Herbicide: treated 
area (M ha) 

195h-19t>7 0.33 
1%7-1977 Lt> 7 
1977-1982 -too 
1983 4.t>O 
1984 b.t>7 
1985 8.54 
1986 10.7 
1987 12.7 
1988 13.b 

TABLE 4 (4] 

Crop Area w~cd area Serious weeds Reduction Reduction 
(M ha) (M ha) (M ha) (M kg) rate(',() 

Rici.! 33.7 15.5 3.8 10.400 13.4 

Wheal 31.1 IO.O 2.7 -t,000 15.0 

Cotton 7.1 "') "') 0.13 250 14.8 

Soy he an 8.0 2.0 ll.h7 500 19.4 

( 'orn and -B.I h.7 1.J.J 5,000 10.-t 

Sorghum 

< >ibc.:d rape 3.-t 1.2 OJ.+ 200 7.1 

['l:;::· .! .. 2.4 0.7 0. 1.1 2011 9.0 

7 
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Table 4 indicates that weeds are a serious problem in agriculture. Increasing application 
of herbicides is necessary. Table 5 compares Chinese and world use of pesticides. 

TABLES 
Area of crop planting ( M ha) 

Crop Rice Wheat Corn Cotton Peanut Soybean 
Planting (Maize) 

China 33.7 31.1 26.7 7.1 2.4 8.0 

World 147 231 133 35 52 18 

Cost of pesticide (US S1ba) 

high 
3.3 3.1 6.0 33.4 23.0 11.8 

Chinar 
low 2.8 3.0 4.6 18.1 11.3 9.6 

World 9.8 4.6 15.0 36.0 9.1 28.7 

PESTICIDE PRODUCTION IN CHINA 

There was no pesticide industry before the founding of the People's Republic of China. 
During the past forty years, the pesticide industry has developed a production capacity for 
400,000 tons of technical products and output of 200.tX>O tons (Table 6); more than 70% 
of pesticide applied was of domestic products. 

Year 1950 

Ton 500 

TABLE6 
Production of technical product 

1%0 1970 1980 

16,200 92,000 193,000 

1990 

220.000 

Insecticides comprise 70-80'/C of pesticides used; fungicides and herbicides arc each 
10 :t ·V< respectively (Tahle 7). Even so. according to recent statistics. insecticides are in 
short supply, whereas supplies off ungicidcs and hcrhicides arc in excess. 



T.-\BLE 7 

Year ~o. of Insecticide Fungidde Herbicide Plant growth 
products (l() (~() (\() regulator ( C:(:) 

198-J 93 X2.2b 13.58 3.70 0 . .16 

1985 8-J 7b.20 13.bb 9.30 0.84 

19Xh 75 77AO 7.90 7.62 6.62 

19X7 I" 'l -·- X0.90 9.()8 9.41 0.60 

! l)X:\ 13Y 71.53 l-J.09 13.73 0.65 

BRIEF HISTORY OF PESTICIDE RESEARCH IN CHINA 

China hegan pesticide re:-.earch in the early 1950s. At that time no organic (synthetic) 
pesticides wer~ applied in agriculture. Small amoums of BHC and DDT produced by China 
were used in the public health system for controlling mosquitoes and flies, especially BHC, 
hecause of the simple manufacturing process. cheap raw materi<tls, effective and broad 
spectrum to control pest~. and low acute-toxicity to mammals. BHC became the most 
important insecticide for thirty yea;s. At the end of the 1970s the total production of 
technical BHC was more than llli.UKKI tons yearly. On April I, 198~ the Chinese Govern
ment ordered manufacturing. selling and applying BHC and DDT to stop. Since then, these 
well known in:-.ecticide:-. ha\"e disappeared from the Chinese pesticide market. Since BHC 
and DDT are not easily metaholi:-.ed and decomposed, the simple way to solve accumulation 
and 1he re:-.idue problem was IO stop their use. 

r\t the end of the 1950s and during the 1%1b, organophosµhorus insecticides and 
dithim:arhamate fungicide:-. were the main targets of pesticide research. In the 1970s 
arom~1tic carhamate in:-.ecticides and systemic fungicides were the main subject of pesticide 
re:-.earch. Since 1980. pesticide re:-.earch institutes ~nd universities have paid more atten
tion to pyrethroid in:-.ccticides and some herhicides. At the same time, there have been 
good re:-.ults with antihiotic:-. and natural products as pesticides. 

Generally speaking. pe:-.ticide research in China has concentrated on insecticides. 
There has heen some rc:-.earch on fungicides and herhicides. Pl~mt growth regulators and 
rodenrkides arc.! minor part~ of pes1icide research. 
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ORGANIZATION OF PESTICIDE RESEARCH I!' CHl1'A 

Pesticide research in China is organised differently from that in <levdoped and many 
den~loping countries. In adv:rnced re~iuns or countries. such as !\orth America, Western 
Europe and Japan. pesticide research forms part of chemica; company operations. In 
China. pesticide research is organized in two parts; part I is controlled by central govern -
~em, part II by local government. There are many pe.aicide plants in China. but few 
undertake research on new pesticides~ thc:y buy manufacturing technology for new pes
ticides from research instit11tes or cooperate·· ith them by providing pilot ni.~,t and capital. 
Sometimes pesticide plants entrust rnstitut .. , co rese4rch and devell1p certain pesticides or 
new formulations. 

Table 8 illustrates the organization of pesticide research in China, including both 
central and local institutes. Centr.il research institutions are administered by five bodies 
as shown in Part A of th..! Table. 

lABLEX 

Pesticide research institutes in China 

A. Bodies administering central institutes 

Ministry of 
Chemical 
Industry 

Shenyang 
Research Insti
tute of Chemical 
lndustrv 

.Ministry of 
Agriculture 

Chinese Acad
emy of Agricul
ture Sciences 
Research Insti
tute of Plant 
Protection 

(comprehensive (Biology) 
research insti-
tute) 

8. Ministry of Chemical Industry 

Research Production• 

National 
Education 
Committee 

Nankai Univer-
sity 
The Institute of 
Elemento-organic 
Chemistry 

(Chemistry 
Biology) 

Ministry of 
Health 

Institute of 
Prevention 
Science 

(Toxicology) 

Academic 
Activities 

Shenyang Research 
Institute of Chemical 
I ndu~try - synthesis, 

Tianjin Pesticide Plant 
Sham.long Pesticide 
Plant 

National Pes1icide 
Society - seminar. 
national and 

Academy 
of Science 

Shanghai 
Institute of 
Organic 
Chemistry 

(Chemistry) 

Industry 
Ao;sociation 

Pesticide! lnd-
w .. try Association 
- 4ualny 



formulation. hi,,a~~av. 
safely evaluation. 
dllucm m:auncnt. 
phy!-ical and chem~cal 
analysis. 
informalion. 4uali1y 
monitoring 

Shan~hai Pt!sticide 
Plant 
Shashi Pesticide Plant 
Hangzhou Pe!-ticide 
Plam 
Yangzhou Pesticide 
Plant 

international competition. 
academic exchange expenence 

exchange. 
produclion 
arrangement 

Chongqing Pesticide Plant 
Suzhou Chemical Plant 
Kuanshan Chemical Plant 

11 

*There are many pesticide factories in China. These nine plants are the most important. 

C. l\linislry of Agriculture 

Chemistry, Mechanics Biology* Application 

I. Chinese Academy of I. Chinese Academy of I. National 
Agricultural Sciences 

Research Institute of 
Plant Protection 

Department of 
Pesticide 

2. Beijing Agriculture 
University 

Institute of Applied 
Cht!mislry 

Agricultural Sciences 
Research Institute of 
Plant Protection 
2. Cotton Research 
Institute 
3. Rice Research 
Institute 
4. Wheat Research 
Institute 
5. Pea:mt Research 
Institute 
6. Tohaccu Research 
Institute 
7. Orange Research 
Institute 
8. Orchard Research 
Institute 
9. Tea Research Institute 
IO. Tropical Crop 
Research Institute 

Protection Station 
2. Fiel<l Trial Net 

•in many Institutes, one part is a Plant Protection Department. 

Registration 

Institute for 
Control of Agri
chemicals 
Ministry of 
Agriculture 
(ICAMA) 
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D. !\linist~· of Education ( '.'lational Education Committee) 

The Institute of Ekmenw-organic Chemistry. ~ankai Lniversity 

This is a well known org;inic research institute. founded hy Profe::-.::-.or Yang Shixian. 

E. Local Pesticide Research Institutes 

The following are important local pesticide research institutions in China: 
Liaoning Research Institute of Chemical Industry (Rodenticides) 
Tianjin Pesticide Research Institute (Insecticides) 
Anhwei Research Institute of Chemical Industry (Formulation of Pesticides) 
Jiangsu Pesticide Research Institute (Pyrethroids) 
Hunan Research Institute of Chemical Industry (Carbamate Insecticides) 
Shanghai Pesticide Research Institute (Antibiotks) 
Zhejiang Research Institute of Chemical Industry (Intermediates of Pesticides) 

RESEARCH PROGRESS ON PESTICIDES ll'i CHll'iA 

China has a long way to go in setting up a modern pesticide research !->ystem. In this area, 
we lag 15-20 years hehind developed c<>Untries. When China began production. inventor's 
patents had already expired on most technical products. For example, organophosphorus 
insecticides were commercialized after World War II in <levelopeJ countries. In China, it 
was the 196us. In carbamate insecticides, China was 15 years late; dithiocarbamate fun
gicides st<irted in the 1940s but China producet! dithiocarhamate fungicides only from I 9M. 

Ten years hdore the pesticide research system of China was completed registration 
of new pesticides was not conducted. Since 1980. •my pesticide. domestic or impom:d. 
must be regi~tercd. Therefore research in pesticides was strengthened and integrntcd. 

Procedures arc estahlished as follows: 

I. Inputs to selection of research 

Research Institute of Plant Protection, 
Plant Protection Station::-., 
Agriculture Colleges. 
Ministry Agriculture, 
Ministry of Chemical Industry 

Pesticide Society Activities, 
Academic Exchange. 
Symposium on Pesticide Market 

~Pesticide Research ln~tit~al or l.o(al) ~ 
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Procedure: of Research and Devdopment of Product 

( l) Determination of research tan~et 
(~) lmestig<.1tion of licerature 
(3) Selection of synthetic routes 
H) Process study 
(5) Pilot-s\:.ite experiment 
(o) Production (product. formularion. packing. storage) 

3. Procedure from C<.1ndidate to New Pesticide 

Sample 

Biology 

Chemistry 

Safety e\aluation 

Synthesised. collected. isolakd 

Laboratory test 
Gr;.;enhouse experiment 
Field plot trial 
Field experiment 
Demonstration 

Synthesis of new compounds 
Determination of structure analvsis 
Process studies 
Manufacture 
Formulation 

Acute toxicity (oral, dermal, inhalation, irritation to eye 
and skin) 
Accumulation toxicity (accumulation toxicity, mutation, 
metabolism) 
Sub-chronic toxicity (90 day feeding for reproduction 
and metabo:ism) 
Chronic toxicity (carcinogenic, teratogenic, reproduc
tion, delayed neurotoxicity) 
Residue experiment 
Effect on environment 

ACHIEVEl\IENTS OF PESTICIDE RESEARCH 

Since China srarted pesticide research in 1950, many research projects have developed into 
large scale pesticide production. About 70t;'c of the pesticide produced is insecticide. 

Insecticides 
Organophospharcs .ire the mos! important insecticides, wirh products :;uch as methamid
ophos. parnthion. trichlorfon, dic:ilorvos, omcthoate. and monocrotophos. The total pro
duction for each was more than ten thousand :ons. Research institutes now pay attention 
to new organophosphoru:<i compounds. especially hctcrocyclic phosphates, for control of 
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umkrground pests which cause very severe damage to crops such as peanut. sweet potato. 
and wheat. Aromatic carbamate insecticides are investigated fo:- control of rice pests like 
rice oorer, leafhopper and planthopper, the latter two insects especially being a serious 
problem in rice. 

Most pyrethroid research is at the laboratory or pilot-plant stage. with little commer
cialized. 

Fungicides 
Dithiocarbamate fungicides were commercialized in the 1900s, hut the recent debate on 
the toxicity of ETU ( ethylenethiourea) casts doubt on their use. To control some special 
plant diseases in China, Pesticide Research Institutes must seek more active compounds. 
For example Fusarium blight of wheat (caused by GiiJberellu spp. and Fmurium spp.) is a 
very serious disease of wh.:at and infected grains are poisonous. MBC (carbendazim) 
(methyl 2-benzimidazolecarbamate) was synthesized in 1969 and commercialized i'1 1972. 
It has an excellent effect in controlling Fusarium blight of wheat and many other plant 
diseases. Now it is the most commonly used organic fungicide in China. 

Antifungal 402, C2H5S02SC2H5 has been applied to control seed and soil diseases 
of rice, cotton and sweet potato. It was invented by the Shanghai Institute of Organic 
Chemistry in the 1960s. Another important antibiotic fungicide (Structure I) was isolated 
from the soil of Jinggang Mountain of Jiangxi province (China). and is an important product 
controlling sheath blight of rice (cat• . d by Pe/lieu/aria .'iasakii). Thi:-. fungicide is very cheap, 
effective and of low toxicity, and there is no resistance to it. It was commercialized in the 
1970s. 

OH 

NHC-OH ,cH2oc4Hg 
OH N..,,cO-CH2Cl 

OC2H5 0 CH20H I 
OH CH20H 

(I) <ID 

Herbicides 
In the last ten years, herbicide use has developed rapidly, hut remains only IO :!: 4% of the 
applied pesticide in China. Herbicide research started 15 years l.:ter than insecticide and 
fungicide research [4J. Phenoxyacetic acids and their esters, uiphcnyl ethers, ureas. orga
nophosphoru~ compounds and carbamates are the herbicide products used in China. Some 
new products arc on tht: way to the pesticide market. For example, the compound shown 
(Structure II) is effective for controlling monocotyledonous and hroad-lcavcd weeds in 
rice, cotton, corn, soybean, .pe,anut,. rape se~ and pv.la\o. 
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ASPECTS OF PESTICIDE DISCOVERY 

LEO~fARD G COPPING 
DowElanco, Letcom.be Laboratory, Letcom.be Reqis, wantaqe, 

OX12 9.JT, United Kinqdom of Great Britain and Northern Ireland 

ABSTRACT 

The discovery and develcpment of new crop protEction agents 
is becoming increasingly expensive. In addition, agriculture 
is becomi.1g less profitabla with the removal of crop 
subsidies whilst the general public are becoming increasingly 
concerned about the use of chemicals in crop production. In 
the light of these facts it is essential that a successful 
discovery group identifies its research targets to ensure a 
fair return for investment, establishes reliable screens to 
guarantee that no potentially useful lead is lost and then 
runs a synthesis programme which maximises the resources 
available towards a new pesticide discovery. 

Approachas to this vary fr.om group to group but the 
principles remain th~ same. The paper is a brief description 
of the opportunities in discovery research and highlights the 
various approaches and principles used. 

IDENTIFYING TARGETS 

The cost of discovery, development, regist~ation and 

commercialisation of a new pesticide is around $50 million. 

A new herbicide will usually have a long life expectancy but 

new fungicides and insecticides/acaricides often encounter 

resistance problems within a few years of being launched. In 

order to remain in business, a crop protection group must 

recoup its investment in a product and also make enough 

prof it to ensure investment in the next generation of 

products. This situation means that all discovery groups are 



targeted towards large markets where there exist 

opportunities for significant sales. 
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All major agrochemical companies are seeking products to 

control weeds in corn, soybean, small grains and rice, to 

control diseases in cereals, vines and rice and to control 

the insect and Mite pests of cotton, corn and rice. 

Having established a major market for a compound the 

opportunities in smaller markets can be exploited. No one 

would develop a herbicide for use in kale, but having 

established a market in cereals and then oil seed rape, sales 

in kale may well add to the product's potential sales. This 

is the case with a product such as clopyralid. Regrettably, 

there will always exist some crops for which crop protection 

agents will never be registered because of the small area 

grown or the low value of the crop. 

ESTABLISHING SCREENS 

Once the major uses of a crop protection product have been 

established the problem of setting up cost-effective and 

target oriented screens must be addressed. The primary 

screen should be directed towards rejecting inactive 

compounds rather than selecting active ones. Rather than 

showing a compound to possess useful biological activity, it 

is a means of eliminating quickly and at as low a cost as 

possible, compounds which have no activity and on which no 

further wor¥ should be done. Hence the usual system employed 

is a high volume, high dose application of technical material 

formulated in a solvent, such as acetone, dispersed in a 

surfactant/water mixture. This "formulation" is applied to a 

preferably small but diverse ra~~e 01 "indicator species". 

These target organisms are, wherever possible, primary 

mari~eting species but for reasons of country or regional 

restrictions in som~ cases alternAtives have to be used. For 

example, culture of the Colorado ~otato beetle (Leptinotarsa 

decimlineata) is not permitted in the United Kingdom and so 

often the mustard beetle (Phaedon cochliariae) is used in its 

place. Other species are hard or time consuming to cultivate 
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and "easier" species may replace them. 

Hence, a standard herbici~e primary screen will include 

annual grasses and annual broad-leaved weeds of both cereal 

and soybean/corn/rice crops with a secondary screen that 

confirms and expands the weed/crop spectrum in comparison to 

a relevant commercial standard. Fungicide screening wilJ 

include pathogens of the major crops (cereals, vines, rice, 

top fruit), but also covering wherever possible, the major 

fungal taxonomic classes. Insecticide evaluation will always 

concentrate on insect types and will include a caterpillar 

(noctuid usually), a beetle, especially corn root worm 

larvae, a sucking insect such as aphid and a hopper, a mite 

and often a nematode. 

Assessment at the primary level can be on a straight 

active/inactive basis, as the aim is to reject inactives. 

Some organisations rate on a percentage scale or on a 

numerical in-house devised system but always there is a score 

which has to be exceeded to count as active. Such a system 

is designed to ensure that as little effort as possible (and 

hence as little resource as possible) is devoted to compounds 

with little chance of success. Secondary testing introduces 

the concepts of dose response, effects on related organisms, 

crop selectivity, mobility in crop, formulation and 

comparisons with standards. The objective is to develop 

tests which allow compounds to be selected for field 

screening a~d subsequent progress to field development. 

THE SEARCH FOR ACTIVE COMPOUNDS 

All comp~nies involved in the search for new crop 

protection chemicals are actively seeking new chemical leads 

which they can claim and protect as their own discovery. 

There are several ways in which the lead can be found, but it 

must always be remembered that once a useful level of 

biological activity has been identified in a new chemical 

compound, the optimisation strategy is always the same and 

could be termed analogue synthesis, albeit, an in-house 

compound optimisation programme. 



Empirical Screeninq 

Traditionally companies which excelled at the discover~ 

of crop protection agents were those which were involved in 

the chemical industry in all its guises. The evaluation of 

petrochemical waste materials led to early insecticides and 

many dye stuffs and their intermediates showed good 

herbicidal effects. It was the evaluation of as many 

chemicals as possible in screens which led to products such 

as trifluralin and tricyclazole (Fig.l). 

CH3CH2CH2 , / CH2CH2CH3 
N 

0 2N N02 

CF3 

Trifluralin Tricyclazole 

Figure 1. Two compounds discovered via an empirical approach 

As more is learned of the modes of action of existing 

compounds and the physicochemical properties required of 

today's pesticjdes many companies have turned away from the 

empirical evaluation of many thousands of compounds with 

diff~rent structures for a more "rational" approach. Whilst 

the value of a targeted programme is clear and will be 

discussed in more detail later, the success of a random 

approach is irrefutable and it is a valuable complementary 

strategy in the quest for new biologically active compounds. 

Analoque Synthesis 

Once an active compound has been discovered and the 

decision taken to develop it, a patent is always filed. The 

patP.nt filing attempts to cover all chemical modifications 

possible to ensure that the patent for the compound and its 

analogues is exclusive. The problems encountered in filing a 

broad based patent are many but key amongst them are the 

timing of the filing, essential to ensure that the claim is 
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not pre-dated, and the scope of the general formula, to 

ensure that all compounds which are covered are active as 

described. It is a necessary consequence of patent law that 

gaps are left which can be exploited by as·.:.ute companies 

often using their own special chemical expertise. 

Good examples of analogue synthesis are many. In the 

herbicide area there are the urea herbicides (Fig.2) and more 

recently, sulphonylureas (Fig.3). Azole chemistry has been 

frequently exploited in the fungicide area (Fig.4). Pyrethroid 

chemi~cry has been copied in the insecticide area and 

examples are given in the paper by Elliott in this volume. 

Natural Products 

The pharmaceutical industry has been exploiting 

biologically active natural products for many years but it is 

only recently that agrochemical companies have begun to look 

for new products from natural sources. 

In Japan, a large number of fungicidal products have 

been discovered and developed particularly for use in rice 

but their application in other countries and crop systems has 

been v~ry restricted (Table 1). 

TABLE 1 
Natural Fungicides discovered and used in Japan 

COMPOUND 
Blasticidins 
Kasugamycin 
Polyoxin 
Validamycin 

CROP 
Rice 
Rice 
Rice/vegetables 
Rice 

Recently the introduction of avermectin and bilanafos 

have increased interest by industry in natural products as 

potential new insecticides and herbicides. There are three 

reasons for searching for new natural products. Firstly, it 

is possible that a new product can be used iself as the 

toxiphore. This is the case with many of the fun~icides 

which are manufactured by fermentation. Secondly, the 

natural product may represent a new class of chemistry which 

by either minor (as ir. the case of avermectin) or major (as 
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Figure 2. Analogues derived from fcnuron (from Weed Control Handbook: Principles 8th Edition 1990, Blackwell Scientific Publications ""' 
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Metsulfuron-methyl 

l 
Triasulf uron 

Bensulfuron-met'iyl 

l 

~:::;ONH{~OCH3 
N-N N 

I 
CH3 OCH3 

Tribenuron-methyl 

Pyrawsulfurnn-cthyl 

~ OCll3 

Qso,N:ICONll-<~ 
CO-N(CH3)z OCH3 

COOCH3 OCJIF., 

OS02NHCONll<~ • 
OCHFz 

Nico~ulfuron Primisulfuron-methyl 

Figure 3. Development of sulphonylurca analogues (from Weed Control 
Handbook: Principlc.s 8th Edition 1990, Blackwell Scientific Publications) 
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Flusilazole 

lmazalil 
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fi-•1-r-O-a 
" ~ CO-C(CH,)3 

N 

Triadimefon 

Propiconazole 

F 

Flutriafol 

Figure 4. Examples of fungicidally active azolcs 
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in the case of synthetic pyrethroids) chemical modification 

can lead to a commercially viable product. 

Finally, the mode of action of the natural product may 

be novel and this may lead to a search for new synthetic 

compounds with a similar mode of action. 

Biorational Design 
Many terms are used to describe the targeted search for 

new biologically active compounds. In essence it involves 

the application of sound biochemical principles in the search 

for a new product. This can follow a number of pathways. 

Firstly, a biochemical pathway in the target pest ~an be 

identified which produces an end product which is essential 

for the survival of the organism. Hence, if this pathway is 

interrupted, the pest (weed, insect or pathogen) will die. 

If the mechanism of reaction of one enzyme in this pathway i~ 

known it is possible to design compounds which will inhibit 

that particular process and thereby stop the reaction. 

A second application of knowledgP of biochemistry is to 

utilise differences in the rate of metabolic detoxification 

such that a target crop is able to inactivate a herbicide 

whilst a weed is not able to do so. Good examples are 

afforded by the rapid conjugation of atrazine and alachlor in 

corn by glutathione and the ring hydroxylation of diclofop by 

wheat. 

Knowledge of metabolic activity can also be used to 

design propesticides. These are compounds which themselves 

are not biocidal but which are metabolised to the toxic form 

by the target. Examples include esters and amides of 

alkanoic acids, sulphenyl analogues of carbamate insecticides 

(carbosulfan versus carbofuran) and thiophanate-methyl. 

Finally, biochemistry may be used to determine the mode 

of action of novel compounds discovered in an empirical 

screening process. Once this is determined the level of 

inhibition shown by the compound can be measured and a decis

ion taken on whether the new target is good or bad as a mode 

of action. If good control is achieved at low concentrations 

the biochemical assay can be used in conjunction with in vivo 



biological screening results to direct and optimise a new 

chemical series. 

However when a new compound is fG~nd, it must meet the 

high standards of specificity to target organism and lack of 

persistence and mobility ir. the environment that are shown by 

today's pesticides. A gre~t deal of information about the 

physicochemical characteristics needed for a compound to be 

effective is currently available and care must be taken to 

ensure that a compound does not persist in certain situations 

or become water/soil mobile at different pH levels. ~uch of 

this can be predicted and compounds where stability or solub

ility indicates the possibility of environmental problems 

should be evaluated with care before entering 

commercialisation. 

CONCLUSIONS 

A well balanced screen uses all of these approaches in 

the discovery of a new active molecule. Whilst copying other 

peoples successes has traditionally been the most successful 

way of identifying a new product it is likely that natural 

sources will become increasingly important in the future. 

The balance and integration of all these approaches is shown 

in Fig. 5. Clearly, there is a gap between targeted and 

complete random synthesis but both approaches are linked. 

It must also be remembered that however sophisticated 

the chemistry or imaginative the biochemistry, the cost

effective biological effect is what the farmer buys. Huge 

sums of money are spent annually by agrochemical companies in 

the search for a new product but at the end of the day, if 

the farmer sees no advantage in terms of cost or biological 

effect he is unlikely to be persuaded to use it. 
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Figure 5. Relationship between empirical and biorational approaches to pesticide discovery 



THE DEVELOPllER'l' OF A PESTICIDE - FROM CANDIDATE TO PRODUCT 

D. MAHGOLD 
c/o BASF Aktiengesellschaft 

Crop Protection Division 
Research and Development 

Postfach 220 
6703 Limburgerhof 

Germany 

The development of a typical plant protection product is 
described. The global market for pesticides represents 
actually a volume of $ 21 billion. Expenditures for 
product development aggregate to approximately $ 80 - 90 
million. About 36 \ of this amount is related to 
chemistry, 30 \ to biological development and 34 % to 
toxicological evaluations. Average time for development 
is 10 years. 

INTRODUCTION 

There is a tendency to underestimate the complexity of 
development work. So I have set out to review the focal 
points in general terms. 

Assumed that we have arrived at a "candidate" compound -
where in the complex course of the development of the 
future plant protection product do we stand, how do we go 
on and what are the requirements? 

Before we embark on discussing further steps in detail, 
lets pause and recall some definitions first. 
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What actually is a pesticide? 

In technical terms it is simply a tool for plant 
production systems. Such tools are supposed to 

reduce the expenditures of labour 
improve working conditions 
improve the quality of agricultural products 
increase the productivity at reduced input of raw 
materials, capital and labour 
support the creation of nev products and/or 
techniques of production 

The farmer buys effects and solutj~ns to problems when he 
buys the product and not chemistry - this may be wise to 
remember. 

Bu~ for the industry the definition of a pesticide goes 
much beyond that. 

There simply is no product without the permission of the 
authorities to sell. This permission - the registration 
certificate - is the official judgement for acceptance of 
relevant properties of a compound. 

It is required to demonstrate under German conditions 
(these requirements are more or less the same worldwide): 

1. Physical and chemical properties, synthesis route 
and waste disposal 

2. Efficacy against pests, diseases,weeds 

3. Residues in and on plants, metabolism/degradation 

4. Toxicity against man and animals 

5. Behaviour in soil, air and water 

6. Effects on the environment 

We realize that technical feasibility is but only one 
requirement - out of six - which we have to go after to 
make a product available to the farmer. 



PRODUCT GENERATION 

The product generation process is summarized in Table 1. 

TABLE 1: 
THE PRODUCT GENERATION PROCESS 

I PLANNINC llOL ACTIVITY • DISCOVERY • USER INSTRUCTION/ LAIEL • SALES I 
Offea1in researcla ac:ti•lties: Dlacenry aa• tec•alc:al oftlmiutloa 

Blol. agents ........_ 
~ rBlol. research r ) 

SyntheUc agents - Discovery --~;Agro-Biological I __ _ _.,/' l ·1ead• !__, Developmentj 
Blosynthetlc agents ) 

Physiology/ Mode of action 

-------41... Eco biology 

Toxicology 

Metabolism 

Residues/ Anal. Methods -+ 
Defen1in nsearc:la ac:ti•itier. Detailed descrlftloa of actlntles 

aad safety for aser/ c:oasamer 

H~re, two kinds of activities may be distinguished. 
There are activities that cover new aspects of technology 
and performance - this is the "offensive part".All other 
activities which are to safeguard applicator and consumer 
constitute the "defensive" part of the work ahead. 

This situation is described in Table 2 in more precise 
terms. 
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TABLE 2: 
THE DEVELOPMENT OF A PLANT PROTECTION 

PRODUCT 

DEVELOPMENT OF A CROP PROTECTION PROOUCT 

.,........ I 
I 1111'110•-11 eJllllL I 

aEMISTRY 
• lalMmllol..-U-1 

_.._ .. procaicuon I 
I 

I fommlmllan I 
I 

I 19boratory I IP'....,... I 
BIOLOGY I .......,,tltall I 

I lleld lrlllls 

product 

I ofllclal regls~atton 

I acute toalclly I 
I subacuta/8Ubctlronlc toxicity 

TOXICOLOG't' chronic toalcffy I 
-- - - I speclaltoa.studles I ._., ••• __ ,_,I 

, • ..,.... In plants. ....... 90l _ .... I 
I metebal 1n p1mra, ....-. _. I 

• 
years 1 2 3 4 5 6 7 8 

Slbst ca. 15000 200 20 3-5 1-2 1 

'> 
I 

9 

Within a time frame of up to 10 years some $ 80 - 90 
million have to be spent - 36 % of which is related to 
chemistry, 30 % to biological development and 34 % to 
toxicological evaluations. 

These expenses have to be seen against the total 
pesticide market which is in the $ 21 billion bracket 
(Table 3). Incidentally the pharmaceutical market is ten 
times larger. 



TABLE 3 : 
'l'BE WORLD PESTICIDE MARKET BY CROPS AND PRODUCT 
GROUPS 1989 IN MILLION US-$, \ (END USER LEVEL) 

Crop Protection World Market by Crops and Product Group~ 
1989 in Mio US $, % End User Level 

Herbicides Share InsecUcides Share ~cides Share 
9.800 llio ust ill% 8.200 1110 ust-m % " llio ust in " 

Rice - 9,5 - 17,8 .. 14,0 

Maize -18,9 • 8,2 I 1,3 

Cotton • 4:,7 -26,ol 1,8 

Wheat - 14:,7 I 2,6 - 16,9 

Soybean -16,9 I 3,19 I 2.2 

Sugar beet - 5,2 I 3,2 I 1,6 

Frui~Grape-
Vege able 18,6 -28,2 - 4:1,5 

Others - 14:,6 - 11,9 - 20,7 

IWP I Source: COUNTr ?QTWISI' WOODIUC. Prodaota S.aUon 4/00 

PRODUCT DEVELOPMENT 

I intend now to track the course of our candidate 
compound which is likely in the second year after 
discovery. The process is a model of multidisciplinary 
proceedings. 

Let me first turn to technology and performance 
assessment - second in the list of requirements. The 
process is generally called "biological development". 

Which questions have ~o be answered, which experiences 
will have to be gained? Important terms are certainly 

selectivity for crops and varieties 
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definition of targets-activity; quantity per hectare 
and target 
method of application 
timing and window of application 
compatibility in product combinations 
yield and additional favourable effects 
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More questions relating to practical farming and the side 
effects are: 

drift and problems related to best applic~tion 
te::hniques 
carryover, persistence under field conditions 
eff ec~s on non-target organisms 
insensitive (target) populations 

The final goal is the proper product label. Today it is 
to be a user instruction for "Preci-;e Farming" and it 
should take into account all the factors that influence 
agricultural plant production - and conversely also all 
the factors which are affected by agricultural production 
in its environ.t.ent. 

Field trials 

Table 4 lists the necessary field trial types and their 
purposes. 

TABLE 4: 
FIELD TRIAL TYPES 

• ·j:1crcctots-+ Effect. Efficacy - rough estimate 

• Effect. Efficacy - precise evaluation 
::. _::..,,! m'-+ \Hemove unilateral influences) - -'-' 

• - Series c! trrals 

Centraliy planned ana evaiuatea 

e Pract:cJI :ria:s 

-+ instruction for aav1sors 

-'Ind customers 

Small plot trials are the responsibility of advanced 
Field Development. They are to define exact quantities to 
be applied, optimal date and dependence on environmental 
factors, also the comparisons with competitive products 
and effects of combination with other products. 



These trials have to be done in plots of 5 - 50 m2 and 
treated and harvested under practical conditions. 
As the data of only one trial are of limited value it is 
necessary to do the trial in various different locations 
to allow for exact comparison of yields and effects. 
Such trial series have to be adapted to the different 
cli~ates and agricultural production systems of the world 
and they constitute the most important activity of 
advanced Field Development. They require special 
equipment. 

•Practical or Farmer Usage Trials• are required for any 
product t~ be introduced into the market and are done in 
normal fields with standard agricultural machinery. They 
are to reveal "drift" ~roblems, reaction of er.tire target 
populations, effects on non-target organisms and on non
sensitive genotypes. All of this may only be done on 
large areas of hectare size and above. 

Demonstration trials finally are to demonstrate effects 
and methods as compared to standards to the farmer and of 
course to the advisory service. 

Trial Layout and Evaluation 

Small plot trials must be set up in accordance with the 
strict rules of biometrics for statistical evaluations 
if they are to lead to a reliable label. The basic re
quirements are 

common trial plan for various locations 
same trial design 
same evaluation criteria 
same evaluation methods 
equivalent evaluation timing 
on each location a different randomization of the 
plots must be used 

First of all the precise layout of the trial in question 
is of crucial importance - whether it is a simple "one 
factorial" or a "multi factorial" design. 

Let us consider the systematics (Table 5). 
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TABLE 5: 
TRIAL PLANNING SCHEME 

~----Ctrial question I 
n, I nr prnohb~IPemm I :I 1 I b1olog1cal model 1--1 goal of proiectj 

!mathematical model H hypothesis 

trial setting 

data collection 

mathematical analysis 

b1olog1cal in terpre ta t1on 
b1olog1cal 

solution r------{~ application ot the results I 

To eliminate chances of unilateral influences the trials 
are done in "blocks" with a randomized arrangement of 
plots within each repetition. The validation of results 
is emphasized by the principles of "repetition" and 
"randomization". 

Additionally important for successful field trials are 
the 

selection of proper locations and fields 
availability of adequate field preparatio~-, 
application- and evaluation tools 
uniformity and high quality of crop growth 
availability of target organisms, homogeneity of 
weeds, pests, or diseases. 

Before starting field trials the proper selection of a 
field and the allocation of the blocks by a skilled 
technician are the most important. 



.Layout and evaluation also depend strongly on proper 
specialized machinery for operation with precision on the 
relatively small plots. Precision of course is asked for 
in all stages of the operation inclusively of the 
standard agricultural measures such as 

seedbed preparation 
sowing of the crop 
fertilization 
plant protection and 
harvesting 

A variety of application equipment can be used from a 
small plot log-sprayer to conventional tractor sprayers. 

Assessment is by visual evaluation using standard 
criteria (Table 6). 

TAB!.E 6: 
OUTLIHE OF THE ASSESSMENT METHODS USED IN 

AGRICULTURAL TRIAL WORK 

HER81CIC£S 

FtmODES 

"lSECCIC€S 

91~EG~'LATCRS 

I 

.. eed control 

~us ccntrOI 

ear e11seases 1n cerea1s 

e1am01::'\Q-oft .lnd r::iat rot 

·o cerea1s 

Sc1erof1r:1a ~C'"'. ·~ c.1s.eed 
ano sullflower~ 

catercill<srs 

al .nrestation 

I ,~Id 
I 

'-----------------

measurement me!llod 

darecr estimation 

ot control t%1 
:lorect estimation ol control (041 
or c~un! or 9'ilS&es 

direct estimate !041 

ctassir1catoon or 1ndMOUal l)lanrs. or a 
random samchni;i into 4 oisease le·1eis 

~tassir.cat1on or indMOUal ciants. or a 

r aMom o;ampbnQ as "nealtny" or • d•seaseo· 

c~a$.S.1trcat1on ot ,,,dl'V'cLal P'ants. o~ a 
raooom same11ni;i into 4 disease levels 

count or •ne '"""0 apn1d; ·n a random samele 

c1a~sit1catiOI'\ or ~ne caterpi1Lar~ ,,, a random 

s.amoun9 1r1fo e P.velS. or .nr~:.~a~:or. 
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Proper data sheets make sure that all the relevant data 
for trial evaluation are recorded from wherever the 
trials are laid out to make them available for 
biometrical evaluation. 

Data links to the central research location are 
established. Hand held computers provide for direct input 
in the field and specific programmes allow dialogue 
research :n the data centre as well at the various 
research locations over the world. A scheme of the data 
flow is shown in Table 7. 

TABLE 7: 
FLOW DIAGRAM OF DATA PROCESSING 

--·-
'. E~roce i :'verseas · · Resea~c!" S:a:r::ir.s 1 

:ata :~c~t 

- =~ ==~ ::ara s~ee!s 
- • :c~·es. 1:aces . .:art,.·o·~~s 
- .:1 :n:a ·---~----·----

:"ra.-.s~J 1liJ _ ---------'-------

:~ .,.."? .:.::c~".J: ~~,. , ______ ·---· 
______________ { __ 
_ :;.; :· 11:a:c" 

c:".:1 .• ..:~ J·.:'::·s::: ... s 
~~~~·"''"cl "·~c.:":s 

Results of these efforts are profiles of biological 
efficacy for the candidate (Table 8). Suitable graphical 
presentation allow for easy analysis of the results. Mean 
and standard deviation plots allow for fast comparison of 
the results. 



TABLE 8: 
PROFILE OF HERBICIDAL EFFICACY: ACTIVITY 

OF BAS 517 •• H AGAIHST AIDPECORUS MYOSUROIDES 
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53 93 fO 67 47 13 

Box and whisker charts off er more information in that 
they describe the deviation frcm the mean value. A very 
helpful approach when it comes to assessment of 
herbicidal efficacy. 
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Table 9 indicates the number of trials necessary to 
answer the trial question reliably. 

TABLE 9: 
RELATION BETWEE!f llOllBER OF TRIALS ARD 

STATISTICAL PARAllETERS 

Relation between •••lier of trials aad statistical parameters 
l(J"JI, 
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0.5k91ha a.1. Outnmerac 'oost-emergence/ si:nngi n winter wheat as control against GMNm 

A detailed look into the results areawise is quite 
revealing and underlines the necessity to do field trials 
in various regions for at least 4 years. The test volume 
is quite impressive. 2 800 trials with 8 500 plots on 85 
hectares were executed in 5 years for the development of 
one cereal fungicide. 

DEFENSIVE ASPECTS 

We have now concluded the consideration of the "offensive 
work". Let us now turn to the activities, which are to 
protect finally the farmer, the consumer and the 
environment. This is what I called the "defensive part". 

As we have seen a compound must be effective, but at the 
same time it must not be toxic, it must not leach, it 
must not evaporate, it must not be persistent, it must 
not upset the ecosystem beyond the limits imposed by the 
registration authorities. It is obvious that this can 
only mean to look for the best possible compromise. 



It is therefore crucial that properti~~ endangering such 
registration must be recognized as early as possible. 
This may avoid abandoning the project at a late and very 
costly st~ge. 

The candidate is checked therefore early by studies 
(Table 10) which try to assure that full scale 
development is justified. 

TABLE 10: 
TESTilfG MEASURES 'l'O DE'l'ERllDIE THE ECOLOGICAL 

BEHAVIOUR OF PLAMT PROTECTION COMPOUNDS WimIN 
THE FRAMEWORK OF A S~G PROGRAM 

Test : Checking rnethod 

A TOXICITY 
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Later in Field Development certain aspects of compound 
behaviour in the soil under field conditions is either 
investigated in lysimeter trials or in "field dissipation 
studies" e.q. ~ith"suction candles". 

When it comes to evaporation studies special laboratory 
equipment allows for an assessment (Figure 1). 

FIGURE 1: 
SCBEftE OF AH APPARATUS FOR llEASUJUBG THE 

EVAPORATION RATE 

IC I 
..., ' -· lo! 

i : 
~. ~ 

I . I 
l.. 

c ·:S @ o ® 
a o c 

The apparatus for measuring th<: evaporation rate: 1, the electric 
balance; 2, the heat exchanger; 3, a rorameter; 4 and 5, chan 
recorders; 6, control device; 7, glass plate; 8, platinum tempe
rature sensor; roughened and 9, sorption unit. 

Impact on non-target organisms is studied in the above 
mentioned "indicator study phase" and of course in the 
phase of practical field trials. 

It is essential that all these studies are be done under 
"Good Field Practice" conditions in order to make them 
acceptable to the registration authorities. 

I will not go into the toxicity, residue and metabolism 
work in crop, harvest and all the compartments of the 
environment which is a lecture in itself: only that much 
of the respective investigations apply to the major 
metabolites of the compound. It must be noted that such 
"defensive" activities are continuously expanded and are 
about to consume the major part of the development 
expenses today. 



It goes without saying that the development process -
from candidate to product over a period of up to ten 
years and encospassing at least l 000 required activities 
must be controlled as best as possible. This is achieved 
by Project Management Systems as exemplified in Table 11. 

TABLE 11: 
PROJECT MAHAGEllEHT BY HETPLAIOIIHG 

Netplan Development of a Crop Protection Product 
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OOTLOOK 

Where do we go from here preparing for the "AGRICULTURE 
OF THE FUTURE"? 

Developing products for advanced plant protection will be 
as important as ever. 

By 2050 approximately 11 billion people will live on this 
globe (additional 1.6 million each week). Food production 
must increase by at least 70 \ over the next 40 years. 
1/3 of agricultural production increase will continue to 
come from plant protection along with plant breeding and 
plant nutrition. 

Obviously further intensification of plant production is 
the answer - with as little environmental impact as 
possible in order to conserve the precious limited 
natural resources. 

The best possible methods with the best possible products 
will have to be developed to allow for precision farming 
and over. ;.ll input optimization into the production 
systems. 

An integrated crop production will be called for -
compatible with the ecosystems. This \s to say that a 
good dea~ of additional detailed knowledge about these 
systems will be required if this is to be achieved. 

Evidently this calls for ever more complex and detailed 
advanced field development work to build an entire crop 
production system. 

Complexities are easily demonstrated by pheromone trials 
/ confusion methods where one has to cope with quite 
different flight periods over the years (Table 12). 



TABLE 12: 
FLIGHT ACTIVITY OF CYDIA POMONELIA 

IN 1982/83 

moths/trap 
40-
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Week 
How do we go on ? 

There is no question in the expert's minds that plant 
agriculture will continue to rely mostly on chemicals, of 
course ever more advanced ones for plant protection. 

These advanced chemicals will be applied on the new and 
more sophisticated varieties which will originate from 
plant genetics and advanced breeding. The new substances 
are expected 

to control and regulate crops rather than 
eliminate/kill weeds, ~e~ts or diseases 

to do so as low a rate as possible - but as much as 
necessary by cringing the right compound in the 
proper quantity at the right time to the proper 
spot. 

The modern varieties on the other hand will require early 
integrated studies as to their plant protection needs. 
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Product development will have to be geared to strict 
observation of the limits imposed by registration to 
provide products that allow for the best production 
systems and best harvests possible in terms of quality 
and yield. 

All this requires a continuous flow of innovation - in 
the face of major obstacles for the industry - the 
exploding R&D costs. 

There is a big challenge both 

for the authorities to create proper environment 
encouraging R&D investments for plant protection 
and 

for the industry to create novel chemistry and novel 
techniques fast - and with improved methodology - at 
reduced costs. 

There is reason for optimism - the industry certainly 
does not have a bad track record for continuous improve
ment. Quinmerac, the active ingredient of a new 
graminicide in rice suits surely here as a very good 
exanple amongst many others. 
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Synthetic variants, relatively more stable in air and light, were derived from the natural 
pyrethrin insecticides by a series of structural modifications. The main chemical, 
physico-chemica!, biological and toxicological properties of the new compounds are 
described and their significance in present and future insect control is discussed. 

INTRODUCTION 

This contribution to the programme for the O~ning Symposium of the Shenyang 

Research Institute of Chemical Industry will indicate how the structures of insecticides 

extracted from the mature dried flower of Chrysanthemum (Tanacetum) cznerariaefolium 

(1) became the basis for the development of commercial products now worth some U.S. 

$one billion annually. These compounds, the natural pyrethrins, have been known for 

more than 100 years to act rapidly to kill or immobilize ("knock-down") a wide range 

of insect species yet to be harmless to mammals under all normal circumstances. 

Although the pyrethrins had been found to have a remarkable effect against obnoxious 

flying insects such as houseflies and mosquitoes, ~hey were too unstable in air and light 

to control pests of agricultural crops efficiently and economically. These natural 

products could not therefore compete with synthetk insecticides such as DDT, HCH, 

aldrin, dieldrin and the organo-phosphate and carbamate insecticides for most ger.eral 

applications. 
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CHEMICAL STRUCTURES 

The unique properties of the natural pyrethrins attracted the attention of organic 

chemists and entomologists in research stations and universities throughout the world. 

Over several decades workers in Japan, Switzerland, the United States and the United 

Kingdom (for details, see leading references cited in 1,2 and 3) established the 

structures of the natural esters shown. 

PYRETHRIN I 
(35%) 

PYRETHRIN ll 
(32%) 

CINERIN I 
(10%) 

CINERlfll Il 
(14%) 

F'UJITANI (1909) YAMAMOTO (1919) 

JASMOLIN I 
(5%) 

JASMOLIN ll 
(4%) 

STAUDINGER AND RUZICKA (1924) (1910-1916) 
LAFORGE eta/_ (1936- ) 
HARPER et ol. ( 1942- ) 
CROMBIE et of. (1948- l 

Figure 1. The structures of the six natural esters 

Examination of the insecticidal activity of the natural esters and of related synthetic 

compounds then established some of the features (indicated in Figure 2) associated with 

potency (4). 

DEVELOPMENT OF SYNTHETIC PYRETHROIDS 

In 1948, at Rothamsted Experimental Station, Charles Potter, then recently appointed 

Head of the Insecticides and Fungicides Department, decided to use pyrethrum as the 

hasis for a project to establish principles hy which improved insecticides could be 



ESTERS OF THIS ACID WITH MOST 
OTHER ALCOHOLS INACTIVE 

l ESTERS OF PYRETHROLONE WITH 

)~-· :~SMT 1THER ACIDS INACTIVE n·r { I ":'f UNSATURATOON 

UNSATURATIO~ 0 ::-.... 

OPTICAL ACTIVITY 

Figure 2. Structure and insecticidal activity 
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developed. At the start of the Rothamsted work on synthetic pyrethroids, Schechter, 

Green and LaForge of the United States Department of Agriculture at Beltsville, 

Maryland has just reported the first potentially commercial synthetic pyrethroid, allethrin 

(5). Unlike pyrethrin I and pyrethrin II, allethrin had only one double bond in the 

alcoholic side chain, so large scale synthesis was somewhat more feasible (6). Allethrin 

excited great interest because it acted more rapidly and five times more effectively than 

the natural compound (see Figure 3) against an established target for pyrethrum, the 

common housefly. However, after some time this outstanding performance was shown 

by tests at Rothamsted and elsewhere to be largely restricted to the housefly; against 

other insects (for example the beetle, Phaedon coch/eariae L.) the natural compound was 

forty times more effective than allethrin (7). There was little practically significant 

difference in the toxicity to mammals of the natural and synthetic compounds and 

allethrin was still not stable enough in air and light to extend the range of applications 

much beyond those traditional for pyrethrum. 

Several research groups continued to make synthetic pyrethroids, mainly 

cyclopentenolone esters, but none 0f the new compounds was significantly more active 

than allethrin and many were much less effective. At Rothamsted, based on our 

experience with pyrethrin I and allethrin against insects other than the housefly, we 

pursued the concept that for hest activity more than one double bond in tne alcoh31ic 

side chain of the molecule was necessary. Eventually, after synthesising and testing 

many structures, and with support (after 1962) from the British National Research 

Development Corporation, we reached the compound bioresmethrin, a molecule with 

similar overall size and shape to pyrethrin I hut with a furan ring replacing the 
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Figure 3. Relative potency of some pyrethroids 

cyclopentenone and a benzene ring simulating the Z (cis) dienyl side chain (8). The 

corresponding 2,5-disubstituted furan compound, which was more accessible 

synthetically, had been made before bioresmethrin ?nd was moderately active. For us 

therefore the decision to invest time and effort into devising and executing a synthesis 

of the 3,5-substituted compound was a crucial one and in retrospect can be seen as the 

turning point on which our future. progress depended. 



In fact, bioresmethrin was the first synthetic pyrethroid to approach the potency 

of pyrethrin I to a range of insect species and an unanticipated, but most fortunate, 

bonus was that bioresmethrin was significantly less toxic to mammals than the pyrethrins 

and allethrin, which were already very safe. 

However, in sunlight bioresmethrin was no more stable than the earlier synthetic 

pyrethroids, because both the furan ring and the isobutenyl side chain were vulnerable 

sites for degradative attack by oxygen in the presence of ultraviolet light (see Figure 3). 

These conclusions arose from detailed studies made in the laboratory of Professor John 

E. Casida in the University of California at Berkeley (9,10). Much more research then 

showed that both halves of the ester molecule could be modified for enhanced 

photostability whilst the stereochemical characteristics with which insecticidal activity 

was associated were maintained. Appropriate combinations such as biopermethrin 

(Figure 3) which had chlorine instead of methyl in the acid side chain and a meta

substituted phenyl ring instead of the furan in the alcohol had insecticidal activity 

comparable with or greater than that of the less stable related compounds ( 11 ). 

Moreover, these substitutions did not sacrifice the benefits of low mammalian toxicity. 

Other modifications to the structure of biopermethrin and related compounds 

increased still further the levels of insecticidal activity. An a-cyano group, where shown, 

approximately trebled potency and was most effe<..1ive with a dihalovinyl substituent cis, 

rather than trans, to the ester group. When all the optical centres were resolved and 

the halogen in the side chain was bromine, a highly crystalline insecticide, named 

deltamethrin (NRDC 161) was produced ( 12). This combined an exceptional level of 

insecticidal activity, the highest that had been reported for any compound at the time, 

with acceptable mammalian toxicity. Following its initial preparation at Rothamsted the 

advanced expertise of Roussel Uclaf brought this single isomer, the most active of eight 

possible, to full commercial production, as Dr Jacques Martel describes in ref (13). 

Deltamethrin was found to have appropriate stability in sunlight to control insects on 

agricultural crops, and, with application rates frequently below 50 g g ha·1
, in use it 

presented a very low hazard to mammals and to non-target species. 

OTHER PHOTOSTABLE COMPOUNDS 

Whilst the work described above leading to the photostable cyclopropane based 



50 

synthetic pyrethroids was in progress. chemists of the Sumitomo Chemical Company in 

Japan had made the important and significant discovery that esters of some substituted 

phenylacetic acids, particularly with a-cyano-3-phenoxybenzyl alcohol, were very 

powerful insecticid~s. Figure 4 outlines the sequence of compounds involved in their 

research. 

OHNOet~I. 
(o ,, I : (° 
o~,... Cl~ 0 ~01 I I 0 I · 

~ ~ 

• "( 0 y{y' 
' 0 

$ACTIVE 

R MUCH LESS ACT1VE 

Sumitomo Cheml~.al Co. 1973 

Figure 4. Development of Fenvalerate 

This innovative work led in 1976 to the first commercial photostabie pyrethroid, 

fenvalerate, a 4-isomer mixture, which has been followed (1986) by the single isomer 

Ac;ana (14). 

COMMERCIAL DEVELOPMENT OF PYRETIIROIDS 

Very rapid commercial development of synthetic pyrethroids followed when the first 

more photostable compounds (permethrin, cypermethrin, deltamethrin and fenvalerate) 

were found to be particularly effective against economically important pests such as 

lepidopterous larvae on cotton; these were controlled at exceptionally -low rates of 

application. The new class of insecticides became available at a very opportune time 

when resistance developing in pest species was requiring unacceptably high rates of 

application for the established organochlorine and organophosphate insecticides. 

Figure 5 shows the most active isomers in some of the cyclopropane based 

pyrcthroids that have been developed. In addition to the compounds already mentioned, 

in cyfluthrin ( 15} a 4-fluoro substituent on the benzyl group enhances potency to a 

numhcr of insect species. Crystalline equiproportion mixtures (alpha-cypermethrin 

(16,17) and lamda-cyhalothrin (18)) of the most active isomers in cir-cypermethrin and 
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cis-cyhalothrin. respectively. with their inactive enantiomers. are very active insecticides 

manufactured without specific resolution steps. 

The merits of commercial insecticides based on single isomers have been 

discussed ( 19). 

(1R] TRANS 

~-·Yt_o~o'©J 
f PERMETHRIN 

Cl Cl 

N 

; 0 Ill 

1A0~o'©J 
x y x y z 

Cl Cl H CYPERMETHRIN 
Cl Cl F CYFllJTHRIN 

(1R) CIS 

Cl PERMETHRIN 

x y z 
Cl Cl H CYPERMETHRIN, FASTAC 
Cl Cl F CYFLUTHRIN 
Cl CF3H CYHALOTHRIN 
Br i3r H DEL TAME THRIN 

Figure 5. Active isomers in cyclopropane pyrethroids 

The range of structures within the group which have useful insecticidal activity 

has continued to increase (Figure 6). Cycloprothrin (20) with diminished fish toxicity 

is valuable against pests of rice. Flumethrin, a compound with 4-chlorophenyl instead 

of chlorine in a trans acid side chain has exceptional activity against cattle ticks (21). 

Fluvalinate, extending the range of structural variations of f envalerate, controls spider 

mites and is non-toxic and non-repellent to honey bees (22). Bifenthrin (23) is active 

against insects (including aphids) and mites (as is fenpropathrin (24); (Figure 7)). 

Tefluthrin (25) with a higher vapour pressure than most other pyrethroids is active 

against soil pests, such as the corn root worm, Diahrotica ht"l!tcata. 

Many of the ahove developments have been more stahle compounds suitable for 

agricultural applications; other products such as empenthrin (26) and prallcthrin (27) 

(Figure 7) are particularly suitable for domestic applications. as indicated. 
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Figure 6. Halogenated pyrethroids 

FENPROPATHRIN (1973) ·mites 

EMPENTHRIN (1984) ·volatile; clothes molh 

Figure 7. Cyclopropane esters without halogens 
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MORE RECEl\T DEVELOPMENTS 

The survey above has been restricted to products developed commercially hut many 

more related compounds have been synthesised in the process of optimising activity; 

the scope of this effort is indicated by Naumann (28). Active compounds (Figure 8) 

without ester groups such as oxime ethers (29) were challenging indicators of future 

advances. realized in one series as the innovatory compounds Mll 500 and Mll 800 

(30). which amongst other valuable properties. have low toxicity to fish. Such non

esters. which are without centres of asymmetry. stimulated further research and thence 

products exemplified in Figure 8 (31;32.33;34). Significantly active silicon and tin 

derivatives (35) (Figure 9) suggest that other interesting compounds await discovery. 
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Tsushima et al., 1989 RELATIVE POTENCY 
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Figure 9. Recent developments 

ENVIRONMENTAL BEHAVIOUR AND ';OXICOLOGY OF PYRETHROIDS 

Pyrethroids su~h as pvrethrin I, allethrin and resmethrin are powerful insecticides with 

low toxicity to mammals, which metabolise pyrethroids at one or more sites efficiently 

(Figure 10). These insecticides are also degraded readily photochemically and are 

suitable for applications that do not require stability in light. The hazard associated 

with using permethrin, cypermethrin, deltamethrin, and related compounds is small 

because they retain multiple sites at which they are metabolized in biotic systems. They 

are still somewhat susceptible to photochemical degradation, but the reactions by which 

this proceeds are much slower, because the more stable compounds absorb light and 

transfer energy intramolecularly relatively less efficiently. These characteristics are the 

basis for the favourable combination of properties of the more photostable pyrethroids. 

An important feature of pyrethroids is their differential potency between insects 

and mammals (36). These favourable toxicological properties depend on their ability 

to penetrate rapidly to, and interact with, sites of action in insects; these are probably 

sodium channels of the nerve membrane where compounds such as deltamethrin are 

active at concentrations as low as 10·12M (37). In contrast, after external or oral 

administration to mammals, pyrethroids are largely converted by hydrolytic or oxidative 
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attack to polar metabolites which are then eliminated in the faeces or urine, unchanged 

or as conjugates, before sensitive sites can be reached (38). 

Commercially availat,le photostable pyrethroids are effective in the field at rates 

of 200 g ha·1 or less, and with the most active compounds such as deltamethrin, alpha

cypermethrin or lambda-cyhalothrin 10-25 g or even 5 g ha·1 (for special applications) 

may be effective. In contrasi, with organochlorine, organophosphate or carbamate 

insecticides rates of 1 kg ha·1 are common, frequently higher if pests are resistant. In 

the field the photostable pyrethroids persist on crops for 7-30 days whilst insect 

infestations are controlled; residues then reaching the soil are metabolized by routes 

comparable to those in mammalian systems and give polar products which are bound 

to soil particles, where they are further degraded. Residues of non-polar products do 

not therefore accumulate to contaminate the environment. 

In some circumstances, pyrethroids are toxic to fish, probably because, as 

lipophilic compounds, they are adsorbed strongly by the gills even from low 

concentrations in water. In practice their impact is much less serious than might be 

predicted because their concentration in aqueous media is much diminished hy 

adsorption onto river hanks, pond sediments and organic matter with which they are in 

contact (39). 
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PRESENT AND FUTURE APPLICATIONS OF SYNTIIETIC PYRETIIROIDS 

Insecticides such as DDT and other stable chlorinated hydrocarbon compounds, able to 

provide active residual films, transformed concepts of insect control and for a brief 

euphoric period. promised to provide the ultimate panacea. However the parent 

compounds and their degradation products proved in the long run too pervasive 

throughout the environment at the relatively high application rates their level of activity 

required. Because they are one or two orders of magnitude more active than DDT and 

not unduly persistent, pyrethroids can be considered as replacements for chlorinated 

hydrocarbon insecticides in applications from which they are not excluded by higher 

costs. 

As well as being applied to agricultural crops (over 70 million ha are estimated 

to have been treated in 1987) including cotton, compounds such as cypermethrin and 

cyhalothrin are now used in the animal sector as ectoparasitici<les and in the health and 

household insecticide market. Permethrin, which has the lowest mammalian toxicity of 

the more stable compounds, is formulated against human head lice and i~ proposed as 

an alternative for termite control. 

Knowledge of how structure affects potency for important practical uses (activity 

against economically important pest species, acaricidal activity, selectivity between pests 

and beneficial species, persistence on crops and in the environment, rapidity of action, 

antifeedant or repellent properties, toxicity to mammals birds and fish etc.) is being 

rapidly accumulated. Strategies to guard against resistance developing (40) and to 

diminish adverse effects to biological systems by appropriate choice of timing and site 

of application are increasingly recognized as of outstanding importance. The prospects 

of developing pyrethroids with properties appropriate for particular insect control 

applications are therefore excellent, but the present range of compounds being already 

so potent, efficient exploitation of further improvements in intrinsic activity may not 

always be possible ( 41 ). 
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DELTAl\IETHRI'.': - :\ CH..\LLE'.\GE I'.': PROCESS DEVELOPMENT 

J:.' 'QL ES \1.-\RTEL 
Rous:-el Udaf. l).3~30 Rumai:ivilk. Frann! 

ABSTR.\CT 

The industri;JI stereo:-dective route to <ldtamethrin was built taking advantage of the 
hasic progress already accumulated in the S - hioallethrin synthesis. The stereospecific 
synthe:-is of the d I - trans-chrys<mthemic acid discovered in I% 7 was retained as well as 
the especially convenient resolution step. It remained to turn 1he advantageous produc
tion of either d or I - trans chrysanthemk enantiomer intu a similar advantageous 
production of the chiral acidic moiety re4uired for deltamethrin. This ( ! R. 3R) - 3 - (2.2 
- dihromovinyl) - 2..2-c..limethyl - cydopropa:ie - carhoxylic acid he longs to the ci'i wrin 
and the forecast transformation of a trans derivative into a cis one had to he performed 
against the thermo<lynamical ten<lency of these strm:tures. Production of deltamethrin 
should formally imply esterification of the chiral acic..I with,, - cyano -m- phenoxyhenzylic 
alcohol with the (S) configuration. Other challenges concerning deltamethrin synthesis 
deal with access to radiolahclled forms, y, hich were requirec..I for different sp\!cific studies 
related to development, such as photoJegrndation. himkgradation, metaholi!-im in plants 
and anir.lals etc. Synthesis leading to S different 1-lC lahelleu deltamethrins and 2 other 
3H lahelled c..leltamethrins is briefly describe<l. 

INTRODUCTION 

Deltamethrin (Figure I) is an ester derived from a cydopropanecarhoxylic acid and a 
henzyli1.: alcohol. which ren1..krs the compound sensitive to hydrolytic conditions. The 
douhle hond in the acidic moiety and the qrano-group in the ~ilcoholic moiety enh;.111ce 
the fragility of the ester linkage. Aqueous acidic mc:dia arc particularly <.ktrimental to 
tht· cyano-group. which can afford•• carhoxyl group via thr.: amidr.: intermediate. Similar 
experimental conditions (Figure 2) may lead to double ho11d hyuration. carhoc:1tion 
fo1 mation at onr.: alplw-position of the: cyclopropane and ~uh~~:quent ring opening in an 
horno<dlylic type rearrangl.!ment. 
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Comparative activity of dertamethrin and its 7 stereoisomers 
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llm\ewr. the main prohlem lU he solved in the manufacturt! of 'khamethrin arises 
from ib '>lert!ochemical fe&1ture:.. In this re:-.pect, the stereochcmistry of ddtamethrin is 
as complex ~1:-. that of the natural pyrethrins of scrie:-. I (Figure.-' J. which are tkrived from 
natural chrysanthemic acid. Pyrethrins II are derived from natur:•l pyrethric acid and 
have an additional feature of asymetry around the douhle bond of the side chain. Thus. 
a non-stereuselective deltamethrin synthesis can generate 8 :-.lcreoisomers. since there 
are .3 asymetric centres leading to z-1 different three-dimen. ... ional molecular arangements. 
Of these eight pos:-.ible isomers only two are highly insecticidal. namely, deltamethrin and 
to a lesser extent its C-3 epimer, which is its IR trans diastereoisomer (Figure 4). In 
practice. it is ohviously sensihle to use only the most potent isomer to avoid a useless 
dilution of activity by cumponenb of no insecticidal value. but which may have a 
detrimental ;inpact on the environment. 

SY!\THESIS STRATEGIES 

From a general mdustrial point of view, expensive chemical reactions are only justified 
when they lead to the desired hioactive suhstance with the hest rransformation yield. This 
condirion is systematically ham;:-ered when the desired substance is diluted by several 
worthless isomers of different chemical reactivity. resulting in a series of unwanted 
side-products. Since huge industrial investments are required tor the large scale produc
tion of compounds, even when endowed with very high biological efficiency, several 
parametas have tu be considered in the forecasting phase for a production plant. It is of 
concern tu ohtain the marketable suostance at the highest concentration. Thereby, only 
the nc:!cessary minimum of industrial resource need be devo1ed to such manufacture. 
These general constraints justify an isomeric selection strategy. leading to the rejection 
of any non-specific synthesis generating the 8 forecast isom..:rs (o of them absolutely 
unwanted), in favour of a route lc:!ading to the single isomer dehamethrin, by far the most 
potent insecticide of the series. 

Theoretically. such a synthc:!sis requires total control of the.! stereospecific routes to 
the (IR, JR) or l R cis or d-cis-dibromo acid as well as of the (S) alcohol to be esterified 
(Figure 5). Based on our early experience in this field anti on the thermodynamic 
considerations concerning the expected acid we did not try to :-.olve access to the IR ID 
dihromo acid hy direct and stereospecific synthesis. Vinylcyclopropanccarboxylic acids 
of the ill- series arc rather thermodynamically unstahle isomi:rs, very prone to an easy 
conversion inlO more stahle trans isomers (Figure 6 ). either through inversion of configu
ration at C-1 (IR ill giving IS trans derivatives) or by more complex mechanisms implying 
transient ring opening. In this case, racemization results. 

In contrast, access to l..Glilli derivatives with high selectivity is secured \\.hen thermo
dynamic equilibrium is reached. Consequently. we chose in 1 %4 to replace the hazard
ous diazo : .. ynthes1s of chrysanthemic acid by a safer novel route to thcrmo<lynamie<tlly 
expec1ed .II.i.lJ1!1 deriva1ive .... i.e., a one pot synthesi-. of di l..Glilli chrys;ulthemic acid (Figure 
7). This involves I A - addition of a transien1ly activated isoprcnoid moiety onto a /J. 
/3-dimethyl-acrylic e-.1cr. immediately followed hy J l,J-clinun~1tion of the activating 
group and formation of a cyclopropanc ring. Aryl-.ulfone is ah ... olutc:!ly necessary for the 
1,4-addiion 10 /i. /J-disuhstitu1ed aaylic esters which arc resistant to Michael reactions, 
even in Kohler com.Ji1ions with copper chloride or <llher <.:a1alys1s. This very cffi<.:icnl 
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symhc"'i"' of di tran"' duy"'amhemic acid offers many advamagc-. for pyrethroid synthesis. 
The proce"s is safe. starting materials are cheap and abunuant, chemical yield and 
stc:relhl! kctivity are high. so that an easy resolution of the race mate leading to the natural 
trans i"'omer could he carried out. Industrial scale success of thi:-. delicate step is of prime 
importance for the application of isomeric selection to commercially existing pyrethroids 
(Figure 8). fiN for allethrin, then for resmethrin when it appe~ired and finally to NRDC 
l5h, in which deltamethrin is entrained. At the esterificatidn step, replacement of 
racemic di cis trans acidic moieties by the singled trans isomer dearly more than doubles 
the content of the specially potent isomer (in each family) and thus should about double 
the insecticiJal value of the resulting new ester. 

For dcltumethrin, which belongs to the d cis series, the isomeric selection results 
from other considerations but preparation of pured .lii.!fil. ch11santhemic acid is another 
corner stone in the process we elaborated. The D (-) threo-derivative (Figure 7) from 
our chloramphenicol synthesis proved especially suitable for the resolution of our race
mate. Following combination of the optically active base with the l.Ii!.!h acid to be 
resolved, only one diastereoisomer crystallizes from solution while the other remains 
soluble. The solid material containing the natural chrysanthemic isomer can be filtered 
off and after acidification affords the pured trans enantiomer with excellent yield and 
optical purity. Kfter long standing or after several resolution runs, seeds causing crystal
lization of the second diastereoisomeric salt can appear, therclly preventing the enanti
omerioeparation. Fortunately, nothing similar happened in th.: present case since 1964, 
even under forcing conditions and after the manufacture of scv·eral hundred tons of the 
natural hut synthetically produced isomer. Its esterification (Figure 9), first with racemic 
allethrolone then with the 4(S) alcoholic enantiomer, provided Bioallethrin, then Estiol, 
with complete isomeric selection. Bioresmethrin was produccJ similarly. 

The ahove success in the trans series initiated applicatio11 of isomeric selection to 
N RD(· 150, the mixture of two diastereoisomers previously mentioned. The manufacture 
of natural chrysanthemic acid left an equal amount of resolved hut unu!>ed I trans isomer. 
lnwrsion of both the l)'clopropane asymetric centres from the wrong S to the desired R 
absolute configuration would convert this waste into the prc:ious natural isomer. In 
similar cases one goes hack to the racemate. which is then passed through the chemical 
reaction cycle again. Here, the chirality and trans optical isomerism are related to two 
asymetric cyclopropanic carhon atoms, implying that the return from one optical trnns 
isomer to the racemate requires (Figure IO), a specific hom11lytic cleavage lif the 1,3 
cyclopropanic bond connecting the 2 involveJ atoms, u diffo.:ult reaction to perform 
efficiently uue to complications attending radical formation. :\ better solution might he 
found in the succes!'livc inversion (or epimerization) of the two asymetric centres from S 
to R configuration (Figure 11 ). Theoretically, whichever chir1.1I carbon atom we forecast 
to invert first ( C-1 or C-3) rcqu ires passage through a ill derivative and this is not fc:.1voured 
thermodynamically. Some kind of ring stabilization of the ill !>tructure as soon as it 
appears from the chemical reaction might overcome thb problem. In the upper route 
(Figure 11) we obtained a lactonic stabilized ill structure in al'idic medium (Figure 12), 
which also made available ill stahilized cyclic structures fr,>m 1!.ilLb isomers at the 
cpimerization step anu enabled us to study the insecticidal anu already promising 
properties of the: new unnatural d cis chrysanthcmic acid ucri' ;1tivcs. 

To further the conversion of a 11..Q.illi. worthless enantiomc:r into the d lLa.Cb one and 
to stuJy the: lower route: of Figure I I. we faced the prohlcm ot the inversion at C-J. A 
Walden i111,cr~io'n hy a preferential proton cxchangc at C-3 i11 a hasic medium require~ 
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al·tivation in the alph••-po:-.ition of the cho:-.en :-.ite. This ret1uirement at C-3 must be 
compatihk with the presence of a carhoxylic activating group at C-l. An aldeh_:dic 
function re ... ulting from an oxidative splitting of the double bond in the side chain could 
very probahly fulfil these requirements. Ozonolysis of the nO\\ acc~..;sible dill. chrysan
themic isomer (figure 13) followed by reduction in situ of rhe transient methoxyhy
drnperoxide gives effectively the crystalline hemicaronaldeh~de of the d_cis__structure 
stabilized by i;,s cyclic lactolic arrangement. Furthermore. only one single isomer corre
sponding to the exo-derivative with its hydroxyl group of (R) l·onfiguration was thereby 
produced. Under alkaline conditions the I trans hemicaronaluehyde from I-trans chry
santhemic a~id ozonolysis (Figure 14) easily underwent a C-3 epimerization through 
which the enantiomeric lactolic arrangement I m (IS 3R) i ... expected, validating the 
lower route of Figure 11. Wittig reactions with phosphorou ... ylides (phosphoranes or 
phosphonates) carried out on the lactolic masked form 1~f the aldehyde function (Figure 
15) are possihle with full retention of the absolute co•1t. i::11rations of the asymetric centres 
included in the starting lactolic material. In route A. C-1 imasion gives access to the 
natural d trans chrysanthemic or chrysanthemoid J<:ids, while route B is especially 
convenient for exploration and preparation of numerous novel and promising d cis 
insecticides. 

In this way. wr?. Ji:.;covered (Figure 16) the very powerful knock-down properties of 
kadethrin while. at Rothamsteli Experimental Station using our route B, Dr Elliott 
discovered the powerful killing properties and photostability of various halogenated 
derivatives in the dihalovinyl series, among them the tw<~ diastereoisomeric mixture 
coded NRDC I So. From the mixture obtained hy esterifiction of the dill acidic moiety, 
in which X = X 1 = bromine, with the racemic C}anohydrin alcohol, one diastereoisomer 
partly crystallized. This was NRDC lo 1 momentarily named hy ourselves decamethrin. 
then deltamethrin for registration reasons. The insecticidal potenl.')' of the two diasterc
oisomeric mixture resides in the crystals in which the asymetric centre of the alcoholic 
moiety has the (S) absolute configuration. We were evidently i1; an undisputable position 
for industrial scale access to deltamethrin isomers but we h;.1J to solve two industrial 
prohlems. of which the first involved replacing the final Wittig reaction for the acid 
component by a cheaper method allowing also for the in:-tahility of the dibromo
methylene ylide. Bromoform addition (Figure 17) onto the lactolic form of the dill. 
hemicaronaldehyde leads once again to the lactonic stabilized l'.is form of an a-tribromo
carhinol, from which acetylhromide can he eliminated by aceti~ acid/iron treatment after 
aci:tylation. Figure 18 ... hows the complete scheme for the synthesis of the deltamethrin 
acidic moiety. 

A convenient industrial access to deltamcthrin requires combination of the optically 
pure d cis acidic component with the pure S-cyanohydrin alcl)holic isomer, a henzylic 
cyanohydrin, weakly stable even in weak acid medium and readily hydrolysed to the 
corresponding amide anJ carhoxylic acid. We reached several original solutions relevant 
to S-isomer access hy chemical means hut the question is not conveniently solved at an 
industrial level even with biological or enzymatic implementations. Practical and cheap 
results can he obtained for ddtamethrin production based on its properties: 

There is an especially mobile henzylic proton a to the cyano group. 
2 The desired ester (i.e., dcltamethrin) is crystalline. 
3 There is il mJrke<l difference in the solubility het\\ecn dcltamcthrin and its 

diastcrcoisomcr arising from the R alcoholic moiety. 
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On the hasis of 1hese fal·tor-.. \\t: achie\ed tht: liirt:ct incorporation of the raccmil· 
alcoholic moiety and it-. complt:ll' transformation into the singlc (S) expcctl.'d configura
tion ( Fi~lirt: JlJ). Tlw raccmi...: l·~anohydrin combined with op1il'ally purc d cis dihromo 
al'iJ gives a crude e ... tcrification product which. when totally di-.sol\cd. consists of ~1hout 
e4uimolecular proportions of two dia,tcreomcrs. i.c .. IR l·i-. ..:stcr of S-akohol ( ddta-
1111.:thrin) and IR cis ester of R alcohol (worthlc-.-.). From a mixture of the:-.e two e-.tcr' 
in ;.1 cardully chosen lxN.: ... ohcnt pair (e.g .. tricthylamine in isopropanol ). partial cry-.tal
lization of lkltamethrin occurs. The remaining soluhk phasl· momentarily enrit'hcd in 
the wrong diastcreoisomer. then promotes henzylic prototrop~ to restore continuously 
tht: original equimolernlar equilibrium representative of th;: lli..,solvcd -.tale. llcl\\C\cr. 
udtamcthri n crystallizes out again. sot ht:re is a continuous ster1.:oconvcrsio11 of the wrong 
isomer into the rc4uircd one (R into S): the vl!ry low suluhil1ty of ddtamt!thrin in the 
chosen medium furcts a "second onkr resolution·. or "Jcra'"cmization· to go to near 
completion. A critiGtl con-.cqucnce of the high in-.olubility of dcltamdhrin in the dm.,cn 
experimental medium i ... that the very fragile cskr from a hti1zylic cyanohyJrin Gin hl' 
ha11Jlcd in an alkaline mr:dium witboul the chr:mical c..kgrad<11ions !hat thi ... strm:ture i-. 
prone to in -.olution. 

Thus. the: final inJu-.trial stercu ... pecifit: ... ynthc:sis of Jell;.rnr:thrin (Figure 211) pro
dul'e:-. only thr: requireJ i'.'lomr:r among the 8 pm'.'lible onc'.'I. c..l..: ... pitc the involvement of 
two ral'ematcs (JI tran-. ;1dJ anJ JI cyanohydrin alcohol). The: ~1creospecific synthe'.'li'.'I of 
di dtrysanthemic aciJ has been converted into a very dficit:nt .u1d wholly sh . .:reo'.'lpel'ific 
access to Jill pure Jcrivative. Finally. both raccmic constitue1~h arc u-.cJ in the -.ynthcsi-. 
without rejection of any material. 

S\'l\THESIS OF RADIOLAHELLED DELTA\IETHRll\ 

Synthesis of the Fi\e l.JC-Derh·atiws (Figure I) 

RaJionudiJc in thc -.ide chain of the adJic 11.li!k.ly_. Dr Ulrott c..h.:-.cribcd in 197h an 
inJirect routc for preparation of the Ji( hloro analog. It con:-.i-.is of elaboration of the IS 
trans isomer which was partially converteJ into the desircJ IR ffi systc:m by thcrmal 
cpimerization of the acid chloriJc. We <idopced the direl't ;1pproad1 (Figure 21) \ ia 
addition of labeled hromoform to the IR ill hemicaronalJch~tk lactolic maskcd form. 
Deshydratation of the halohydrin provides the ring scahiliz1:J cis lactonc which was 
rcJuccd to the expected IR ill dihromovinylic acid with zinc in <KiJic medium. 14C-la
helled hromoform i-. obtained from 14C-f(,((,f(-trihromoacctophenonc. For the lattl'r. 
1
-'C-methvlmagnesium ioJide (from 1"'C-harium carhonatr:) is l·onJen-.cd with hr:nzaldc

hyJe, foll~1wcd hy u-hromination of the resulting 1 \~-acetop11cnonc. lkn.:. thr: main 
difficulty lie-. in the in-.tahility of lahckJ hromoform. which u11dergoc:-. raJinlytii.: degra
dation. The last step of hromoform synthesis involveJ alkalir11: ·l!atrnent of the labeled 
acctophcnonc JilutcJ with colJ acetophcnone anJ even with a low specific activity of 
5mCi,'mmol. panial J~compo. .. ition 01:1:uiTcd. I lowcver. th1.: ( ·-2 l<sl1cll:d dcl1a111clhri11 
with a spl.!cific activity of :'i m('i/rnrnol was finally ohwinl.!d in 1ilis way. 
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Ra<lionudi<le in the ~cm Ji methyl <.:yclopropanic ~roup (Figure 2.2). This synthesis i:-. 
hased on a cydopropanation method described hy Corey in 19h7. ll involves addition of 
the diphenybulfonium isopropyliJe to the conjugated Jouhk bond. here of a hyJroxyfu
ranone Jerivative. To avoid the loss of the labekd IS ili en~mtiomc:r at the necessary 
re:-.olution step after cydopropanation. we performed an asymetric synthesis starting from 
an optically active 5R diastereuisomer. A convenient derivati\e was finally obtained hy 
chromatographic separation of the two isomeric mixture from reaction of the racemic 
5-hy<lroxyfuranone with the S form of the phenoxyphenethyl alcohol. The radioactive 
reagent was prepareLI hy alkylation of the diphenylsulfonium ethylide with l-tC-methyl 
iodide at -70'1C in dimethoxyethane. The isoprnpyl sulfunium salt is immediately de
protonate<l in the same medium without separation and add..:d to the furanone ether 
derivative. The fast and very stereospecific reaction provides only one bicydo-compound 
with the exo-alkoxy group. the result of a trans addition. In the 1-.cy qclopropanation step, 
the configuration of the two chiral centres created is imposed by that of the furanone 
asymetric c~uhon atom. Thus. starting from the pure 5R ether, the single reaction product 
is the IR cis caronalJehyde derivative. 

ll1e two methyl groups in Figure 22 are marked as lab..:led hut in fact only one 
I-tC-methyl group is present per molecule and can he in either the endo or exo position. 
Hydrolysis of the ether group gave the acid akkhyde which was then subjected to a Wittig 
reaction to introduce the dihromo side chain. Pure deltamethrin can be obtained from 
the racemic 9anohydrin via our stereo-conversion proct!ss (l "igure 23 ). For radiosyn
thesis it is sometimes easier or faster to use the pure S alcoholic form. We obtained this 
hy two different cht:mical routes: (I) resolution of the racemii: alcohol via ether ueriva
tives of the IR cis caronaldehyde (Figure 2-1-) a new method has~d on the ability of lactolic 
forms of chiral acid aldehydes to produce ketals with the r<1cemic forms of different 
alcohols. This affords directly the diast~reoisomer pair th:..it was sought previously 
through <lc:rivatizations. mainly via hemiester formation, then combination with a chiral 
base. The diastereoisomers may sometimes be separated by rnl.!re crystallization. Taking 
advantage of the acidity of the u-proton to the ketal linkage it is also possible to turn an 
oily unwanted stereoisomer into the crystalline desired one wi1h reverse configuration at 
the alcoholic asymetric centre. Lastly. this method i:-. especially convenient for fragile 
akhohols such as cyanohydrins because they are also handled free in soft acidic media: 
(2) ddtamdhrin itself tan be split hy a borontrih<ilide under mild conditions. the only 
known reaction which breaks the ester function without d;,maging the cyano gi oup 
(Figure 25). 
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R~1dio11udidc in the akohol moictv. (a) On the C\ano ~roup: d1e labdcu l'vano ~roup i::i 
ca::iily i111rmluccd hy aduition of 1°'C-::iouium cyani~k to the 3-p11enoxybcnz~luchyuc. (h) 
in the hcnzdir po~ition: carbonation of the Gri~narll rea!.!ent from ~-pheno.w bromohen
zcnc with I-t(_ ·o.:: gavc the l-tC-acid. then aldd~ydc and henzyf ;l. labeled l)'~no-akhohol 
(RS) for com er::iion into udtamcthrin, as in the me thou lfe,crihed by Elliott for the 
rallio~ynthcsis of permcthrin. 

Radionudidc in the tcrminal aromatic ring. Randomly lahdcd l-tC-phcnol is condensed 
with .1-hrnmohcnzaldehye for ronvcr~ion into terminal ring-l.1hdc<l L-yano-akohol and 
hcm:c terminal ring bhdcu <ldtamethrin. 

S) nthesis of Tritium labeled Derivatins 
The two tritiak<l derivative~ (Figure l) are ohwineJ by hydn.::;cnolysis with tritium gas 
of the appropriate hromo-precursors (Figure 26 ). The anion frdm butyllithium action on 
3-phcno.\yhcnzakkhy<lc dimethylacctal reacts with bromine at low temperature to give. 
<lepcnding on the experimental con<litions, bromo-dl!rivati' cs from which the pure 
2-hromo-a!Jchy<lc is separated by column chromatography. thcn reacted with tritium gas 
and pallauium catalyst to give the pure 2-tritiate<l aldehyde. Alternatively, 3-phenox
yhc111alJchyuc is hrnminated (Figure 27) followed by tritiu111 exchange on the corre
s~o~H.ling dimcthylacetal to g~ve a ~nixtur~ of ~ritiateu n_10l~cules from w!1ich 
4 -[ HJ-3-phenoxyhenzaldehy<le ts readtly obtamed, tor conversion mto deltamethm. as 
described. 
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In respect to the number of co11111ercially available compounds, and their 
importance in the market, the azole fungicides are the most important 
group of specific fungicides. This article reviews the special properties 
which are the basis of this success. The discussion includes the modes of 
action, resistance and the systemic movement of these compounds in plants. 

INTRODUCTION 

Specific fungicides have been available to agriculture for about 25 years. 
Up to the late sixties, only the so-called 'conventional' or 'multisite' 
inhibitors, such as the dithior.arbamates and the phthalimides, were at the 
disposal of the farmer. 

Among the specific fungicides, the azole group seems to be outstan
ding in view of their importance to the market, and the number of com
pounds which have been introduced into the market since the early seven
ties. Azole fungicides consist of the two subgroups, the triazole com
pounds and the imidazole compounds. Although only 5 imidazole compounds 
are currently available, more than 20 compounds of the triazole subgroup 
were available in 1989 (Table 1). The following short article attempts to 
describe some of the reasons for this obvious success. More detailed in
formation is available from other recently published review articles [I] 
(2), (3). 



convnon name 

IMIDAZOLES 
imazalil 
prochloraz 
fenapanil 
triflumizole 

TRIAZOLES 
fluotr imazo le 
triadimefon 
triadimenol 
bitertano l 
prcpiconazole 
etaconazole 
dirlobutrazolE 

penconazole 

f lutriafol 
diniconazole 
flus ilazo le 
tebuconazole 
hexaconazole 
cyproconazole 
myclobutanil 
difenconazole 
imibenconazole 
tetraconazole 
furconazole 
fenethanil 

bromuconazole 

* added in proof 

TABLE l 
Azole fungicides 

code no. 

R 23979 
BTS 40542 
RH 2161 
NF 114 
UHF 8615 

BUE 0620 
MEB 6447 
KWG 0519 
KWG 0599 
CGA 64250 
CGA 64251 
PP 296 
BAS 45406F 
CGA 71818 
PP 969 
pp 450 
s 3308 
OPX H6573 
HWG 1608 
pp 523 
SAN 619F 
RH-3866 
CGA 169374 
HF-6305 
M 14360 
LS 840606 
RH-7592 
SSF 109 
LS860263 
BAS 480F 

company 

Janssen 
Boots / Schering 
Rhom & Haas 
Nippon Soda 
Ube / Hokko 

Bayer 
Bayer 
Bayer 
Bayer 
Ciba-Geigy 
Ciba-Geigy 
ICI 
BASF 
Ciba-Geigy 
ICI 
ICI 
Sumitomo 
Dupont 
Bayer 
ICI 
Sandoz 
Rohm & Haas 
Ciba-Geigy 
Hokko 
Montedison 
Rhone-Poulenc 
Rhom & Haas 
Shionogi 
Rhone-Poulenc 
BASF 

CHEMISTRY ANO STEREOCHEMISTRY OF AZOLE FUNGICIDES 

year 

1972 
1977 
1978 
1983 
1988 

1973 
1973 
1977 
1978 
1979 
1979 
1979 
1983 
1983 
1983 
1983 
1983 
1984 
1986 
1986 
1986 
1987 
1988 
1988 
1988 
1988 
1988 
1988 
1990* 
1990* 

Within the azole fungicides, a very diverse range of chemical structures 
exists. These are usually arranged according to their functional groups. 
I. Azoles with keto groups are represented by the first systemic triazole 
fungicide, triadimefon. This compound set new standards for di~ease 
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control. II. By reduction of triadimefon, triadimenol is prepared. This 
compound introduces another important subgroup of the triazoles, the 
azoles with hydroxy groups. Other members of this large group are biter
tanol, tebuconazole, diniconazole, cyproconazole and hexaconazole. Ill. 
Triazoles with ~etal groups are represented by propiconazole and etacona
zole, the first of which has been shown to be a highly active broad spec
trum compound. IV. Examples for azo les without other functional gt·oups are 
penconazole and fluotrimazole. The latter was the very first triazole 

fungicide and is chemically related to clotrimazole (an imidazole deriva
tive, patented in 1967 by Prof. Btichel from Bayer). Today, clotrimazole is 
one of the most successful antimycotic compounds in medical use. 

R,S-TRIADIMEFON 

(+)R-TRIADIMEFON (-)S-TRIADIMEFON 

sXR sXR 

1R,2S 

(+)threo 

1R,2R 1 s. 2 s 
(+)erythro (-)erythro 

TRIADIMENOL 

1S,2R 

(-)threo 

Figure 1. Reducti0n of triadimefon enantiomers to triadimenol enantiomers. 
Chiral centers are marked with an asterix. 
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Many of the azole compounds have at least one chiral carbon atom. The 
question concerning the influence of stereochemistry upon biological ac
tivity is therefore of particular interest. Well documented examples for 
significant differences in activity of stereoisomers are the triazole com
pounds etaconazole, propiconazole, diclobutrazol, bitertanol and triadi
menol. As an example, the synthesis of triadimenol will be examined in 
more detail (Figure 1). Triadimefon, the parent compound, has one chiral 
carbon atom resulting in two optical enantiomers (Rand S) which hardly 
differ in biological activity. The reduction of the keto group, which 
leads to triadimenol, results in the introduction of a second chiral car
bon atom and therefore leads to the formation of two diastereomeric pairs 
each of wh1ch i~ composed of two enantiomeric forms. The resulting four 
enantiomers of triadimenol have different fungicidal activities. It can be 
clearly demonstrated, that the 1S,2R enantiomer (often designated as 
threo{-)) generally has the best fungicidal activity. The effect of the 
other enantiomers differs considerably. The lR, 2R-form has the next 
strongest biological activity, while the other two enantiomers are less 
active. It must be mentioned, that with different fungi, different rela

tive fungicidal activities of the enantiomers are found. 

BIOCHEMICAL MOOE OF ACTION 

Together with some pyridine, pyrimidine and piperazine derivatives, the 
azole fungicides, e.g. imidazoles and triazoles, have been shown to belong 
to the so-ralled iterol-Qiosynthesis-inhihibitors (mostly abbreviated as 
"SBI"). Like phospholipids, sterols are functional components in cell mem
branes of animals, plants and fungi. Starting from acetate units, sterols 
are synthesized in cells by the terpenoid pathway to yield finally 
the last common metabolite of animals and fungi, lanosterol. Whereas ani
mals use cho1esterol as their final membrane sterol and plants stigma-, 
sito-, and campesterol, most fungi need ergosterol (or nearly related 
sterols). The biochemical pathway from lanosterol to ergosterol is, there
fore, a target for specific inhibitors for fungi, which do not affect ani
mdls ao~ p~ants. In Figure 2, the general sites of inhibition of most SBI

-fungicides are given. The inhibition of demethylation in the C-14 



87 

position of 24-methylenedihydrolanost~rol is the connon site of action of 
the so-called "DMI"-fungicides (gemethylation inhibitors) which include 
ali SBis with the exception of the morpholines. As shown in Figure 1, the 
morpholine fungicide, fenpropimorph, mainly blocks the reduction of the 

~14 double bond of 4,4-dimethyl ~8 • 14 • 24 < 28 >-ergostatrienol whereas an
other morpholine, tridemorph, predominately inhibits the ~8 -> ~7 -iso
merisation of ~5 • 8-4-ergostadienol. 

lonosterol 

HO 

24-methylenedihydrolonoeterol 

HO f DMl-fungicides 

--4,4-dimethyl-
.tt.1·14.24(2I) -ergostotrienol 

HO J.. morpholines HO 

'f (fenpropimorph) 

~·B-ergo:it<Joienol 

HO J.. morpholines 

'f (tridemorph) 

er9oaterol 

HO 

.tt,1·14-ergostodienol 
(ignosterol) 

Figure 2. Sites of action of OHi-fungicides and morpholines in the fungal 
biosynthesis of sterols. 
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Analytically, the target site of a given SBI-fungicide is mostly proved by 
the concurrent accumulation of precursors due to a block within the 
metabolic pathway. For example, the inhibition of demethylation at the 
C-14 position leads to a marked increase in the concentration of 24-me
thylendihydrolanosterol. It is currently not known whether the lack of 
ergosterol, which is the final product, or the accumulation of harmful 
precursors is the toxic principle which finally prevents the further 
growth of an azole-treated fungus. 

RESISTANCE RISKS 

Due to the broad use of azole fungicides in agriculture, the question of 
the specific risk for resistance development of azole fungicides has been 
thoroughly studied during the last decade. In view of the paper of Dr. K. 
Brent (see this volume), which deals specifically with resistance problems 
of fungicides, only some general remarks shall be made here. 

In spite of intensive studies, the mechanism of resistance of fungi to 
azole fungicide~ is still unclear. Some researchers, like de Waard (cited 
in [2]), found a reduced uptake of azole fungicides into the fungal myce
lium. Others stated a slightly reduced sensitivity of the target enzyme. 
Today, most scientists believe in a combination of several independent 
changes in fungal metabolism, each alone having only minor ef~ects. These 
biochemical results are supported by genetic studies of Hollomon and 
others (cited in [2]), who showed that resistance of fungi against OMI
fungicides has a multigenic basis. 

This interpretation correlates well with epidemiological studies on 
the selection type of different classes of funoicides. In cases where the 
mutation of a single gene is sufficient to generate a high degree of re
sistance, the so-called "disruptive type" of resistance selection is 
found. Field studies on the degree of sensitivity of a great number of 
individual fungal isolates revealed that, typically, two unconnected po
pulations can be found whose sensitivities tuwards a given fungicide 
differ greatly. 
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Azole fungicides, on the contrary, are normally characterized by a "direc
tional type" of selection. Initially. only one homogenous population 
can be detected. The possible result of repeated fungicide applications 
may be, in this case, that a gradual "shifting" of sensitivity occurs due 
to the fact that the more sensitive part of the fungal population is re
duced to a greater extent than the less sensitive one. 

Due to the multigenic basis of azole resistance in fungi, serious 
resistance problems have seldom been seen in the field. In spite of a very 
broad, worldwide use against a wide range of different fungal species, on
ly in few cases have serious problems been seen. The most important exam
ples of resistance under practical conditions are the powderv mildew 
fungi, and especially those of cereals ard cucurbits. 

Meanwhile, effective strategies are available to prevent a further build
up of resistance. According to the recommendations of the Fungicide Resi
stance Action Committee (FRAC), alternation with non-crossresistant fungi
cide groups, or the use of mixtures is generally recommended. 

FUNGICIDAL SPECTRUM OF ACTIVITY 

In spite of their chemical heterogeneity, the fungicidal spectra of azole 
fungicides have some similarities. In vitro studies have shown that, in 
general, most Ascomycetes, Basidiomycetes and Fungi Imperfecti are sen
sitive. The only important class of phytopathogenic fungi which is gener
ally not sensitive is the Oomycetes. Table 2 shows an in vitro analysis of 
the £050 values of the new triazole fungicide tebuconazole. In addition to 
the fungi listed in the table, the powdery mildew fungi, which ara obli
gate parasites, are affected to some extent by nearly all azoles. 

Under field conditions, some of the azole fungicides such as tria
dimenol, propiconazole, prochloraz and especially tt.e new compounds flu
silazole and tebuconazole can be used as broad spectrum fungicides to 
control a multitude of fungal diseases. 
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From the diseases which are actually controlled by the application of 
azoles, only the most important ones can be mentionea here. 

TABLE 2 
In vitro spectrum of the fungicidal activity of tebuconazole 

fungus 

OOMYCETES 
Phytophthora megasperma 

ASCOMYCETES 
Pyrenophora graminea 
Pyrenophora teres 

Helminthosporium tritici-
repentis 

Septoria nodorum 
Fusarium nivale 
Botrytis cinerea 

EDSO 
[ppm] 

114.00 

0.06 
0.09 

0.08 

Q. I I 

0.8I 

0. IS 

fungus 

BASIDIOMYCETES 
Rhizoctonia solani 

Puccinia graminis 

DEU-rER\JMYCETES 
Alternaria solani 

Cladosporium cucumerinum 
Fusarium culmorum 

Pseudocercospore11a 
herpotrichoides 

rnso 
[ppm] 

0.64 

<0.01 

0.62 

0.05 

0.13 

0.29 

In cereals, rust and powdery mildew fungi as well as leaf spot pathogens 
such as Pyrenophora and Septoria species are controlled by many modern 
azoles. In contrast to this, eyespot (Pseudocercospore11a) can be control
led only by very few compounds (prochloraz, flusilazole). 

In grapes and fruits, powdery mildews (Uncinula sp.; Sphaerotheca sp.), 
apple scab (Venturia inaequalis) and Honilinia species are important 
targets of several azoles, some of which (e.g. penconazole) have been 
developed especially for this market segment. 

In 1.r..Qlt.ical and subtropical crops, important targets are black and yellow 
sigatoka, caused by Hycosphaere11a sp., in bananas. Further111ore, rust and 
Hycosphaere11a diseases of peanuts and coffee rust can also be controlled. 



In the field of cereal seed treatment, azoles have been able to replace 
mercury-based seed dressings in many countries. OHi-fungicides provide 
control of a broad complex of seed- and soilborne diseases such as smuts, 
bunts and Pyrenophora species. In addition, some systemic compounds have 
an effect against early plant infections by powdery mildew and rust via 
seed treatlllE'..nt. 

Examples of further important applications against numerous fungi are 
those in ornamentals, vegetables and sugarbeet. 

SYSTEMIC PROPERTIES 

The introduction of systemic fungicides at the beginning of the seventies 
has considerably facilitated and improved the control of plant diseases 
since it enabled the use of curative and eradicative treatments. 
The fact that all azoles are at least partially able to penetrate the 
plant cuticle is a major reason for the success of these fungicides. 
Therefore, at least translaminar or locosystemic action, which is a pre
requisite for curative treatments, can· be expected. 

In view of the chemical heterogeneity of azole compounds, a great 
degree of variability in the capacity to be further distributed in the 
plant after having penetrated the plant surface is not surprising. Terms 
such as "highly mobile" or "medium systemic" are, therefore, used to 
differentiate further the degree of systemic translocation of azoles 
within the plant. 

From the available literature [I] [2], it can be seen that the azoles can 
roughly be grouped in 3 categories. The first one includes the so-called 
"locosystemic" (or translaminar) compounds (such as prochloraz, biterta
nol, triflumizole and diniconazole), which penetrate the cuticle but hard
ly move over greater distances in the plant. Examples for azoles with me
dium mobility are propiconazole, tebuconazoie and flusilazole. Triadime
fon, triadimenol, cyproconazole and myclobutanil are representative of the 
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third category, which include highly mobile azoles that are relatively 
quickly translocated over greater distances in herbaceous plants. 

All azole compounds are translocated predominantly in the apoplast, the 
non-living parts of the plant. Their mobility in the symplast (the living 
part of the plant such as the phloem) is thus far minimal. As a conse
quence the translocation of azoles within the plant is confined to the 
acropetal direction. Systemic protection is, therefore, limited to such 

cases where sufficient quantities of active ingredient have been applied 

to the basa~ parts of a leaf, shoot or seedling. 
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The distribution of a chemical applied to a plant depends on the molecular structure 
of the chemical and the nature of the plant. There are two long distance 
translocating mechanisms in the plant, the apoplast and the symplast, which are 
separated by a single membrane. If the chemical remains mainly in the external wall 
and xylem water of the apoplast it will only be able to move with the transpiration 
water from the direction of the roots to the leaf margins, but if it is able to cross the 
membrane and accumulate in the symplast, then it may translocate to the meristems 
and storage tissues. 

Solutes may be retained in the symplast by at least four mechanisms, adsorption or 
partition within the. cell, response to the cell electrical potential, differential 
permeability of weak acids, and active transport. Adsorption and partition are most 
likely to reduce translocation, and the cell potential is most important for ionic 
compounds, especially cations. Most xenobiotics are probably retained by the 
symplast because they are weak acids, but there is increasing evidence that some 
herbicides and plant growth regulators are held in the symplast by active processes. 

To understand the factors controlling translocation requires an understanding of 
the structure of the plant and, in particular, the chemical interactions between the 
xenobiotic and the different components of the apoplast. symplast and membranes. 
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INTRODUCTION 

Biocidal a;;tivity is the product of inherent activity and concentration at the site of 

action, NCT the concentration in the spray tank or on the surface of the organism. 

If the site of action is in the tissues beneath the spray deposit then contact action, 

where the biocide simply crosses the outer tissues to reach the site of action, may 

be sufficie'lt, but most types of pesticidal activity are improved if the compound can 

move in the plant to reach parts that did not receive any spray deposits. 

Compounds that can move in this way are described as systemic. 

There are two kinds of systemic compound, xylem systemic and phloem 3ystemic, 

which diffe!' fundamentally in the way they move. Xylem systemic compounds move 

with the transpiration water from the roots to the leaves. Such compounds, when 

applied to the leaf, move towards the leaf margins or tip, but do not move out of the 

leaf to which they are applied. They do not need to accumulate behind membranes 

in order to move in the plant, but they do need to cross membranes to reach the 

site of action. Phloem systemic compounds must accumulate behind the membranes 

of the phloem cells in order to translocate with the products of photosynthesis from 

the leaves to the developing tissues, rieristerr.s and the storage organs. When 

translocating from the leaves to the roots they will be moving in the opposite 

direction .o xylem systemic compounds, but when translocating from the leaves to 

the apical meristem of a dicotyledonous plant, they will be moving in the same 

direction as xylem systemic compounds. 

The properties that confer xylem or phloem mobility on a compound are not 

exclusive, any phloem mobile compound should also be xylem mobile, and many 

compounds that are not usually regarded as phloem mobile may show traces of 

such mobility under some circL:mstances. There are also important differences 

between species caused not by significant differences in the molecular requirements 

for translocation, but by quantitative differences in the composition of the tissues. 

For example, the types of compounds that can translocate in the phloem may be 

universal but there will still be major differences in the mobility of the same 

compound in different plant species, because some plants will have thicker cell 
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walls or a higher tannin content, etc which may µrevent the compound panetrating 

as far as the phloem tissues. This makes it very difficult to compare data from 

different species or environmental conditions. 

A MODEL OF PLANT STRUCTURE 

Figure 1 shows a simplified model of a plant that illustrates the possible destinations 

of a pesticide molecule moving from the leaf surface into the inner tissues. The first 

barrier to translocation is the cuticle, which must be crossed before the compound 

can enter the aqueous phase of the wall. There is no significant barrier to solute 

movement between the aqueous phase of the cell walls and the aqueous phase of 

the xylem, because the xylem tissues are dead at maturity, lacking membranes, and 

with connections to the wall free space via large pores and permeable wall sections. 

The aqueous continuum of the cell walls and xylem is termed the apoplast. The 

apoplast is adapted to the transport of water anci solutes from the roots to the 

leaves and shoots, but it does not always permit the efficient transport of 

xenobiotics because wall components, especially the pectins, lignins and tannins, 

contain carboxyl and hydroxyl groups that can bind organic cations. There are big 

differences in the levels of the polyphenolic lignins and tannins between species. 
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Adjacent to the cell wall is the plasmalemma, the membrane which surrounds the 

cytoplasm. Any biocide must be capable of crossing or damaging the plasmalemma 

in order to damage the cell. The plasmalemmas of adjacent cells are joined by 

tubular connections, the plasmodesmata, giving cytoplasmic confomity between 

cells, including the phloem cells. This cytoplasmic continuum is the symplast. 

Membrane bounded organelles within the cell, such as the mitochondria, chloroplast 

and vacuole, are not strictly a part of the symplast because penetration into them 

requires transport across an additional membrane. Also, these organelles are not 

interconnected so they are not relevant to translocation, except where they reduca 

mobility. Accumulation in mitochondria and chloroplasts is important for the biocidal 

activity of some herbicides, but accumulation in the vacuole may be particularly 

important in reducing the translocation of many compounds, both in the symplast 

and the apoplast. 

There is evidence that the apoplast may play a role in the transfer of sugars from 

the photosynthetic cells to the translocating cells of the phloem (1 ]. It is, therefore, 

realistic to assume that xenobiotics can also move from the apoplast directly into 

the translocating tissues. There is no evidence that herbicides or pesticides 

accumulated in the symplast of the epidermal or mesophyll cells will necessarily be 

transported in the symplast of the phloem tissues. 

PENETRATION INTO THE PLANT TISSUES 

Transport across the cuticle is by diffusion [Equation 1 ]. 

J Rate of diffusion 
kB Boltxman constant 
I T ortuosity factor 
T Absolute temperature 
K Partition coefficient 
dx Thickness of the cuticle 
r Radius of the diffusing molecule 

J =(Co-Ci) kBTK_ 
dx 6m In 

n Viscosity of the diffusing medium 
C Concentration outside/inside the cell 

(1] 
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The most important molecular parameters are size, solubility in water, and partition 

coefficient [2]. There are reports that uptake improves with increasing partition 

coefficient (3] or that uptake is optimum when the partition coefficient is between 

zero and 2.5 (4). The impact of partition coefficient on uptake is greatly reduced by 

adding a surfactant (4) and even highly polar compounds such as 4(4-

trimethylammonio phenyl)-1-methyl-pyridinium chloride can achieve more than 95% 

uptake when suitably formulated (5). Water solubility has also been found to be 

relatively unimportant for '..!ptake, but compounds with a high partition coefficient 

and low water solubility will tend to remain in the cuticle and not enter the aqueous 

phase of the wall. Some 2,4-D esters have partition coefficients close to six [2], but 

there is evidence that such esters may be hydrolysed to their component acids and 

alcohols by enzymes located within the cuticle [6]. The mol~cular dimensions of 

pesticides have been reported to be more important in limiting uptake [7], but Price 

and Anderson [2] found this to be significant only for polar compounds. 

APOPLAST MOVEMENT 

Any compound that is able to dissolve in the transpiration water of the free space 

of the walls and the xylem will be systemic, unless it is prevented by adsorption 

onto cell wall components, or retained behind cell membranes. Typical examples are 

the herbicides atrazine and diuron, the fungicide ethirimol and the insecticide 

pirimicarb. The rate of entry into the apoplast aqueous phase is determined by t11e 

rate of arrival at the inner surface of the cuticle and the partition coefficient of the 

compound. It is usually considered that compounds with a log partition coefficient 

of more than 4.0 will not dissolve sufficiently in water to give any systemic activity 

[8], but in theory the potential for systemic activity should also depend on the 

solubility of the compound, the rate of transpiration, and the intrinsic activity of the 

compound. Partition is an equilibrium distribution of solute between two immiscible 

phases, so no matter how soluble the chemical may be in the lipid phase of the 

cuticle, there will always be some in the aqueous phase. If, as in the case of the 

plant transpiration water, the aqueous phase is constantly renewed, there will be 

continuous redistribution between the phases, in thi::, case transfer from the cuticle 

to the transpiration water. This also means that the extent of systemic activity will 
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be reduced in plants with a high lipid content or when the rate of water movement 

is reduced. 

Compounds that do dissolve in significant quantities in the apoplast water will be 

carried with the water flow to the main evaporation sites at the tips or margins of 

leaves, unless prevented by adsorption or absorbtion. Solutes dissolved in the 

apoplast water will constantly equilibrate with the adjacent tissue lipids, wall 

polymers, polyphenols and cells. Cationic compounds, such as paraquat, are 

particularly susceptible to adsorption by cell walls, especially of dicotyledon species 

with a high tannin content [9]. This may explain why paraquat is so much more 

active on low tannin plants, such as grass weeds, and plants growing in shade. 

THE APOPLAST - SYMPLAST INTERFACE 

The apoplast and symplast are ::;eparated from each other by a single membrane, 

the plasmalemma. Herbicides diffusing from spray deposits on the leaf surface must 

enter the apoplast water, where they are transported by a combination of diffusion 

and mass flow to the symplast membrane. Solutes inside the cell are not influenced 

by the apoplast water movement but move in the cell by diffusion and cyclosis, the 

energy dependent circulation of cytoplasm in the cell. Equilibrium between the 

solute in the cell and in the apoplast is maintained by changes in the net membrane 

flux, but nevertheless the membrane can maintain a high concentration gradient 

between the two phases. 

The directions of net flux are illustrated in Figure 2. Water movement from the roots 

to the leaf tips and margins is often far more rapid than sugar movement from the 

leaves to the sink tissues. This means that the phloem and other cel!s of the 

symplast are constantly being washed by transpiration water, so solute in the 

symplast will efflux from the symplast into the apoplast in exactly the same way that 

solute is washed from the inner surface of the cuticle. If the solute is able to pass 

across the plasmalemma with equal ease in both directions it will be transported 

primarily in the apoplast, but if cell influx is more rapid than efflux, then the 

compound will tend to be either retained by the cell, making it non-systemic, or it 
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will be translocated in the symplast, making it phloem systemic. All pesticides are 

capab!e of entering the symplast, but the high rate of water movement in the 

apoplast relative to the phloem means that a compound must be very strongly 

retained by the plasmalemma if it is to be phloem systemic. 
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Figure 2 The apoplast - symplast interface 

THE MOLECULAR REQUIREMENTS FOR PHLOEM MOBILITY. 

There are four ways in which a compound can be retained by the symplast: 

a) Adsorption or partition within the cell, 

b) Cell electrical potential effects, 

c) Differential permeability of weak acids, 

d) Active transport. 

Adsorption and Partition. 

Compounds with a high partition coefficient will dissolve in lipid deposits within the 

cell, reducing the concentration in the aqueous phase of the symplast. This form of 

immobilisation is characteristic of compounds with a log partition near 4, and 
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explains why such compounds may show systemic activity in some species (with a 

lower lipid co11tent]. but not in others. For example. bupirimate, when applied to 

wheat is relatively systemic but it is immobilised by apple leaves. even when applied 

to the thinner lower cuticle (9]. 

Many perennial and some annual plant species store tannins in the vacuole, and 

these may also retain xenobiotics. These compounds are particularly effective in 

binding cations, for example, paraquat is relatively ineffective on Polygonum 

species. which are known to have a high tannin content. 

Cell Potential 

The plasmalemma maintains an electrical potential gradient of approximately-150mv 

within the cell. The effect of this potential on ions is expressed by the Nernst 

equation [6): 

Ev = TR Loge CQ 

Ev Potential ir. millivolts 
T Absolute temperature 
R Gas constant 

zF Ci 

C Concentration of ion outside and inside the cell 
F Faraday constant 
z Valency 

[2] 

The negative internal potential means that cations are preferentially retained by the 

cell, while negatively charged compounds are excluded. This equation only strictly 

applies to compounds that can equilibrate, but it could have a very important effect 

on organic cations. For example a monovalent cation, such as 1-methyl-pyridinium 

cation [5]. would have an equilibrium concentration 380 times higher inside the cell 

than outside, and is phloem mobile [9]. The corresponding concentration for a 

divalent cation such as paraquat would be 145,000 times higher inside than outside. 

In the case of this herbicide such distributions are meaningless because the 

membranes are rapidly damdged by herbicide action. but more than 85% of the non

herbicidal analogue 4-(4 trimethyl-ammoniophenyl)-1-methylpyridinium chloride was 

retained in solubte form in the cells of wheat plants. with negligible transport in the 

xylem or phloem, clear evidence that retention by cells does not necessarily mean 
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phloem translocation. The effect of cell potential on the accumulation of organic 

anions is less clear because a wide range of acidic compounds are known to 

accumulate in cells. 

Differential Permeability of Weak Acids 

The pH of the cytoplasm is approximately 7 .5 while the apoplast water is usually in 

the region of 5.5. The cytoplasmic pH is critical tor many essential enzymic 

reactions and is maintained within close limits by a combination of metabolism and 

differential permeability of the plasmalemma and tonoplast. The phloem is a 

specialised type of cell, which lacks mitochondria, chloroplasts and vacuole, and 

has a cytoplasmic pH above 8. 

Organic acids, with a pKa typically between 3 and 5, have a higher degree of 

dissociation in the symplast [pH 7.5 - a.2] than in the apoplast [pH 5.5). If the 

dissociated and undissociated forms of the acid differ significantly in lipid partition 

coefficient, it will enter the symplast more easily than it leaves it. This can result in 

the establishment of a higher concentration of the acid in the cell or phloem sieve 

tubes than in the external apoplast. If the concentration difference can be 

maintained, the acid will move in the phloem instead of the xylem [Figure 3) 

The essential prerequisites for the phloem mobility of a weak acid are moderate to 

high lipid solubility of the undissociated acid, and low lipid solubility when ionised. 

The ratio of the two forms of the acid are independent of pH [Henderson

Hasselbach equation] and pKas in the range of zero to 14 have been quoted as 

suitable for phloem translocation, with zero to 7 as optimum [8), but this does not 

take into account the quantitative and non-equilibrium aspects of phloem 

accumulation. If the pKa is very low the concentration of undissociated solute 

available for diffusion and accumulation in t'1e lipid phase of the membrane is also 

low, while if the pKa is very high the concentration of undissociated acid in the cell 

will also be high, facilitating efflux. For example, benzene sulphonic acid [pKa < 1) 

is not phloem mobile, unlike the carboxyl and phosphonic acid analogues [pKas >2] 

[9]. 
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Figure 3 The distribution of weak acids 

The lipid solubility of the undissociated acid is also relevant to the pKa limits, a high 

solubility compensating for a lower pKa; however, if the partition coefficient is too 

high, the acid will be retained by the cuticle and other lipids, and be unavailable to 

the phloem. The phloem mobility of weak acids is probably most effective when the 

pKa is between 2 and 6.5 and the partition coefficient of the undissociated acid 

between -1 and 3. Many phloem mobile herbicides and plant growth regulators fall 

into this range. 

Most of the herbicides and plant growth regulators that are phloem mobile are weak 

acids, including such important groups as the phenoxyacids and sulphonyl ureas, 

the imidazolinones, the picolinic acids, and the diarylether graminicides, but other 

important herbicides, such as glyphosate and a number of model compounds, do 

not appear to conform to the requirements of the weak acid hypothesis. The 

translocation of substituted N-methyl-pyridinium compounds showed that, while the 

addition of a single carboxyl group to the parent pyridinium [MPC] improved 

translocation, a second carboxyl reduced it [5 ]. The substitution of a sulphonic acid 
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group for the carboxyl gave very similar results. despite the fact that benzene 

sulphonic acid was not phloem mobile. There is also very little difference in the 

partition coefficients of the carboxypyridiniums with changes in pH because even 

the unsubstituted MPC has a log partition of -3.8 [2]. Glyphosate is very similar in 

that it is a zwitterion. 

Active Transport 

There is some evidence that a small number of xenobiotics may be taken into the 

cell by active transport mechanisms. Unlike diffusion, energy coupled transport 

mechanisms are affected by metabolic inhibitors, and are concentration dependent. 

showing reduced rates of transport when the system is saturated. or wnen a 

competing compound is present. Conclusive evidence using metabolic inhibitors is 

difficult to obtain because inhibitors can prevent the normal functioning of the 

membrane, but aamino-isobutyric acid [9] has shown saturation kinetics for cell 

uptake, while glyphosate uptake has been shown to demonstrate saturation kinetics 

and competitive inhibition (10]. Maleic hydrazide and 2,4-D may also enter plant 

cells by an active transport process (11 ]. There is still the need to show that active 

cell uptake is related to phloem translocation. It is probable that compounds that 

rely on existing active transport mechanisms for phloem mobility will be more 

selective in their molecular requirements than compounas relying on the physico

chemical process of ion trapping. 

CONCLUSIONS 

Many of the ground rules for the phloem translocation of pesticides are sufficiently 

well understood to permit the synthesis of novel compounds with predictable 

translocation properties. The main target now is to combine these properties with 

those of the active component in such a way that the biocide is delivered to its site 

of action in an active state. 
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ABSTRACT 

Many pesticides are applied as aqueous sprays that are produced by 
dilution of a concentrate. The latter could be wettable powder (WP), 
a granule, an emulsifiable concentrate (EC), suspension concentrate 
(SC) or an oil in water emulsion (EW). In this paper, I will discuss 
the factors that govern the stability of SCs and EWs since these are 
becoming more applied in recent years. This is due to their 
advantages over the more conventional WPs or ECs. Both SCs and 
EWs have to be prepared in a colloidally stable form by using 
powerful dispersing agents and emulsifiers. Of these, nonionic 
surfactants, block copolymers and polyelectrolytes are the most 
conrnonly used. They improve stability either by creating an 
electrical double layer at the particles or droplets, by steric 
repulsion (resulting from the adsorbed layers) or combination of both. 
The main parameters that control the stability of these systems are: 
zeta potential, electrolyte concentration, adsorbed layer thickness 
and particle size. Once stable suspensions and emulsions are 
prepared, it is essential to control their sedimentation behaviour. 
This is achieved by the addition of an antisettling system. The 
latter could be a high molecular weight polysaccharide, a swellable 
clay (such as sodium montmorillonite), silica or a combination of 
these materials. In all cases, it is essential to produce a gel 
network in the continuous phase that prevents sedimentation (or 
creaming) and hence little or no separation occurs on standing. The 
physical characteristics of the system can be investigated using 
various techniques such as particle size analysis and rheology. 
On application of a spray formulation, it is essential to ensure the 
adhesion of the spray droplets to the target. It is a1so important to 
enhance the wetting and spreading of the spray droplets in order to 
ensure even coverage. To control these processes, one usually 
includes surfactants in the formulation which may also enhance the 
penetration of the chemical. The various physical processes involved 
will be discussed and guidelines for optimisation of spray application 
wi 11 be given. 
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INTRODUCTION 

Many pesticides are applied as aqueous sprays that are produced by 
dilution of a concentrate. The latter could be a wettable powder 
(WP), a granule, an emulsifiable concentrate (EC), suspension 
concentrate (SC) or an oil in water emulsion (EW). The formulation of 
pesticides as SCs or EWs has attracted considerable attention in 
recent years. Both these formulations are sometimes referred to as 
flowables (particularly in North America). Such formulations offer a 
number of advantages for the user, being easy to measure, not dusty 
and readily dispersible on dilution. Moreover, being aqueous based 
they produce much less hazard to the operator in handling and they 
always have high flash points. In addition, since the formulation 
either contains no oil (with an SC) or a relatively small amount (with 
some EW formulations), they cause less damage (phytotoxicity) to the 
plants and to the environment. These types of systems are also 
suitable for optimisation of biological efficacy by controlling 
particle or droplet size, adding surfactants to enhance biological 
activity and film forming agents to improve adhesion and, in some 
cases, provide cor1trolled release. 

In this overview, which is by no means exhaustive, I will 
su111Darise the basic principles involved in the formulation of SCs and 
EWs. Particular attention will be paid for the basic colloid and 
interface science principles involved in their preparation and their 
subsequent stabilisation. This is then followed by a review of the 
application of these systems as sprays. This involves a number of 
interfaces, where interaction with the formulation plays a vital role. 

SUSPENSION CONCENTRATES (SCs) 

Suspension concentrate formulations are by far the most developed 
systems, both practically and fundamentally (1-3). Two main 
requirements are needed for formulation of an SC. Firstly, one needs 
a good dispersing agent to maintain colloid stability. Secondly, a 
suitable antisettling system is required to prevent sedimentation and 
formation of a dilatant (hard) structure at the bottom of the 
container. The dispersing agent should satisfy the follo~ing main 
criteria: (a) a good wetting agent for the pesticide powder (both 
external and internal surfaces of the powder aggregates and 
agglomerates must be spontaneously wetted); (b) be a good dispersing 
agent to break such aggregates and agglomerates into smaller units and 
subsequently help in the wet milling process (one usually aims at a 
dispersion with a mean volume mean diameter of 1-2 \Jm); (c) have good 
stability in the colloid sense, i.e. providing sufficient repulsion 
between the particles to maintain them as individual units. Powerful 
dispersing agents are particularly important for the preparation of 
highly concentrated suspensiJn concentrates. Any flocculation will 
cause a rapid increase in the viscosity of the suspension d" ~~g 
preparation and this makes wet milling a difficult job. "oreover, in 
most cases, one needs to start with a highly concentrated suspension 
for further formulation of the final product in which other 
ingredients such as surfactants and antisettl~ng systems have to be 
added. 



The function of the antisettling system is to provide a kind cf 
•gel network• in the continuous phase. This is essential for the 
prevention of •caking• or •claying• which is the result of settlin~ of 
suspensions as a consequence of the density difference between the 
particles and the medium. Since the particle size is outside the 
colloid range (usually greater than l ~m), the very weak thermal 
(Brownian) motion is insufficient to overcome the gravitational force. 
As a result of the repulsive force between the particles (which is 
essential for maintaining colloid stability) in a sediment, these 
particles are able to move past each other forming a hard sediment 
(which in rheological terms is shear thickening or dilatant). As a 
result of the s~all spacing between the pa ·ticles such •cakes• or 
•clays• are difficult to redisperse and, therefore, they must be 
avoided. Apart from prevention of claying, the antisettling systems 
should also reduce the overall separation in the formulation. Large 
separation usually makes it difficult to homogenise the final 
suspensions, unless the sediment is weakly gelled. 

Choice of Dispersing Agent: 

Various agents may be used to disperse the particles into water, e.g. 
ionic and nonionic surfactants, nonionic polymers and 
polyelectrolytes. Examples of such dispersing agents are given in 
Table 1. 

Ionic surfactants and polyelectrolytes which become adsorbed on 
the hydrophobic particle surfaces provide a repulsive force as a 
result of double layer interaction. When the particles approach to 
distances that are smaller than twice the double layer extension, 
strong repulsion occurs. The double layer extension depends on 
electrolyte concentration, being larger the smaller the electrolyte 
concentration. For example in a 1:1 electrolyte such as NaCl, the 
double layer extensio~ is 100 nm in 10-5 mol dm-3 electrolyte and 
10 nm in 10-3 mol dm-3 electrolyte. At such low electrolyte 
concentration, double layer repulsion is effective at separation 
distances where the van der Waals attraction is relatively weak. 
Under these conditions (of lo~ electrolyte concentration) the double 
layer repulsion predominates, at intermediate separation distances 
between the particles. This is illustrated in Fig.la which shows the 
energy distance curve for the case of electrostatically stabilised 
suspensions at low electrolyte concentrations. This curve has 
characteristically an energy maximum, which if high enough (> 25 kl, 
where k is the Boltzmann constant and T the absolute temperature) 
prevents particle aggregation into the primary minimum. It should be 
mentioned, that when using ionic surfactants and polyelectrolytes one 
should make sure that the electrolyte content in the medium is reduced 
to a minimum. This i~ particularly the case with polyvalent ions 
such as ca2+ or Mg2+ which tend to cause flocculation at lower 
concentration when compared with monovalent ions. 

Nonionic surfactants and polymers provide an alternative (and 
possibly more effective) method for stabilisation of suspension 
concentrates. These molecules adsorb with the hydrophobic groups on 
the particle surface, leaving the hydrophilic chain (such as 
poly(ethylene oxide) or poly(vinyl alcohol) dangling in solution. They 
provide repulsion as a resPlt of two main effects. When the particles 
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TABLE I 
Dispersing Agents for Suspension Concentrates 

Ionic Surfactants: e.g. Sodium dodecyl benezene sulphonate 
C12 ~25 - c6 Hs - S03 Na 
Cetyl trimethyl a111110nium chloride 
CJ6 HJ3 - N (CH3)3 - Cl 

Nonionic Surfactants: e.g. Alcohol ethoxylates R -(CHzCHzO)x-OH 
Alkyl phenol ethoxylates 

Nonionic Polymers: 

Polyelectrolytes: 

R-C6 H5- (CHzCHzO)~ - OH 
Alkyl phenol propylene Jxide ethylene 
oxide R - c6 Hs-(CHz-CH--O)y-(CHzCHzO)x-OH 

I 
CH3 

e.g. Block copolymer of ethylene oxide and 
propylene oxide 
HO-(CHz-CHzO}x -(CHzCH-O)y-(CHz-CHzO)x-OH 

I 
CH3 

Polyvinyl alcohol/polyvinyl acetate 
HO-(CHz-CH)x-(CHz-CH- )y-(CHz-CH)z-OH 

I I I 
OH OCOOH3 OH 

Groft copolymers •comb• e.g. polymethyl 
methacrylate with polyethylene oxide side 
chain. 

Naphthalene formaldehyde sulphonated 
condensates 

Lignosulphonates 

approach each other to distances smaller than twice the chain 
extension of the surfactant or polymer (usually referred to as the 
adsorbed layer thickness 5), the chains undergo overlap and/or 
compression, both of which are unfavourable when the chains are in 
good solvent conditions. As a result of overlap and/or compression, 
the osmotic pressure in between the particles becomes larger than in 
bulk solution. This results in diffusion of solvent molecules from 
the bulk thus separat1ng the particles. Tne second effect that 
results from chain overlap and/or ~ompression is the reduction in 
configurational entropy of the chains which leads to repulsion between 
the particles. This combination of osmotic and entropic repulsion is 
usually referred to as steric stabilisation (4). It is 
characterised by an energy-distance curve illustrated in Fig. lb. As 
can be seen, this curve contains only one minimum, which is usually 
shallow when the adsorbed layer thickness is larger than say 5-10 nm. 
Thus, with most nonionic surfactants and polymers, repulsion is very 
strong at distances of separation comparable to twice the adsorbed 
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Figure 1. Energy-d. :tance curve for three different stabilisation 
mechanisms: (a) electrostatic; (b) steric; 

(c) electrostatic + steric. 

layer thickness. The major requirement in this case is to have a 
polymer that adsorbs strongly on the particle surface. In this 
respect block and graft ("comb" type) polymers are the most suitable. 
These systems consist of A and 8 units combined together in A-8, 
A-8-A or BAn fashion. B represents units with high affinity for the 
particle surface and basically insoluble_ in the continuous medium, 
thus providing strong adsorption ("anchoring" units). A, on the 
other hand represents units with high affinity for the medium (high 
chains - solvent interaction) and little or no affinity to the 
particle surface. An example of such powerful dispersant is a graft 
copolymer of poly methyl methacylate-methacrylic acid (the anchoring 
portion) and methoxy polyethylene oxide (the stabilising chain) 
methyacrylate (5). Adsorption measurements of such a polymer on a 
pesticide, namely ethirimol (a fungicide) showed a high affinity 
isotherm with no desorption. Using such an agent a suspension with 
high volume fraction (> 0.55) could be prepared. 

The third class of dispersing agent~ which is commonly used in SC 
formulations is that of polyelectrolytes. Of these, sulphonated 
naphthalene-formaldehyde condensates and lignosulphonates are probably 
the most commonly used. The energy-distance curve for such systems is 

llN 
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illustrated in Fig.le. This shows a shallow minimum, a shallow 
maximum, and strong repulsion at short distances. Thus, these 
polyelectrolytes offer some versatility in SC formulations. 

Choice of Antisettling Systems 

As mentioned before an antisettling system is required to reduce 
separation and prevents the formation of a dilatant system. The most 
coD111only used method is to add to the continuous medium a high 
molecular weight water soluble material, e.g. hydroxyethyl cellulose 
or Xanthan gum (a polysaccharide). Alternatively one may add a finely 
divided inert substance such as sodium montmorillonite (bentonite) or 
silica which produces a gel network in the continous phase. A more 
robust antisettling system consists of a mixture of bentonite or 
silica and a polysaccharide like Xanthan gum. The optimum 
concentration and composition of an antisettling system can be 
obtained from rheological measurements (see below). 

Although the above systems are the most currently used materials, 
some potential alternatives could be applied for SCs. The first 
method depends on controlled flocculation o~ electrostatically 
stabilised suspensions by addition of electrolytes (6) or for 
sterically stabilised suspensions by reducing the adsorbed layer 
thickness (1). The second method is based on the addition •free• 
(non-adsorbing) polymer to a sterically stabilised suspension. This 
was illustrated by using an ethirimol suspension stabilised with a 
•comb• stabiliser to which poly(ethylene oxide) (PEO) with various 
molecular weights was added to the continuous phase (5). Rheological 
measurements showed that above a critical PEO concentration, weak 
flocculation of the suspension occured with the result of formation of 
a gel-like structure with a measurable yield value. This gel 
structure is sufficient for prevention of caking or claying. 

Assessment of the State and Long-terw Physical Stability of 
Suspensions 

Various states of SCs may be identified and these are schematically 
represented in Fig.2. The first three states (a-c) represent three 
cases of a colioidally stable suspension of which only state (a) is 
uniform since the particles are very small (Brownian diffus1on 
overcomes any sedimentation). States (b) and (c) represent •clayed" 
suspensions. Such clays or cakes can be felt using a glass rod 
whereby resistence to penetration can be felt. Clearly, these 
suspensions are unacceptable and they require addition of an anti
settling system. States (d) - (f) represent three cases of unstable 
(coagulated) suspensions which again are undesirable. The most 
acceptable cases are those repre~ented by (g) - {i) which ?reduce a 
kind of controlled flocculation. State {g) is the case whereby the 
particles of the suspension produce the gel, i.e. those produced by 
secondary minimum flocculation. State (h) i~ that produced by 
bridging flocculation using a high molecular weig~t polymer, whereas 
state (i) is that produced using depletion flocculation. 

The above different states can be assessed using different 
techniques. The most common procedures are those based on particle 
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Figure 2. (a) Stable colloidal suspension; (b) stable coarse 
suspension (uniform size); (c) stable coarse suspension 
(size distribution); (d) coagulated suspension (chain 
aggregates); (e) coagulated suspension (compact clusters); 
(f) ccagulated suspension (open structure); (g) weakly 
flocculated structure; (h) bridging flocculation; 

(i) depletion flocculation. 

size measurements and rheology. For particle size analysis one needs 
to carefully dilute the suspension ar.d then observe the particles 
under the optical microscope or use particle size analysis 
instruments. Any strong flocculation can be observed under the 
optical microscope since on dilution, the strong aggregates are not 
broken down. Coulter counters and laser diffraction techniques can 
also be applied for particle size analysis and these could also give 
information on flocculation of the system. 

For assessment of the bulk properties of the suspension (without 
diluting it) one uses rheological methods. These methods require 
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~1odern rheometers that can be used to obtain steady state (shear 
stress - shear rate), oscillatory and constant stress measurements. 
The steady state shear stress - shear rate results are schematically 
shown in Fig.3. From these data, one can obta~n the extrapolated 
yield stress Ts using a Bingham equation, (7). 

(1) 

Alternatively, the data could be analysed using a Casson's equation 
(8) 

1/2 
1 

1/2 
+ ll c 

• I I 2 
y 

(2) 

It can be seen from Fig. 3 that the viscosity of the suspension 

1' ,, 
B 

(a) 
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Figure 3. (a) shear stress - shear rate and (b) viscosity - shear 
rate relationship for a typical SC. 

increases with decrease of shear rate and indeed at very low shear 
rate (Y ~O), the viscosity reaches a limiting value, referred to as 
the residual or zero shear viscosity n(o)· The latter can be 
obtained from constant stress (creep) measurements. Basically one 
measures the creep curves at various stresses and then obtain the 
viscosity as a function of applied stress to obtair. the limiting value 
n{o) at a stress approaching zero. The residual vi3cosity n (o) is 

an important parameter that determines settling of the suspens1on (9). 

Another useful rheological method is the oscillatory (dynamic) 
technique. In this case a small amplitude sinusoidal strain (or 
stress) is applied on the system and the stress and $train compared 
over a wide range of frequencies. From the phase angle shift betwaen 
stress and strain ~, and the amplitudes of $tress and strain ( To and 

-, 0 respectively) one can calculate the complex modulus G*, the 



storage modulus G' (the elastic component) and the loss modulus G" 
(the viscous componentj i.e. 

G* 10/Y o 
G' = G* cos 6 
G" = G* sin 6 

(3) 
(4) 
(5) 

Both G* and G' give a measure of the elasticity in the system which 
control separation of the suspension concentrate. Thus, by combining 
the various rheological methods, one is able to assess and predict the 
long term physical stability of suspension formulations. 

EMULSIONS (EWs) 

As mentioned in the introduction, oil-in-water emulsions of pesticides 
offer an alternative to SCs. If the pesticide is a liquid, with 
relatively low viscosity, it can be directly emulsified into water 
using suitable s~:factants or polymers. However, in most cases, the 
pesticide oil is viscous and hence a small amount of an oil, such as 
xylene or isoparaffinic oil, is added to lower the viscosity. This is 
also the case with low melting point solids which can be dissolved in 
an oil. 

Emulsification is a non-spontaneous process whereby the bulk oil 
phase is subdivided with small oil droplets. When the bulk oil phase 
(with area A1) is changed to emulsion droplets (with area A2 that is 
much larger than A1), a 1 arge increase in sur·~ ace area occurs. The 
free energy of emulsion formation is given by the expression (10) 

(6) 

where A= Az - A1, Y12 is the interfacial tension, T the absolute 
temperature and ~sconf is the configurational entropy for the 
relatively large number of droplets formed. 

Most emulsifiers reduce Y12 to values that are seldom below 
1 mNm-1. In all cases, ~A Y12 is much larger than T ~sConf, since the 
droplet size is also not very small (usually above 1 wm). This means 
that Gform is positive and hence energy is required for 
emulsification. However, in some cases, particularly when using mixed 
emulsifiers, Y12 can reach relatively low values (< 0.2 mNm-1) and the 
droplet size can become small (submicron). Under these conditions, 
emulsification may be spontaneous requiring little or no energy. If 
this is not the case, high speed mixers (e.g. Silverson, Ilado or 
Ultraturrax stirrers) or valve homogen1sers must be used to produce 
tte emulsion. 

Factors responsible for Emulsion Instability (Breakdown 
Processes) 

Various breakdown processes may be identified and these are 
schematically illustrated in Fig.4. States (a) and (b) are the result 
of the effect of gravity, when the density of the oil phase is 
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Figure 4. Various breakdown processes in emulsions 

different from that of the continuous phase and the droplet size 
distribution is outside the colloid range (10). In this case the mild 
thermal motion (weak Brownian diffusion) is insufficient to counteract 
the gravitational force. If the density of the oil is lower than that 
of the continuous medium the droplets move to the top of the 
container, a process referred to as creaming (10). On the other hand, 
if the density of the oil phase is higher than that of the medium 
sedimentation occurs (b). The process of creaming or sedimentation 
results in no change in droplet size but the close approach of 
droplets in a cream or sediment m~y lead to enhancement of coalescence 
(see below). 

State c, where the droplets aggregate together is the result of 
lack of sufficient repulsion to counteract the van der Waals 
attraction. This process, referred to as flocculation is similar to 
that obtained with unstable suspensions. The forces responsible for 
flocculation have been discussed before in the section on SCs. 



State d, is the result of Ostwald ripening, the Jriving force in 
this case is the difference in solubility between small and large 
droplets. This process, which may also occur with SCs, results when 
the pesticide has significant solubility in the continuous medium. 
The process may also be enhanced by the presence of surfactants which 
caus2 solubilisation of the pesticide. 

State e, is the result of the thinning and disruption of the 
liquid film between the droplets resulting in their coalesce~ce. The 
latter process, which does not occur with SCs, can lead to dramatic 
instability with the result of separation of oil and water into two 
layers. The driving force for coalescence is the thinning and 
disruption of liquid films between droplets which results from thermal 
or mechanical fluctuations. The latter produce surface waves which 
may grow in amplitude resulting in close approach between the crests 
and joining of the oil droplets. AlternatiYely, film fluctuation may 
result in formation of thin films which below a critical thickness may 
rupture as a result of the strong van der Waals attraction. 

State f, is the result of phase inversion whereby an oil-in-water 
emulsion inverts to a water-in-oil (w/o) emulsion. The resulting w/o 
emulsion is usually more stable than the o/w oil. Such process of 
inversion may result when the oil volume fraction is increased above a 
critical value, or it may 1esult from change in the conditions (e.g. 
temperature increase) whereby the emulsifier becomes more suitable for 
the inverted emulsion. 

Emulsifier Selection 

A useful (although empirical) procedure for emulsifier selection has 
been introduced by Griffin (11) and is referred to as the hydrophilic
lipophilic balance (HLB index). This empirical HLB number is based on 
the relative proportion of hydrophilic and lipophilic groups in the 
surfactant molecules. For example, for a surfactant having the 
structure R-(CH2CH20)x-OH, the HLB number is simply given by the 
equation, 

HLB = (E + P)/5 (7) 

where E and P represent the weight per cent of ethylene oxide and 
polar hydroxyl groups respectively. Emulsifiers with HLB number 3-6 
usually produce w/o emulsion, whereas those with HLB number 8-18 
produce o/w emulsion. The exact HLB number for a particular oil is 
usually established by a trial and error procedure. Two nonionic 
surfactants with low and high HLB are mixed in various proportions to 
produce a range of HLB numbers. These surfactant mixtures are then 
used to prepare a number of o/w emulsions and their stability assessed 
by standing or by using droplet size analysis (using the Coulter 
counter). In this way the optimum ratio of the two surfactants for 
the particular oil in question is obtained. Once this ratio is 
established, emulsions are then prepar2d using various surfactant 
concentrations in order to establish the optimum concentration fot 
maximum stability. 
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Stabilisation of fllulsions 

Creaming or sedimentation can be significantly reduced by reducing the 
droplet size of the emulsion, e.g. by using valve homogenisers or 
appropriate surfactants. By using oils of various densities one could 
match the density of the oil and continuous medium (at least at one 
temperature) thus reducing creaming or sedimentation. However, in 
most practical emulsions, it is neither possible to reduce the droplet 
size sufficiently, nor it is possible to match the density. In these 
cases, creamir.g or sedimentation may be reduced by addition of 
thickeners e.g. polysaccharides in the same manner as described for 
SCs. 

Irreversible flocculation can be prevented by creating sufficient 
energy barrier to prevent close approach of the droplets. In this 
respect. steric stabilisation pr~duced by using nonionic surfactant or 
polymers (block or graft copolymer) is the most efficient procedure. 
As mentioned above, one usually uses a mixture of two emulsifiers, 
e.g. Spans and Tweens to optimise the stability of the emulsion (12). 
To prevent coalescence, one needs to dampen the surface fluctuations 
which occur when the droplets approach each other. This can be 
achieved by using surfactant mixtures or polymers that enhances the 
Gibbs elasticity. The latter results from the interfacial tension 
gradients that occur on stretching of ~ surfactant film. The Gibbs 
dilational elasticity ~ is given by the expression, 

S = dy/d . n A= A(dr/dA) (8) 

As a result of the Gibbs elasticity, surfactant molecules diffuse from 
bulk solution to the o/w interface and these molecules cause a liquid 
flow to the film between the droplets (the Marangoni effect). This 
process results in the formation of thicker films and hence 
coalescence is prevented. 

Ostwald ripening is usually reduced in the presence of 
surfactants which are effective in lowering the interfacial tension 
and produce a high Gibbs elasticity. The process of Ostwald ripening 
can also be reduced by incorporation of a small proportion of highly 
insoluble oil in the emulsion (13). When oil molecules diffuse from 
smaller droplets, the activity of the insoluble oil molecules increases 
and this reduces further diffusion, thus reducing Ostwald ripening. 

Phase inversion may be prevented by reducing the oil phase volume 
fraction well below the maximum packing fraction for the o/w emulsion; 
and by proper choice of the surfactants. One should ensure that when 
the conditions are changed (eg. by increase of temperature), the HLB 
number of the surfactant does not reach values that are more suitable 
for producing w/o emulsions. 

Assessment of Emulsions 

For assessment of the physical stability of emulsions, one uses the 
same procedures described above for SCs, i.e. droplet size analysis, 
microscopic investigation and rheology. Droplet size analysis is 
usually carried out using a Coulter counter, whereby one measures the 



droplet size distribution as a function of time. This allows one to 
obtain the flocculation and coalescence rates, as well as any Ostwald 
ripening process. Rheological measurements can also obtain 
information on :oalescence since the process usually results in 
reduction of the viscosity of the emulsion. In addition, low shear 
rheology can obtain information on creaming and sedimentation in the 
same manner as described for SCs. 

SPRAY APPLICATION 

As mentioned in the introduction, spray application involves a number 
of interfaces, where interaction with the formulation plays a vital 
role (14). The first interface during application is that between 
the spray solution and the atmosphere {air) which governs the droplet 
spectrum, rate of evaporation, drift, etc. In this respect, the rate 
of adsorption of the surfactant or polymer at the air/liquid interface 
is of vital important. The second interface is that between the 
liquid droplets and the leaf surface, whereby the droplets impinging 
on the surface undergo a number of processes that determine their 
adhesion and retention and further spreading on the target surface. 
The rate of evaporation of the droplet and the concentration gradient 
of surfactant across the droplet governs the nature of the deposit 
formed. Below a sunmary of the various processes involved will be 
given. 

Interactions at the Air/Solution Interface and their Effect on 
Droplet Formation 

In a spraying process a liquid is forced through an orifice to form 
droplets by application of hydrostatic pressure. If the time of 
formation of a drop is large (greater than I minute), the volume of 
the drop depends on the properties of the liquid such as its surface 
tension and viscosity and the dimensions of the orifice, but is 
independent on the time of its formation. However, at short times of 
formation (less than one minute) the drop volume depends on the time 
of its formation. As the speed of formation of the drop is increased, 
its volume increases, passes through a maximum and then decreases. The 
maximum time at which the droplet volume is a maximum increases with 
increase of vi~cosity and decrease of surface tension. Thus loosening 
of drops which happens when its weight W exceeds the surface tension 
force ( i . e. w > 2 -:r r Y, where r is the radius of the drop and Y is 
the surface tension) progresses at a speed that is determined by the 
viscosity and surface tension of the liquid. 

At short t values, W is again smaller since the liqJid i~ the 
drop has a considerable kinetic energy even before the drop breaks 
loose. The liquid coming into the drop imparts downward 
acceleration and this may cause separation before the drop has reached 
the value that is determined by surface tension forces. 

When the hydrostatic pressure is raised furt~er, i.e. when 
attainment of even shorter t values is attempted, no separate drops 
are formed at all and a continuous jet issues from the orifice. Then 
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at even higher hydrostatic pressure, the jet breaks into droplets, the 
phenomenon usually referred to as spraying. The process of break-up 
of jets (Jr liquids sheets) into droplets is the result of surface 
forces. The surface area and consequently the surface free energy 
(area x surface tension) of a sphere is smaller than that of a less 
sy11111etrical body. Hence small liquid volumes of other shapes tend to 
give rise to spherical droplets. For example, a liquid cylinder 
becomes unstable and divides into spherical droplets as soon as the 
length of the liquid is greater than its circumference (15). 

Let us now discuss how surfactants and polymers (which are 
present in most pesticidal formulations) affect the droplet size 
spectrum of a spray. As we will see in the next Section, the droplet 
size of a spray droplet, everything else being equal, determines its 
adhesion and capture. Since surfactants lower the surface tension of 
water, one would expect that their presence in the spray solution 
would result in the formation of smaller droplets. However, the 
actual situation is not simple since one is dealing with a dynamic 
situation. In a spraying process, a fresh liquid surface is 
continuously being formed. The surface tension of that liquid should 
depend on the relative ratio between the time taken to form an 
interface and the rate of adsorption of the surfactant from bulk 
solution to the air/liquid interface, which depends on the rate of 
diffusion of the adjuvant molecules. 

The rate of surfactant adsorption increase with increase of its 
diffusion coefficient (which in turn increases with decrease of 
molecular weight of the surfactant) and its concentration. Clearly, 
if the time of formation of an adsorbed surfactant layer with 
sufficiently low surface tension is much larger than the time of 
disruption of the liquid into droplets, then the effect of addition of 
that surfactant on the droplet spectrum will be insignificant. The 
faster the adsorption of the surfactant, the more the effect in 
reducing droplet size. 

The influence of polymers on the droplet size of spray liquids is 
far from being clearly understood although it is well known that 
thickening agents (high molecular weight polymers) are beneficial in 
reducing drift, i.e. they favour the formation of larger droplets. 
The most likely explanation of how polymers affect droplet size is in 
terms of the viscoelastic behaviour of polymer solutions. Many high 
molecullr weight polymers adopt a random coil configuration which is 
characterised by a root mean square radius of gyration Rg. At low 
polymer concentration, the polymer coils are separated from each other 
by solvent molecules and the viscosity of the polymer solution 
increases gradually with increase of the polymer concentration, until 
a critical concentration, C*, is reached above which the polymer coils 
begin to overlap. Above C*, the viscosity of the polymer solution 
increases much more rapidly with further increase in its 
concentration. This polymer coil overlap opposes liquid instability 
of spray jets, thus resulting in the formation of larger droplets. 

Spray Impaction and Adhesion 

When a drop of a liquid impinges on a leaf surface, one of several 
states may arise depending on the conditions. The drop may bounce or 



undergo fragmentation into two or more smaller droplets which in turn 
may bounce back or return to the surface with a lower kinetic energy. 
Alternatively, the drop may adhere to the surface after passing 
through several stages, where it flattens, retracts spreads and 
finally rests to form a hemispherical cap. In some cases the droplet 
does not adhere but floats as an individual drop for a fraction of a 
second or even several seconds and can either adhere to the surface or 
leave it again. 

The most important parameters which determine which of the above 
stages is reached are: (i) the mass (volume) of the droplet, its 
velocity in flight and the distance between the spray nozzle and the 
target surface, (ii) the difference between the surface energy of the 
droplet in flight E0 and its surface energy after impact Es (16), 
(iii) displacement of air between the drGplet and the leaf. 

Droplets with diameters in the region 20-50 ~m do not usually 
undergo reflectic~ if they are able to reach the leaf surface. Such 
droplets have a low momentum and can only reach the surface if they 
travel in the direction of the air stream. On the other hand, large 
droplets of the order of a few thousand micrometer diameter undergo 
fragmentation. Droplets in the range 100-400 µm, which cover the 
range produced by most spray nozzles, may be reflected or retained 
depending on a number of parameters such as the surface tension of 
the spray solution, surface roughness and elasticity of the drop 
surface. For any given spray solution (with a given surface tension), 
a critical droplet diameter exists below which adhesion is high and 
above which adhesion is low. This critical droplet size increases as 
the surface tension decreases. The viscosity has only a small effect 
on adhesion of large spray dropletj, but with small droplets adhesion 
increases with increase in viscosity. As expected, the percentage of 
adhered droplets decreases as the angle of incidence of the target 
surface increases. 

Droplet Sliding and Spray Retention 

Many pesticidal applications involve high volume sprays, whereby with 
continuous spraying the volume of the drops continue to grow in size 
by impaction of more spray droplets upon them and by coalesence with 
neighbouring drops on the surface. During this process, the amount of 
spray retained increases provided the liquid which impacts is 
retained. However, with further spraying the drops grow in size 
reaching a critical value, above which they begin to slide down the 
surface and "drop off", the so called "run-off" condition. At the 
point of "incipient run-off" the volume of spray retained is a 
maximum. The retention at this point is governed by the movement of 
liquid drops on the solid surface. The percentage of droplets 
sticking to a plant after having touched it should depend upon the 
tilt of the leaf, the size of the droplets and the contact angle at 
the plant leaf/droplet/air interface. However such a process is 
complicated and is governed by many other factors (17) such as droplet 
spray spectrum, velocity of impacting droplets, volatility or 
viscosity liquid and ambient conditions. 

J 11) 
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Wetting and Spreading 

Another factor which can affect the biological efficacy of foliar 
spray application of pesticides is the extent to which the liquid wets 
and covers the foliage surface. This in turn governs the final 
distribution of pesticides ovP.r the areas to be protected (18). Hany 
leaf surfaces are difficult to wet since they are covered with 
crystalline wax (straight chain alcohols in the range 24-35 C atoms) 
that renders them very hydrophobic. When a water drop is placed on a 
leaf surface, it t~~es the form a spherical cap that is characterised 
by the contact angle (fig.S). From the balance of tensions one 
obtains 

y 
SA 

y + 
SL 

~: 

LV cos v 

YL 

~~~~~------~L~ 

(9) 

Figure 5. Schematic representation of a drop on a leaf surface. 

Wetting is sometimes assessed by the value of the contact angle; the 
smaller the angle the better the liquid is said to wet the solid. 
Complete wetting means that the contact angle is zero, whereas 
complete non-wetting dictates an angle of 1800. In most practical 
systems, the angle exhibits hysteresis, i.e. its value depends upon 
the history of the system and varies according to whether the given 
liquid is tending to advance across or recede from the solid surface. 
One of the most important factors that causes hysteresis is surface 
roughness which for most leaves is the rule rather than the 
exception. 

Several indices may be used to describe the wetting of a leaf 
surface, of which the spread factor (SF) and spreading coefficient (S) 
are the most commonly used 

SF "' 0/d (10) 

where D is the area wetted on the leaf and d the droplet diameter. 



The spread factor can be c1lculated from the contact angle, 

SF = (4 sin3 .:-;(1 - cos:: )2 (2 + cos O::) ]1/3 (11) 

The spreading coefficient S is given by the expression, 

s = '1sA - ( 'r SL + y LA) = ) LA ( cos 8 - l) ( 12) 

If S is positive, the liquid will spread until it completely wets the 
solid. If S is negative the liquid forms a non-zero contact angle 
(partial wetting). 
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The development of safer and more effective products through improvement in formula
tion and packaging is described. Innovations with emulsions in water, water dispersible 
granules, effervescent tablets, water soluble bags, seed treatment and microencapsulatio n 
are presented. 

INTRODUCTION 

In 1988 the world's farmers and fishermen provided approximately 4.3 billion tons of food, 
twice as much as they harvested in 1963, twenty five years earlier. If the current per capita 
consumption remains constant, population growth will require food and fibre for 6 billion 
people by the year 2000 and for 8 billion by 2025. The annual world food demand by 2025 
could be 9 billion tons. 

Fortunately there are several agricultural technologies available or well advaaced in 
the development pipeline that can be employed to raise crop yields in low-income, food 
deficit countries, by 50-100%. One of the inevitable, yet increasingly unpopular means for 
productivity improvement will be the intensive use of plant protection agents. 

The trend in the development of formulations goes towards safer formulations both 
biologically and from the viewpoint of the operator. Regulatory pressure from environ
mental and consumer areas is expected to continue. 

The role of the formulation chemist in developing safer, more revolutionary types of 
products will become increasingly important to counterbalance stringent registration 
requirements. 
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ADVA.'iCES IN PACKING DEVELOPMENT 

Squeeze Bottles 
Squeeze bottle:-. represent a rdatively simple yet effective means of improving the accuracy 
of dosing liquid --esticide formuktions and at the same time, reducing the danger of 
accidental spillage of product. Different models are available on the market (Fig. 1 ). 

TOP PAC 
Another new, improved package forflowable formulations is the 'TOP PAC 5 L' container. 
It is an environmentally friendly design, easily rinsable, i.e. less than OJ) l 9c of the product 
is left inside after triple rinsing with water. Ith~ a b3mm standard neck. to fit European 
Closed Application Systems. HF-induction sealing provides high safety and tamper-proof 
standard. 

EMULSIONS IS WATER AS REPLACEMENT FOR EMULSIFIABLE 
CONCENTRATE FORMULATIONS 

One of the most marked changes in the popularity of conventionai formulations towards 
the development ,>f newer, safer products is the trend away from solvent-based towards 
water-based and solid agrochemical products. Emulsifiable concentrates (EC) are tlamm
able and dermally more toxic than other formulations. In the formulation segment water 
based, liquid formulations we have on the one side well established over 20 years the very 
successful su:-.pension concentrates (SC) which are feasible for almost all solid active 
ingredients with low water solubility. For the formulation of liquid active ingredients, 
emulsions in water (EW) can partially replace ECs. Water-based emulsions offer an 
improvement over emulsifiable concentrates in that they are oflower toxicity, flammability, 
are less irritant and utilise little or no solvent. For the formulation chemist, aq~eous 
emulsions do pose more difficulties. The limiting factor for the successful development of 
EWs is the hydrolytical stability of the active ingredient (a.i.), which is especially critical 
for organophosphorous esters. 

In the product range of Ciba-Geigy, the following EWs have been developed as 
replacement for EC s: isazophos 500 EW, diazinon 600 EW, furathiocarb 500 EW, cyper
methrin 300 EW, metolachlor 720 EW and pretilachlor 300 EW. 

Fig. 2 demonstrates different ways of improving handling- and user- safety of agro
chemical products by appropriate changes in the types of formulations. 

WETTABLE POWDERS IN WATER SOLUBLE BAGS 

There is a move away from wettable powders (WP) and powder seed treatments as they 
are dusty, difficult to measu1e an1j hulky. However their safe use will he prolonged hy the 
strongly increasing popularity of water soluhle packagings made from polyvinylalcohol 
(PVA) and polyesters. 

The advenr of water- soluhle hags (WSB) for pcMicidcs is hrcathing new life into the 
use of wettahle powder formulations. 

The advantages of water-soluble packaging include: 
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- en\"ironmental acceptahility. ~ince the hag<li~~oln:s completely ~111<l tlw remaining 
packaging. material contain~ nu rc~iuue~ ~o is not dassed as hazarJou:-. waste 

- user ~afety. since <lirect contact \\ilh the pro<luct is a\"oi<le<l 

- pr~ci:-.e uosage of the pe:-.ticiue. with no \\a:-.te. 

Water-soluhk film i~ ~omewhat more expensi\·e than comentional packaging materi
als hut many farmer~ are prepared to pay a ~mall premium in view of !he a!'>~ociateJ health 
and safetv hencfib. 

The concept of water-soluhk packaging is now very well e~tahlished in the Lnited 
States of America, in Switzerland. Denmark. France. Germany and the United KingJom. 

WATER DISPERSIBLE GRA~LLES 

Another way of arniding dustine~s and low hulk density of WPs is the presentation of 
agro-products in the form of water c.fo.persihle granules ( WG ). Water dispersible granules. 
which do not use solvents. are non-dusty. free-flowing and allow easy pack disposal: they 
are a desirahie formulation and preferahle to wettahle powders. They have heen developed 
in the 1980s and have become more important. particularly in the last five years. Howe\"er. 
they have proved more expensive un.d more difficult to manufacture: than WP~. In principle, 
\VG~ combine es~ential advantages of emulsion~ and powders (Fig. 3 ). 

Basically there are two main technologies for the pro<luction of WGs: powder 
granulation and suspension granulation (fig . .+ ). Production of WGs hy powder granula
tion comprise~ the following basic technology steps: mixing. milling. feelhtock wetting, 
granulation in a pan, Schugi Flexomix or extruder. drying and dassification. Today, for 
each step, several producers offer technologically mature solutions according to the special 
needs of the producer. Suspen~ion granulation relies on the use of tlowahle technology. 
comprising stirring kettles for the preparation of suspensions, wet mills ~uch as delivered 
hy ~etz~h. Bachofen (Oynomill) or Boesch (Coho! mill), and spray driers or fluidized bed 
drier..; as those produced hy Niro. Glatt. Alpine. Anhydro etc. 

WGs differ somewhat in their physical properties according to their techr.ology of 
production. When obtained hy powder granulation. WGs generally have a larga diameter, 
lower hulk density, slower dbpersion time and l<w.er dust content than when produced hy 
suspension granulation. 

In contrast to WPs, WGs can he measured volumetrically like liquid formulations hut 
the advantage of correct and easy dosing can still he enhanced hy packaging them in WSB. 
One example introduced very successfully is primisulfuron (TELL 75 WG ). a highly active 
corn herhicidc delivered to the customer in .JOg portions in water soluble h;.igs. The 
contents of one WSB will treat 2 hectares. 

EFFERVESCE~T TABLETS 

Further mouern solid formulations, which can potentially replace wettahlc powders, are 
effervescent tablets. The technology for their production can hasically benefit from the 
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experience of pharmaceutical tahlet producers with the difference that tahlcts for agri~ 1Jl
tural usc arc larger in sizc to avoid accidcntal swallowing. Ncverthdess they have in 
common with dfl.!rvescent vitamin tablets a short dissolution time of 1-2 minutes. In 
addition they must form a very fine dispersion in the spray li4uid in order to pass nozzles 
as small a~ 12t~1m in diam~ter. Examples of .this new product type are wbkts of the 
penconazole fungicide introduced in 19lJO in France and triasulfuron. a sulfonylurea for 
weed control in cereals. The farmer applies 4 tabkts of the former per hectare and for the 
latter only one tablet per ha. 

El\tliLSIFIABLE CONCENTRATES IN WATER SOLUBLE BAGS 

It is possible that the trend away from solvent based formulations may be arrested by 
packaging ECs in water soluble sachets, such as one manufacturer has done for the 
herbicide mixture containing bromoxynil octanoate + ioxynil octanoate. As secondary 
packaging a yoghurt beaker is used. However, this new way of improving the handling 
safety of an EC- formulation still suffers from essential drawbacks. firstly the inflamma
bility of the formulation is not changed and secondly the physical strength of the product 
i.e. the entity of formulation plus packaging is too weak. If the package is dropped from 
1.2 metres, the outer package and the water soluble hag will break. Therefore thi~ type of 
product does not fulfil United Nations tran~port r:.::gulations but is an interesting new "lead". 

SEED TREATMENT FORMULATIONS AND TECHNOLOGIES 

From the ecological standpoint, pest'.cide application by seed treatment is a very elegant 
method of plant protection. Applying a fungicide or insecticide directly to the seed means 
placing the pesticide exactly to the location where it is needed for protection of the growing 
crop and avoiding unnecesary excessive quantitite~ of a.i. in soil and water. 

The first and oldest type of seed trea~ment formulations was a dust formulation, the 
DS (dust for seed treatment). It is a solid formulation of an active material adsorbed or 
mixed with a finely ground carrier like silica. DS formulations are designed to be used 
without the addition of water to powder the seed. Today this formulation is old fashioned. 

The next step in the development of safer seed-treatment formulations are water 
dispersible powders (WS formulations). They are in principle classical wettahle powders. 
Slurry c~mccntrations of about 30-40% are used in comparison to 0.5 to I% WP application 
on crops or soil. 

More modern formulatioi1 types for seed treatment a:e liquid, water based (LS) 
formulations. LS arc true solutions of the active material in a solvent. This solvent is 
preferahly water or a hydrotrope such as cumenesulfonatc which cun enhance the soluhility 
of active materials which arc normally not water soluble. 

Emulsions for seed treatment (ES) consist of finely dispersed droplets of u normally 
liquid active material in water and correspond to EWs in conventional r· ..,. "'rotection. 

Flowable concentrates for seed treatment (FS) are suspcm.;ions c/ fin, f dispersed 
soli<l particles of active material in water, corresponding to suspension crn,~ ntrates (SC). 

Seed treatment is ;,1 cheap and simple method of application for the small farmer. 
Water hascd seed treatment formulations, such as of the fungicide fenpiclonil and of the 
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insecticide furathioc•irh can he applied to the seed hy '.'>imply mixing in <tn Erlenmeyer tla:-.k 
for 1-2 minute'.'>. 

The use of a Hege seed treater b a more sophisticated method '.'>Uitahlc for the 
lahoratory and the small farma. The applied liquid is distrihuted on the '.'>Ced hy spreading 
it with a spinning disc. 

The ·Amazone' is a very good hatch tre.iter. It can he used with ahout 50kg of '.'>eed 
and offers a very homogeneous treatment. It is prderahly used on farm sites for direct 
pre-sowing application. 

Heid and Gustafson and other companies produce continuous treatment machinery 
for large scale application in specialised treatment plants. 

Ciba-Geigy has sucessfuly entered the seed treatment market with modern active 
ingredients such as the fungicide.:-; metalaxyl (APRON), fenpiclonil (BERET) as well as the 
insecticide furathiocarh (PROMET). 

With fenpidonil, toxicological data show the FS formulations to he no more toxic 
th m technical fenpidonil. Different FS formulations of fenpiclonil alor~c or in mixt~rc 
with imazalil and carhoxin have been developed for cereals (wheat, rye, harley and oats). 
used at 400ml per lOOkg of seed, and for legu.ninous crops, rape and potato. 

Furathiocarh entered the seed treatm~nt market in 1985 with two PROMET OS 
formulations, followed by solvent based formulations in 1987. 'ROMET 300 ES was 
introduced in 1986. It is purely water-based formulation with very good oral and dermal 
toxicological values (Fig. 5). 

However, this year Ciba-Geigy has introduced a new type of seed treatment product: 
PRO MET 400 CS. This formulation contains the a.i. in microencapsulated form. It has a 
large insecticidal spectrum, can he used in cereals, corn, rape, vegetable~ and sugar beet 
at amounts of 250-6000 ml/kg seed, and is very saf~ as demonstrated by the favourable 
toxicity v:..lues of Fig. 5. 

MICROENCAPSULATION TECHNOLOGIES 

M:croencapsulation is a powerful tool for getting safer plant protection products. All 
modern methods of formulations, mentioned so far. can effectively improve product safety 
during storage, transportation, handling and dosing. However, all those methods Jo not 
improve unwanted physical and biological properties of the a.i.. Yet this is possible hy 
controlled release technologies listed on the right hand side of Fig. 6. These not only 
improve hygiene and comfort during storage. transponation, handling and application hut 
also influence and change properties of the active ingreuient - such as acute mammalian 
and fish-toxicity, evaporati011 !oss, duration of hiological efficacy, phytotoxicity, leaching 
into soil and groundwater. 

Under the headline of controlled release ;'!I technologies which can dday the 
immediate availability of the full dose of an a.i. may he grouped. Various tcchnologie~ are 
available to the formulation chemist, of which microencapsulation is considc:rcd in detail. 

Microencapsulation by 'lnterfacial Polymerisation' can yielu formulations of consid
erably reduced mammalian toxicity as already deriwnstrated with the example of PROM ET 
400 CS (CS = capsule suspension) for seed treatment. In order to he successfully applied 
through controlled release tt.:chnology. intcrfoci<1l polymerization requires a.i.s of low water 
soluhility which are liquids or can be molten at tcmperaturt.:s not higher than 70°C. The 
basic chemical rcJction leading to polyurea:-; or polyamidcs is dcscrihed in Fig. 7. 
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The production technology as schematically shown in Fig. 8 requires as critical 
pathways very precise dosing of reaction compoumJs (re) and high efficiency stirring for 
the formation of small droplets in the range 2-2Qi, diameter. 

Fig. 9 shows microcapsuks of isazophos ( MIRAL) with a medium diameter of OJ' in 
the electron microscope. 

In Fig. IO comparative toxicological data of different isazophos formulations are 
presented. lsazophos. an excellent phosphorus ester insecticide can be formulated as EC. 
GR and CS. The improvement in toxicity from liquid EC 500 to solid GR 3 and encapsu
lated CS 500 is obvious, although the low percentage granules and th~ capsule suspension 
could not be meaningfully tested in acute dermal studies. 

Reduction of evaporation losses by microencapsulation is demonstrated in Fig. 11 in 
the example of different microencapsulated isazophos formulations. Whereas the relative
ly volatile a.i. evaporated almost completely from a tetlon strip within 4 hours at 40°C. it is 
strongly retained with increasing capsule diameter. 

If a product has a short effective life in the field, its biological activity can be extended 
to some degree by microencapsulation. If biological activity is extended. fewer applications 
need to be made. 

CONCLUSIONS 

The ;ibove exan:ples of modern product presentations demonstrate that the formulation 
chemist can successfully accept the challenge of improving the environmental and user 
safety of agrochemical products. We hope to convince an increasing opposition of envi
ronmentalists that chemical plant protection is beneficial. safe and remains essential to the 
maintenance of our quality of life. 

Since the chance to discover and develop successfully new plant protection molecules 
is decreasing, product enhancement with existing and registered compounds by improved 
formulation and packaging will play an increasingly important role in the marketing of safer, 
tailor-made plant protection products. 

However, the design, development, scale up and construction of production facilities 
for these new formulation technologies are costly and time consuming. It may, as in the 
case of microencap!>ulation technologies, take up to 7 years from the first idea to the market 
introduction and large scale production of the new product. Therefore, industry must seek 
to protect these technological inventions as well as new active ingredients by adequate 
patents. 
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Figure l. Typical squeeze bottles 



Figure 2. Potential ways to improve safety of formulations 
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Figure 3. Adyantages of water dispersible granules. 
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• combination of different 
a.i.'s 

additional advantage: 

• reduced spillage hazard 
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Figure 4. Technologies for production of water dispersible granules. 

GRANULATION 
OF 
POWDERS 

IEXTRUSI0'1 

GRANULATION 
TECHNOLOGY 

rGG~ ME RATION 

i i 

"' "' ~ ~ 
:I: z 
c: Ci) 
Ci) 

~ -
G) 

~ 
z . 

. 

GRANULATION 
OF 
SUSPENSIONS 

FLUIDIZED FLUIDIZED 
BED GRA- BED SPRA 
NULATION DRYING 

. . 
I I I . . 
I I I . . 

L·-··-·-·- ···-·-·-·-·J 
I 

i I I I 

" "' " "' 

§ ~ ~ ~ 
~ ~ z m '=ii :a 

'=ii CIJ 0 
CIJ .9 .e 

CONVENT. 
SPRAY-
DRYING 

-..... 
"" 



133 

Figure 5. Profile of seed treatment formulations of furathiocarb. 

Common name furathiocarb 

Efticacy spechum sucking and biting insects 

mode of action in plants systemic 

vapour pressure (Po 20©) 8.4 x 10-5 

water solubility (ppm) 10 

Formulations ES JOO CS400 

LD50 rat oral in mg/kg >2000 >3000 

LD50 rat dermal in mg/kg >2000 >4000 

LD50 rat Inhalation in mg/kg ? > 1270 

skin irritation (rabbit) none none 

eye irritation (rabbit) none none 

bird toxicity <LD50 1n mg11tg> quail 4 416 

-WHO class IB Ill 
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Figure 6. Summary of improvements in product presentation. 

A: Handling, dosing 
hygiene, disposal 

• squeeze bottle 

• EC --+ EW 

• EC --+GR 

• water soluble bag 

•WP---+ WG 

•WP-+ TB 

• Seed treatment 

TB = tablet 

B: Biology, Toxicology 
Ecology(e.g. leaching) 

• Microencapsulation 

• Coated Powders 

• Polymer matrix GR 

• Microcapsules ---+ GR 

GR = granule 



!35 

Figure 7. Interfacial polymerisation: basic chemical reaction. 
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Figure 8. Interfacial polymerisation: basic production techno1ogy. 
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Figure 9. Electron microscope photograph of capsules of 

'Miral 500 CS' formulation of isazophcs_ 
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Figure 10. Comparison of toxicity of formulations of isazophos 

PRODUCT RAT RAT FISH BIOLOGICAL 
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CGA 12223 CS 500 Equal control of EC 
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Figure ll. Reduction of evaporation losses by microencapsulation of isazophos 
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PLANT PROTECTION IN TROPICAL COUNTRIES 

E. M. KLEINER AND G. FROHLICH 
Institute for Tropical Agriculture, Leipzig University, 

Fichtestrasse 28, 7030 Leipzig, Germany 

ABSTACT 

The main aim of plant protection is to prevent losses by pests, diseases and other environ
mental influences in agricultural production and storage and in this way help to solve world 
food problems. The year!y losses in quantity as well as quality range between 10% and 50% 
of the potential yield of different crops of which the highest rates are in developing 
countries of the tropics and subtropics. Plant proiection does not mean the application of 
pesticides but the use of prophylac!ic measures (especially in the form of cultural ml .hods), 
protection activities, the in trod .. tion of hiclogical control measures and the selection and 
use of pesticides that are environmentally friendly. In view of these aspects a number of 
approaches have been taken into consideration in the~ paper. 

Plant protection means in general all activities to prevent losses caused by pests, diseases 
and other environmental influences in agricultural production and storage, thus helping to 
solve world food prob:ems. Unfortunately there is a misunderstanding especially in 
tropical countries where crop protection is seen from the aspect of pesticide application. 
Who induced this point of view? Not the native people but supervisers in different fields, 
either from pesticide industries or agricultural project managements. They propagated the 
use of pesticides from the standpoint of quick and impressive effects without considering 
the side effects and their influence on the environment. This resulted in an inappropriate 
application of pesticides, wrong in type and dose, unnecessary environmental pollution and 
poisoning of animals and human beings. 

Ler us come back to the main aim of crop protection, i.e. to prevent losses. To prevent 
them presupposes knowledge about their origin and economic significance. In this con
nection we will pay attention to three main points: the ecological situation, the suscepti
bility of the plants and the local conditions. 
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3. 

In a basic natural ecosystem there is a dynamic biological balance. There are 
no disease epidemit"S and no pest gradations but agricultural productivity is low 
and yields are insufficient compared with needs. In the interest of increasing 
agricultural production this balance is shifted, depending on the intensification 
of production. In developed countries with industrialized agriculture this trend 
led to a very high intensity and consequently to surplu~ production. In develo
ping wuntries. and these are mostly countries of the tropics and subtropics. this 
strong deformation of the ecological balance is still only limited. This means 
that the greater the destruction of a natural ecosystem the more the need for 
intensive crop protection measures and vice-versa. However. low productivity 
is associated with low yiekls. Therefore. it is necessary to increase productivity 
hut it seems unnecessary to use in developing countries the same methods as 
are used in developed countries. Measures used have to be adapted to the 
existing local conditions. 

It should be mentioned that the native types of our agricultural crops had a high 
resistance to environmental influences, hut their yield wa~ low. In the interest 
of increasing yields. plant breeders developed high yielding varieties with 
increased susceptibility to pests and diseases. In connection with the "Green 
Revolution" it was shown that the sole use of high yielding varieties is insuffi
cient, if the other intensification measures like mechanization, fertilizer use and 
even crop protection were neglected. This means that the greater the distance 
of a variety from its origin. the greater the need to protect it against pests and 
disea-;es. 

Agricultural crops in their original environment are more or less protected 
against pests and diseases by natural enemies and other environmental influen
ces. If we shift them to new locations they are faced with a new ecosystem; new 
conditions to which they may not he sufficiently adapted. In conclusion. the 
shift from the natural ecosystem to the agro-ecosystem disturbs the established 
balance. The change from native type to high yielding varieties confers a 
decrease of natural resistance. The main aim of crop protection is to compen
sate these negative influences on agricultural crops. 

These ideas suggest that the use of pesticides is not the first task in crop protection. 
The analysis of a given situation, including ecological and sociological analysis, will lead to 

other possihle solutions in tropical countries that are also applicable in countries with 
intensive agricultural production. The above facts show that careful handling of the 
ecosystem by plant hygiene measures is of great importance. This means the selection and 
preparation of the proper location for the production of a given plant, the use of modern 
cultural methods, and full attention to the breeding of resist<snt varieties should he 
preferred. The second method should he the manageme:it of the ecosystem to support 
natural enemies, to increase the antiphytopathogencity of the soil, to irtroduce and release 
natural enemies from other locations, to stimulate viral. bacterial or fungal epidemics in 
insect populations and the like. Within this ccologic<1l management the application of 
chemical pesticides for controlling pests and pathogens should he included. 

The second question which arose at the beginning was the economic significance of 
yield losses in agricultural production. According to Cramer [I J and other sources [2, 3, 4), 
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the yearly yidJ losse" of agricultural crops c<m,,,ed hy pe,,,b. disease" anJ weeJ .... in terms of 
\\orld an: rage-.. range hetween 10 and 50( ;- of the potenti<1l y idd (rabk l ). Highe,,,t lo-.se" 
are noted in sugar cane proJuction (55! ( ). cocoa and rice (4h' t ). coffee HS<<) and 
groundnut production ( 41 c;) mainly cultivated in tropical anll "uhtropical countrie .... in 
cmnrast to rye production ( 14ci ). citrus (22ci ). wheat <md sugar heel production (2·Vc ). 
These and other figures show higher y idd losses in devdoping countries of the tropit.~ anJ 
subtropics especially in Africa and A.'iia. The rea.-;ons for this ... ituation are not only changes 
in the ecosystem cau ... ed hy hreeding of high yielding varietie", or transfer to new locations. 
but also the particular socio-economic conditions in these countries. including farming 
systems. farm size, income of the farmers and their le\'d of knowledge. 

The lowest type of farming system is suhsi ... tence farming with exploitation of natural 
resources and the so-called shifting cultivation with fallow. UnJer these conditions there 
is no danger of accumulating pests and diseases on plants. The only exception may be 
grass-hoppers, weawr birds or sparrm-.·s. The productivity is very low considering the yields 
ohtained. 

The next step to increa"e productivity is land rotation with hush or grass fallow. For 
plant protection in regions with "uch a farming sy ... tem it is advisahk to U!'le pesticides for 
the disinfection of seeds and planting materials, with special regard to damping off and 
smut diseases in sorghum, corn and other cereals and vegetables. In addition we have to 
mention the migration of pests from -.urrounding fallow arr>a" into the fields. 

These primitive kinds of cultivation make few demands on pl;mt protection. Only the 
intensification oi production c~m promote its devdopment. In crop farming this implies 
crop rotation as a production system. which means the continuous use of available land. 
The level oi intensification re ... ulting from this kind of cultivation depends on both the 
socio-economic structure and the developmental stage of the production technology, 
induc.Jingall measures for soil improvement. plant nutrition and cultivation. anc.J using more 
:.ind more sophi:-ticated eljuipment. In this process of ohtaining the best output per hectare 
by means of a comprehensin: input of labour and a reasonable organization of work, the 
demands on plant protection hecome increasingly evident. For thi: time heing we have to 

accept that mixed cropping and similar arrangements will duminati: in the farming systems 
of dcvdoping countries. 

Summarizing. we have poi med out t~1at the appliration of pl~1nt protection measures 
including pesticides depend-. essentially on the actual production level. For rain-field 
cropping plant protection me<isures are only efficient with the beginning of crop rotation, 
and for the cultivation of permanent crops are only efficient if thi: plantation" are estah
lished srtematically. Irrigated farming occupies an important position and involves larger 
investments. Therefore. from the very heginning one shoulJ stri\e for an inten-.ive pro
di.;ction and a developed plant protection in accord:rnce wit I· the ~actual level of mechani
zation and organization. 

Another factor which intlui:nces the activities in crop protet.·tion is farm size or size 
oi the cultivated area. Ii we look at several dcvdoping countric" in Afric<J and Asia we find 
that individual or family ... izcd farms between I and 4 hectare" rcprt!sent 80 to 95~( of the 
total availahlc farmland. Thus, even in medium sized farms only simple and inexpensive 
plant protection mca,,,ure-. can he introdurcd. Farmers have to understand that rrop 
prolcction is not a joh for one pason hut a joint ac1ivity. ( 'ooperat ive work is neccssury to 
overcome the problems. A simple step may he the so-t.·allcd t.·0111111.in crop rowtion. This 
mcuns thut neighbouring farmers produce the same crop in u given area und at another 



144 

place they produce together different crops. Through ihis propo~al the field size for one 
crop increases. m:iking it easier to observe and control pest and di~ease attacks. 

Another approach is seen in settlement schemes like Gezira in the Sudan. Such 
schemes offer ;nore favourable prerequisites for the intensification of production. includ
ing the application of appropriate plant protection measures. 

Finally we want to mention the for1nation of agricultural multipurpose co-operatives. 
They can be organized as follows: 

central seed cleaning and seed dressing. 
protection method-; for stored products. 
training and advice for farmers in simple plant protection operations within the 
range of the general production technology, 

organization of specialized groups for field operations, including pesticide 
application and the permanent training of farm workers. 

One limiting factor in using expensive pest control measures is the yearly income of 
the farmers. Statistics of the Food and Agricultural Organisation (FAO) and other 
institutions show a range between $1!0 (e.g. India) and $650 (e.g. Argentina) under 
subsistence conditions. Only with the production of cash crops is there a little surplus and 
some possibility for the application of pesticides. as we found in banana production in 
Guinea, West Africa. 

In this connection the qualification of the producers in general may be of far more 
importance. We are aware of literacy campaigns in developing countries and of activities 
for training people in several fields. These activities may reduce the illiteracy but this needs 
time. Crop protection. especially the use of pesticides, is a present-day problem and 
requires knowledge and qualification. Under these conditions we should classify crop 
protection measures into two groups: 

l. Measures which are part of the general production technology. available to all 
producers. e.g. the selection of pest and disease-free 5eeds and seedlings; plant 
hygiene methods like the destruction of pJant residue~ after harvc.;t by deep 
ploughing in order to control rice stem borers, or against the same pest hy 
flooding the field for 3 to 6 weeks; the planting of catch crops for controlling 
plant hoppers and aphids; the arrangement of mixed cultures, e.g. of maize and 
sweet potatoes for controlling Diabrotica - beetles, etc. 

2. Measures and methods which demand special knowledge. materials and ma
chinery. To this group belong: 

breeding of resistant varieties, 
biological methods for controlling pests and pathogens e.g., 

mass-rearing and release of parasitoids, such as the egg-parnsitoid!'I 
of the genus Trichngramma; 
confusion techniques with pheromones to disturh mating within a 
given pest population; 
sterilization technique~. also called the autocide method; 
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treatment of epidemics in pest populations wilh viruses. bacteria or fongi. 
Already well known is &cillus thuringiensis and its differem subspecies. 

applicalion of pesticides. Unfortunately the danger chey may represent is 
underestimated and e\·erybody believes it is correct to use them. Although no 
farmer will give his cow any medicine without the advice of the veterinarian. it 
seems that the use of pesticides in fields and plantations does not merit the same 
care. Therefore we welcome the activities of F AO. Groupement International 
des Association Nationales de Fabricants de Produit Agrochimiques (GIFAP) 
and other organizations in promulgating instructions about pesticide use like 
"Guidelines for the safe transport of pesticides". "Guidelines for the avoidance. 
limication and disposal of pesticide waste on the farms" [3. 4 ). In chis connection 
the "International Code of Conduct on the Distribucion and use of Pesticides" 
is of ,·ery great importance. The purpose of this Code is to ensure the more 
effective and safe use of pesticides. :-specially in countries with insufficient 
regulations provided by government. insufficient infr&btructure for controlling 
pesticide use and insufficient instructions for application by producers. 

In conclusion we can state: 
A low level of production on small farms and a low income of farmers. as in developing 

countries of the tropics and subtropics. force on the one hand the selection of simple but 
effective control methods and. on the other. joint working efforts within the communities. 
a strategy which should be supported by the government. With the increase of productivity 
in relacion to the cultivation of high yielding varieties. mechanizacion. use of fertilizer and 
other activities. plant protection with a higher intensity and efficiency is needed. 

In the situacion found in the tropics for crop protection the following points should 
be taken into consideration: 

I. Local traditional methods in plant and storage protection should be analyzed 
from the beginning so that they fit into a supervised crop protection scheme 
including surveillance. determination of economic loss etc .• up to lhe level of 
integrated pest management (IPM). 

2. Training and advising farmers in applicable control methods especially in 
cultural practices and the training of interested farmers within the community 
to establish special application teams for biological and chemical control. 
Information abm.lt protective clothing should be included in this training. 

J. Introduction of simple but modern methods to improve plant protection, e.g .• 
surveillance of fields and plantatiPns with respect to attack by pests. as in the 
use of pheromones in searching for economic losses and the optimal time for 
conrrol. 

4. Sdection of pesticides with high in'\ecticidal and fungicidal effects but very low 
human toxicity, including chemosterilants. insect growth regulators, inhibitors 
of metabolic processes, plant extracts like neem seed oil. derris, or quassia, and 
other materials. to reduce pest epidemics. 
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5. Organizing locally ~u~rvi~ed crop protection with the aim of estabfo~hing IPM 
programmes. 

IP\t will hecome the strateg~· i~ cmµ protection. rather than the one-siJed applkation 
of pesticide~. 

REFERE'.\CES 

I. Cramer. H.H .. Pflanzen.-;l·hutz und Welternte. Ptlanzenschutz-Nachrichten Bayer. 
190 7. 20. I. 

2. FAO. Agriculture: towards 2000. Rome 1987. 

3. GIFAP. Guiddines for the avoidance, limitation and dispo~al of pe~ticide waste on 
farms. Brus~els 1987. 

4. GIFAP. Guidelines for the safe tran.-.port of pesticides. Bru~sels 1987. 



147 
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ABSTRACT 

Concern about environmental pollution. crop residues and operator safety has led to new 
regulations governing the application of pesticides. Jn response to this. two lines of 
development of equipment have been pursued - namely the improvement of existing 
technology based on hydraulic spraying and. secondly. efforts to develop alternative 
technology. includir.g seed treatment. granule application and different spraying systems. 

Much emphasis has been given by the agrochemical industry to improving safety. 
through changes in formulation and packaging to reduce operator contamination. This has 
been accompanied by new sprayer designs which also improve safety and research is 
examining methods to facilitate mixing and transfer of pesticides by closed systems. In the 
United Kingdom definiti!>n of spray quality and improved selection of spray nozzles has 
been directed at reducing environmental contamination by drift. At present areas of 
concern include air-assisced spraying to protect trees where spray droplets are more likely to 
be carried by air movements out of the treated area. Recent research has led to the 
developmen~ of active boom suspensions. and extensive studies have examined different 
methods of electrostatically charging sprays. although there has been little adoption of this 
new technology in Europe. 

A range of equipment to suit different size farms is now available and to ensure that 
this equipment is correctly used, training is now mandatory in the United Kingdom. so that 
accuracy of pesticide application will undoubtedly improve, particularly through better 
calibration. 

All these changes do not overcome the inherent low efficiency of pesticide 
application. so alternative techniques. albeit less universal, aim to improve the targeting of 
spray deposits and timing of applications in response to pest monitoring. Reduced volumes 
using hand-carried spinning disc sprayers and electrostatically charged sprays are now used 
principally to control cotton pests in the semi-arid tropics in Africa and South America. 
The role of extension services in introducing new technology is discussed. 

Charged sprays reduce the amount of pesticide that fails to reach its intended target and is 
ideal for small areas of crops where drift to other crops must be minimised. Progress for 
new techniques will depend on the development of new more active molecules that are not 
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only acceptable environmentally, but can be formulated in relation to developments in 
application technology. More interdisciplinary research is needed to develop more efficient 
delivery systems, but at the same time, regulatory authorities need to be receptive to the 
introduction of innovative technology. 

INTRODUCTION 

Man's quest to control pests in not new. 'Shifting Agriculture' opened up new land to 
avoid weeds and soil-borne pests, and farmers rotated their crops in different fields. 
However, many centuries ago man started to use chemicals; there are early records of using 
sulphur to protect the vine from fungal pathogens and the dried flowers of Chrysanthemum 
cinerariaefolium were used to protect stored grain. Lhoste [I] states that the insecticidal 
activity of pyrethrum was known in China in the first century A.D. In recent times the 
discovery of synthetic pesticides, starting with DDT and 2,4-D, led the way to an over
optimistic view that man could easily use chemical weapons to defeat the pests. To-day the 
overuse and mis-use of many pesticides h2s aroused considerable public concern about 
environmental pollution, the risk of residues in food to human safety and the hazards for 
those working directly in the fields. 

In many countries legislation has now been introduced to improve safety and reduce 
the risks; thus in the United Kingdom there is the Food and Environmental Protection Act 
(FEPA) together with the Control of Substances Hazardous to Health (COSHH) regulations 
which have introduced statutory requirements for the safe and judicious use of pesticides. 
This ir.cludes mandatory training of those who apply pesticides on farms. Other papers at 
this conference will consider the legislative aspects in more detail, but this trend has 
implications in the way pesticides are applied and the design of equipment. 

Traditionally most pesticides have been formulated so that the active ingredient can 
be mixed and diluted with water and sprayed through hydraulic pressure nozzles. 
Alternatively some chemicals especially the most hazardous have been applied as granules 
and a few have been used as dusts. Equipment used for their application was described by 
Matthews [2]. The two previous papers at this conference have referred to the changes in 
formulation technology. with greater emphasis on the application of suspension concentrates 
or dispersible grains rather than emulsifiable concentrates or wettable powders. Such 
changes are also being accompanied by the introduction of new methods of packaging 
including standardized containers with an opening to suit closed filling systems that 
eliminate the exposure of the operator to the most hazardous operation, namely the 
measuring out of the concentrate and transferring the product to the sprayer. 

In the United Kingdom, efforts to reduce the risk of environmental pollution by 
spray drift have led to the introduction of a standard system of nomenclature for nozzles to 
indicate the type (fan, cone, deflector. .. ), spray angle, output and operating pressure, 
without advertising any particular manufacturer's nozzle. 

Thus a F/1 I0/1.5/3 indicates a fan nozzle with a 110° spray angle emitting 1.5 litres 
per minute at 3 bar pressure. 

This has enabled the agrochemical industry to be much more precise in 
recommending how their pesticide product should be applied, instead of giving a rather 
vague volume application rate. Alternatively the pesticide label may refer to a particular 
spray quality (very fine, fine, medium, coarse and very coarse) which in effect limits the 
choice of operating pressure in relation to a particular nozzle selected to give the 
appropriate output. 
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Tne adoption of criteria for spray quality has been made possible by advances in the 
methodology for measuring droplet spectra [3]. Computerized laser light diffraction and 
other measuring instruments enable a sample of spray to be measured within minutes. Most 
sprays in the United Kingdom will be applied with 'medium' sprays but some pesticides 
may require a 'fine' spray with smaller droplets. whereas if there is any risk of do.mage to a 
susceptible crop in an adjacent field, a coarse spray will be recommended. However it is 
essential to remember that all hydraulic sprays will contain a range of droplet sizes so even 
a coarse spray wi~~ contain some fine aerosol droplets. These smaller droplets are very 
liable to shrink in not dry air, and become dry particles that are liable to drift over 
considerable distances. In practice drift is reduced if there is a slight wind which increases 
the proportion of droplets that are impacted on to nearby ve~~~tion, so there has been a 
move away from the more traditional recommendation of saying the ideal conditions for 
spraying are 'calm' conditions, and now a wind speed of 2-5 mis is recommended. Advice 
on the selection of nozzles for the farmer is now available in 'user-friendly' handbooks. 
published by the British Crop Protection Council. 

For the large scale farmer with mechanised equipment, recent developments have 
included the introduction of design changes to facilitate transfer of the pesticide into the 
sprayer, for example suction probes or a low level mixing tank. Ideally the sprayer would 
be a closed system in which the tank would only contain water; the pesticide would be 
injected into the water as close to the nozzle as possible. Such a system needs to be 
designed to apply a range of dose rates with formulations of different physical properties 
[4], and at present there are very few sprayers of this type available. In the meantime 
conventional sprayers can be fitted with a rotary washer to clean the inside of the sprayer 
with minimal quanL .. ies of water after spraying has been completed and spray the washings 
on the edge of the treated field. 

Some farmers have, however, adopted the use of air assistance in atomisation and 
delivery of the spray. One nozzle incorporates a baffle plate which breaks up the liquid 
into droplets that are mixed in a swirl chamber with compressed air, before being emitted 
from a deflector type nozzle. Studies have shown that the aerated droplets travel slower 
than conventional liquid droplets of a similar size, but are entrained in the air from the 
nozzle and get carried into the crop with less downwind drift. Sufficient power is needed to 
operate the compressor and care is needed to avoid excess air pressure which could produce 
too many small droplets. 

Another type of air-assistance on sprayers designed for field crops is using a large 
fan to deliver air through an inflatable or rigid sleeve mounted just above the spray boom. 
Air escapes from the sleeve through apertures or a thin slit above and to the rear of 
conventional hydraulic nozzle so that the air projects the spray into the crop. The air 
assistance provides better penetration of crop foliage and has been used where control of 
whiteflies has been needed on cotton, in preference to aerial applications. The machine also 
allows spraying when wind might cause drift from a conventional spray boom. 

Rotary nozzles designed originally for fitting to aircraft have been used on tractor 
mounted spray booms together with a hydraulically driven propellor to project the spray 
into the crop. Adjustment of the pitch of the propellor blades and speed of rotation can 
control the airflow. The swirling air flow is expected to improve the air turbulence within 
the foliage and provide better coverage of complex crop canopies. 

Spray drift is clearly an important issue and much more work is needed to improve 
pesticide deposition on some crops. In particular, orchard crops are perceived to be more 
environmentally polluting as spray is often projected up into a crop canopy. However new 
agronomic practices and cultivars are providing smaller trees which are much easier to 
protect. 
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On the large tractor-mounted sprayers there have been changes in the design of 
boom suspen::.ions, including the use of active boom suspensions to ensure nozzles are kept 
at the correct height above the crop. 

Apart from these changes which affect the design of the larger mechanised hydraulic 
sprayers, there have been a number of developments of manually carried and more 
specialized equipment, several of which are particularly relevent to the many small-scale 
farmers in China. 

MANUALLY OPERATED SPRAYERS 

The earliest c.~tempt to distribute a liquid pesticide over foliage was to dip a brush into an 
open bucket and splash droplets over the leaves. This method is still in use in many areas, 
but the idea cf carrying the liquid in a container on the operator's back was soon taken up 
some 100 years ago [5]. The basic design of the lever-operated knapsack sprayer has 
remained unLhanged to this day, although manufacturing techniques have changed and 
plastic materi~Js have largely replaced most metal components. 

It is Lnfortunate that the main criterion in selecting a knapsack sprayer, whether it 
is a continuously pumped lever-operated sprayer or a compression sprayer, has been its 
price, so sprayers are made in many countries as cheaply as possible. Such equipment 
often fails after relatively little use and may· not be repaired easily if the user cannot obtain 
spare parts o;- lacks the knowledge needed to repair it. Spray is often spilt ov~r the 
container, leakages occur and the lance is invariably held in front of the operator, who can 
get heavily contaminated with the pesticide. This has led to increasingly vocal criticism of 
pesticides in :he hotter climates in developing countries where farmers cannot afford or 
wish to wear protective clothing. 

Operator contamination can be reduced by better design of individual components on 
the sprayer For example the lid of the knapsack sprayer has always had a small hole to 
allow air to enter the tank during spraying, but if the operator bends down, liquid can spurt 
through the hole and contaminate his head. The hole can be simply blocked by a small 
valve that lets air in and prevents liquid escaping from the tank. Other design changes that 
some manifacturers are now adopting include improved design of straps and provision of a 
waist strap so that the container is held more firmly on the back and the weight is more 
evenly distrib:Jted. This allows a greater efficiency in transferring the effort of pumping 
into the pump action. A large air chamber to even out the pulsations in pressure with each 
pump stroke :s essential but sprayers should also be provided with a pressure regulating 
valve that is e..1sily set outside the container. This is needed so that the nozzle is operated at 
the correct pressure. A new design of 'spray management valve' is at present under 
development. 

A major problem with these sprayers is the difficulty for farmers in applying the 
correct dosage, as the farmer has little idea how much liquid is applied on a given area of 
land or crop. The factors involved are walking speed, swath width (choice of nozzle and its 
position relative to the target) and output of the nozzle (nozzle orifice size, operating 
pressure). A simple method of calibrating the equipment is needed so that the farmer 'sees' 
the quantity of spray applied. One development has been the 'Kalibottle' gtjlduated in litres 
per hectare, which is used to collect the spray while treating an area of 25m . 

Too often the cheaper sprayers are provided with only a single variable cone nozzle. 
Apart from the need to touch the nozzle tip to adjust the spray pattern, this type of nozzle is 
seldom set correctly for a particular type of pesticide. It is preferable to have a standard 
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nozzle that can be fitted with one of a range of different types of nozzle tip to obtain the 
correct pattern and spray quality. 

Efforts are needed to encourage operators to hold the lance downwind while 
spraying to avoid walking into the spray, or to accept mounting the nozzle on a boom to the 
rear of the spray tank. In Africa, several types of rear-mounted boom have heen used. In 
West Africa preference was given vertical (referred to as a 
tailboom) so that nozzles could ':>e set at different heights during the season '.'Jld adjust the 
spray volume to the increase in height of cotton plants. This provided protecti~1n of bolls on 
the lower canopy at the same time as buds on the top of plants. Walking 2·.vay from the 
spra} emitted between the rows of cotton resulted in far less operator contamir.ation. 

SPINNING DISC SPRAYERS 

In many of the semi-arid areas of the world, farmers were unable to fin(; or transport 
sufficient water to use with knapsack sprayers so an alternative technique was urgently 
needed to protect their crops. Efforts to control the desert locust in the I 95:J~s had led to 
the concept of ultra-low volume spraying. This was followed by the develop·nent of small 
light-weight electrically operated spinning disc sprayers [6] which enabled far ners to apply 
as little :is 2 - 3 litres of oil-based pesticide. 

These sprayers produce a much narrower range of droplet sizes and rdy on natural 
dispersion by gravity and air turbulence to distribute the spray into the croo canopy. A 
sequence of overlapping swaths builds up a deposit downwind of the operator while moving 
progressively upwind through t!1e field. Experiments in Africa confirmed that farmers 
could obtain as high a yield of cotton without the drudgery of carrying water and pumping 
it [7, 8]. This technique has now been most widely used in West Africa, bt:t also in The 
United Republic of Tanzania and Indonesia. However, the cost of the 3 litr<.'i of oil-based 
formulation has led to farmers in some countries reverting to the conventiom:l water-based 
formulations diluted in only 15 litres of water per hectare or as little as 5 I/ha if an 
evaporation retardant is added to the spray. In Zimbabwe, molasses was used as this also 
acted as feeding stimulant and increased the stomach activity of the pesticide. Considerable 
moth mortality was recorded on the night after application. Emulsified vege:able oils and 
other adjuvants have been used as an anti-evaporant. 

Using a slower disc speed to obtain larger droplets (c.250 µm) that are rapidly 
deposited with little downwind movement, spinning disc sprayers are also used to apply 
herbicides, but the adoption of this technique has been far less than the application of 
insecticides. Nevertheless the potential to increase weed control at the start of a season 
when water supplies are pnor, suggests that more efforts are needed to do research and 
show farmers the benefits of early weed control, while reducing the risk of soil erosion that 
frequently occurs after hoeing has loosened the soil. In practice much of the expansion in 
the use of spinning disc technology for weed control has been in the amenity area, as local 
authorities have welcomed the increase in work-rate and reduction in the drudgery of 
carrying heavy loads of water. The use of a shrouded disc enables the swar1 width to be 
controlled as well as droplet size. 

ELECTROSTATIC SPRAYING 

Concern that the insecticide spray is applied from spinning disc sprayers by a downwind 
drift technique led to the research on using an additional force - electrostatic - to increase 
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the deposition of the spray droplets. This research led to several devdopments in which an 
electrostatic charge was added to spray from existing nozzles [9, 10, 11, 12) or the 
electrostatic forces were aiso used to create the spray droplets [13]. For the small-scale 
farmer the latter system has been developed to a commercial hand-carried 'Electrodyn' 
sprayer, that is now increasingly used by cotton farmers [14]. ln this system four 1.5V 
batteries are used to power a solid-state generator that provides a 24kV source to the 
specially designed nozzle. This nozzle is incorporated into a pre-packed container, referred 
to as a 'Bozzle'. Liquid formulated in an oil and solvent to provide the appropriate 
resistivity is fed by gravity through the nozzle. The charged liquid emerges as regufa.r!y 
spaced ligaments that break up into droplets within a very narrow size range. The size of 
droplets can be altered by adjusting the flow of liquid so some products are available in 
'Bozzles' with different restrictors identified by a colour-coded cap. 

This sprayer is used in much the same way as the hand-carried spinning disc sprayer 
with the nozzle held downwind of the operator, but as the spray is deposited with minimal 
downwind drift, the farmer has to walk through the crop more times with a narrower swath. 
Battery life is much longer as the power requirement is only 0.1 watt. The use of a pre
packed container eliminates the need for the mixing of pesticide, so operator contamination 
is generally far less than with any other technique provided the farmer understands how to 
hold the nozzle relative to the crop. However, the operator can get contaminated if there is 
no earthed object nearer to the nozzle. 

Using an electrostatically charged spray, most of the pesticide is deposited on the exposed 
outer foliage of the crop canopy, with droplets on both upper and lower surfaces of leaves. 
The amount of penetration into a crop canopy depends on the amount of air turbulence as 
well as the volume of air space between the rows and within the plant structure, so the 
technique is best suited to the semi-arid crops which have relatively small plants. Irrigated 
crops with tall lush foliage are not suited to the method. 

Foliage collects most of the charged spray, so very little pesticide is deposited on the 
soil under the foliage, and this enables many of the predators such as carabids and ants to 
survive in contrast to the conventional spraying systems where much of the pesticide is 
wasted on the soil [15). Where only small plcts are treated with the pattern of discrete 
droplets, there is also some evidence now that parasitoids can recolonise a treated crop, thus 
Plutella xylostella on brussels sprout plants were parasitized by Diadegma fenestralis one 
week after spraying [16]. The spraying method is therefore also suited to intercropping 
systems to treat individual crops grown in relatively narrow beds, as spray drift to the 
adjacent crops is less than with uncharged sprays. 

Development of the 'Electrodyn' sprayer was initially based on the pyrethroid 
insecticide cypermethrin, but there is now an extended range of different insecticides, 
including chlorpyrifos, profenophos, carbosulfan, pirimicarb, lambda-cyhalothrin and 
bromopropylate [17], so that choice of pesticide can be made in relation to crop monitoring 
and resistance management policies. 

ADOPTION OF NEW TECHNOWGY 

Farmers need a system of chemical control which is easy to use and will decrease a pest 
population rapidly anc subsequently increase crop yields significantly. Initially crop 
protection chemicals were formulated as dusts, as this technology was already established 
for fertilizer use. However, it was soon appreciated that toxic dusts could be blown by the 
wind and drift on to neighbouring fields and contaminate the environment. Spray 
application using water to dilute the pesticide product was soon accepted as more efficient 
than using dusts, so that the majority of pesticide products arc formulations for application 
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with a hydraulic sprayer. There is therefore theoretically a universal system with equipmen~ 
ra.'lging in size from small hand-operated machines to large mechanised self-propelled 
sprayers capable of applying most pesticides; a few highly toxic compounds being only 
applied as granules. Unfortunately hydraulic sprays, while being effective, are not efficient 
in terms of transfer of the active ingredient, and in many situations less than I per cent of 
the pesticide actually reaches the site of action in the pest. In consequence spray technology 
remains one of the least efficient processes used by man. 

In view of the need to avoid some of the consequences of pesticide use, such as selection of 
resistant pests, resurgence of pest in the absence of natural enemies and wastage of pesticide 
in the environment, there is a need for more efficient application delivery systems to fit in 
with the integrated pest management approach. The difficulty in getting any new 
application technique accepted is that in most cases a new technique will be more 
specialized. In this paper reference has been made to very-low or ultra-low volume spray 
techniques, but their use has been confined almost entirely to the semi-arid areas where 
cotton is severely damaged by a range of insect pests. Special formulations for ultra-low 
volume require separate registration, and in some cases only a limited range of active 
ingredients can be used, thus the more active molecules requiring only a few grams per 
hectare are more suitable than certain of the older, less active pesticides. Other specialized 
techniques include seed coatings and granule application, and there will be increasing 
demand for application of pheromones and pathogens such as Bacillus thuringiensis and 
baculoviruses, which may require very specific types of equipment and formulation. 

To gain acceptance of a new technique clearly needs a sufficiently large research 
programme to devise the appropriate technique for a given pest species and product, but 
that is only the beginning of the problem of technology transfer to the farmers. The most 
successful implementation of a new application technique, or indeed the adoption of an 
integrated pest management programme has usually followed a crisis, when existing 
methodologies have failed. There is then the climate for a consensus to get together so that 
the results of research can be taken up by the extension services in close collaboration with 
indJstry and the representatives of the farmers. Research, extension, industry and the 
farmers must rely on integrating their efforts. F.ach trying to work alone is doomed to 
failure! Unfortunately in many countries the .extension service does not have the same 
prestige as the more academic research, and in consequence there is insufficient 
communication between resear:h scientists and extension staff to ensure that a new 
technology is fully understood. Lack of feedback to the researcher from the farm will also 
cause problems if adjustments to the technology are needed to make it more acceptable to 
the farmer. Training individual small-holder farmers in new techniques with equipment 
that they may share in a viliage is clearly an important part of improving the application of 
pesticides, reducing environmental pollution and ensuring the appropriate selection of 
chemicals. 

Application technology faces an interesting challenge as new molecules, such as the 
acylureas are discovered, there is greater interest in applying microbial pesticides and there 
is a need to apply very specific chemicals such as the pheromones. In many cases only a 
few grams of active ingredient will be required per hectare so they will require more 
selective placement with significantly less wastage compared with the relatively simple and 
inexpensive products like DDT. Registration authorities will need to consider novel 
techniques to provide a range of different application techniques to suit particular pest 
management programmes, as well as new chemical or microbial products. 
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ABSTRACT 

It is well established that under general practical conditions of application, the pesticide 
used is estimated to be only a mere fraction of the actual amount applied. Such poor 
efficiency stems from an inefficient application system which delivers a very low quantity 
of pesticide onto target organisms and wastes most of it into the environment. The so called 
target spraying could be successful if the biological and pesticidal properties are brought 
into consideration. The paper gives examples of phosphamidon as t!ltra low volume spray 
used on rice for protection against Cnaphulocrocis mediu/is in China, and it is also used c : 
cotton in Thailand for protection against Heliothis annigera. Depending on the require
ments, the droplet size and deposit densities are important factors. Among the methods 
that have been developed for target spraying in recent years is a hand-held mist blower 
called 'HANDIMIST' developed in China for small-scale farms. It could be used to save 
expensive pesticide active ingredients and would provide protection of the environment. 

GENERAL CONSIDERATIONS 

It is well established that pesticide requirement is only a mere fraction of the actual amount 
applied in practice. Such poor efficiency stems from an inefficient application system which 
delivers a very low quantity of pesticide onto target organisms and wastes most of it into 
the environment. The so called target spraying could be successful if both pest biology and 
pesticide properties are brought into consideration. In this paper examples are given on 
the utilization of the behaviour of air-borne organisms and pesticide oarticles and their 
behaviour on plant surfaces. Depending on the requirements, the droplet size and deposit 
densities urc important factors. Among the methods that have been developed for target 
spraying in recent years is a hand-held m;st blower called 'HANDIMIST'* developed in 
China for small scale farmers. It could he used to save expensive pesticide active ingre
dients and would prnvi<lc protection of the environment. 

*'HANDIMIST' i~ .1 11 1:.11m: of a hand-held mist blower dcvclopcd in China. 
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Pesticides play an important part in agricultural pest management. The global yearly 
output of chemical p~·sticides has been estimated to be more than 2 million tonnes. but 
unfortunately, the application dficiem.)' ts very low. On average merely l in 10

7 of applied 
insecticiJe is received by the pest insects according to the recovery of chemicals extracted 
from insect bodies colkcted from the treated crop area. 

This surprising information focused the attention of scientists of different disciplines 
on the efficiem.-y of chemical control methods and we are now under pressure to face the 
urgent problem of how to increase the efficiency of pesticide usage. 

It is very difficult, if not impossible, to focus on the target organisms accurately during 
pesticide application without any loss of the chemicals, hut there would be much improve
ment if both pest biology and pesticide behaviours were brought into consideration. What 
is a target'? Against the background of pesticide application technology, a target is a place 
or site on which the applied pesticide should deposit in order to induce a prompt or residual 
response fror- the pest, whether the pest is in situ or will come to the treated place later. 

Accordingly, there are two different types of targets; direct targets, e.g., pest insects, 
pathogenic diseases, weeds, harmful vertebrates, etc., and indirect targets e.g., crop plants, 
soil. etc. Indirect targets are most important targets in pest control, because a residual spny 
on plant surfaces is generally capable of protecting the crop plant for a relatively long time, 
so that the repeated attack of the pests can be avoided. However, it is not necessary to 
spray heavily or thoroughly, i.e., to give a blanket spraying. More than 60% of the chemicals 
would he lost under such a high volume spray, which takes the whole crop or whole crop 
field as its target. A correct and rational strategy for chemical control is to reduce the target 
area as much as possible to avoid any meaningless loss of pesticides in non-target areas. 
Pests usually have their own habitat as shown in Table I, and this habitat can be called the 
effective target area (ET A). 

Part of The Canopy 

Top 
Middle 
Basal 
Terminal Bud 
Fruit 

TABLE I 
Effective Target Area (ETA) 

Pests and Pathogens 

Wheat Scab, English Grain Aphids, etc. 
E. pseudoconspersa, etc. 
Brown Planthopper, Rice Sheath Blight, etc. 
Cotton Aphids, Cotton Bollworm, Apple Powdery Mildew, etc. 
Peach Fruit Borer, Lima Bean Pod Borer, etc. 

An ETA is a certain pan of a plant where the pests live and develop, and once the ET A is 
covered by sufficient pesticide deposit, an effective control of the pests will then be 
achieved, no matter whether the other part of the crop plant is covered by the chemicals 
or not. Su'h a rcasonahlc technique cannot be successful if we are ignorant of the behaviour 
of the pests and the characteristics of the pesticides, especially the movement and bchaviou r 
of pesticide droplets and particles. It will also be impossible if we lack suitable application 
equipment an<l sensible operation systems. 
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BEHAVIOUR OF AIR-BOR!\E ORGAr'llSMS AND PESTICIDE PARTICLES 

The famous Porton \kthml JcvdopeJ in ll)-t5 for swarm control was hased on the locusts 
migrato~ hdta\iour and the spray droplets· physical hehaviour. A droplet size of 100-
JOl)um \\a:-. :-.ugge:-.te<l to he the effective air-home pesticide droplet size which was capable 
of forming a :-.pray doud or a toxic curtain in the air ahead of a swarm. Since the swarm ha..; 
a positive anemota.xi~ hehaviour. the spray droplets could he easily captured by the locusts. 
Three to fo'e drops each containing 5l~1g of toxicants were enough to kill an adult. 

This techni4ue had been improved [ l] in a project for spruce budworm control in 
Canada. Fine droplets (30-t>l)um) of phosphamidon (Dimecron) solution were emitted 
into air to form a spray cloud about 250m high from the ground. The spray cloud remained 
in air as long as 50 min so that the fine droplets had sufficient time to be captured by the 
flying moth. By this method merely 2g ( a.i.) of phosphamidon per hectare (ha) was enough, 
while 200g (a.i.)/ha is generally necessary for conventional aerial application. 

:\ number of the adults from Noctuidae fly at night, such as the rice leaf roller, the 
cotton boll worm, etc. Renda! [2} described an interesting system for control of cotton boll 
worm. Hdiorhi'i amzigcr", in Thailand. An ultra low volume application spray unit was set 
up in the field and connected to an automatic control system, so that the unit could spray 
automatically at night at intervals of l hr, forming an intermitter.t spray system. 

We have tried to make the adults of rice leaf roller take off from the rice canopy in 
daytime and have then sprayed with fine droplets. This proved successful when a hand
operated mist hlower, the HANDIMIST was used. The swinging of the nozzle and the air 
stream of the mist blower disturbed the rice canopy so that the moths took off from the 
canopy and impinged with the spray cloud. By this method a dosage of 255g (a.i.)/ha was 
enough to give an excellent effical)' (3]. This application method also proved useful in 
wheat hulh fly (Belia c:oarcta1") control when a motorized knapsack mist blower or a 
HAN DI MIST was used[~). 

Flying a<lults may more easily entrain fine droplets of pesticide solution because adult 
antennae are easily impacted by the fine droplets [5). On the other hand, there are many 
chemorecepti\·e sensilla located on the antenna surfaces making it very vulnerable to 
contact insecticides. 

The sensitivity of antennae to pesticides is seen in Table 2. The adult of litchi stink 
hug ( Tc.Haratima papillosa) was tested by topical application of trichlorfon solution (in 
acetone) onto different parts of tht> adult's body. A 0.1 % dilute solution of trichlorfon in 
acetone (2J~11I) was applied to the selected part or organ, and one group of bugs treated 
with acetone only was kept as controls. 

The movement of fine droplets or particles is strongly affected by meteorological 
conditions, especially air turbulence. In daytime the fine particle:-. move upward with the 
ascending air current and the deposit efficiency will doubtlessly he decreased. lnve1 sion 
condition is helpful to increase the deposit efficiency. For example, serious drift will occur 
if pesticide dust is applied in daytime, hut it will form a stahle cloud within the inversion 
layer at dusk. We have succet:ded in applying a dust of trichlorfon-malathion combined at 
dusk to control the cotton holl worm [7]. 
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TABLE:! 
The sen~itivity of different part of the litchi bug body to trichlorfon [oJ 

Part 
treated 

Antennae 
Protergum 
Tarsus 
Sterna 
Control 

Adults 
treated 

30 
30 
30 
30 
30 

Mortality of the adults C:{ 

after 24 hr after 48 hr 

70.0 83.3 
40.0 53.3 
50.0 70.0 
26.7 40.0 
0 0 

A very interesting phenomenon induced by the behaviour of smoke particles attracted 
our attention. We found that the efficacy of Daconil Smoke Pdlet (active ingredient: 
chlorothalonil) in the green house is much better at night or in early morning. This was 
not caused by the influence of temperature upon biological activity but stemmed from 
deposit characteristics. The very fine aerosol particles could be captured by a target which 
is cooler than the ambient air but if the target is warmer than the environment air, the 
deposit will be far less than that on a cooler target (see Figures 1and2). This phenomenon 
was early discovered by Tyndail and termed the thermophoresis effect. 

Making use of this phenomenon we have been able to improve the efficacy of 
cucumber downy mildew control with Daconil Smoke Pellet in vinyl hou!'le by treating the 
house at nearly midnight, because the temperature of leaves is lowest then (8). 

REHA VIOUR ON PLANT SUIU,ACES 

The behaviour of pest organisms and pesticide particles appears to be much more 
complicated on plant surfaces. Prior to deposition, the pesticide particles must first impact 
with the plant surface. The mechanism of impaction has been studied by many research 
workers [9-13 ]. Bouncing of droplets on target surface, which usually occurs when the spray 
liquid lacks wetting ability, is an unfavourable behavioural factor which may reduce the 
depositing ability of spray droplets. Brunskill found that a droplet bigger than I OOum would 
bounce from a pea leaf but a wetting agent could prevent this. This was confirme<l hy Lake 
on barley and the so called critical droplet size was suggested, to express the stability of 
droplet on a plant surface. The critical droplet size of water was said to be I0011m and could 
he enlarged by certain wetting agents. However, drainage may happen if the concentration 
of the wetting agent is too high or the volume of applied liquid too great (Figure 3), because 
an overdose of the surfactant reduces the contact angle of the spray liquid Cf able 3 ), so that 
a rather smaller volume of the liquid could he kept on the !'!Urfacc. 
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THERMOPHORESIS OF AEROSOL PARTICLES 

• . . . . . . . cold oody 
• 

. . . . 
• • 

• • • • • • • • 
• •• •• • • • • • 

• 

Figure I. Thermophoresis effect 

According to Young's opinion three situations of bouncing may occur: 

I. Low energy situations: the impacting droplet undergoes elastic o'cillation and 
then detaches from the leaf. 

2. Medium.energy situations: the droplet impacts and progressi·-1ely flattens over 
the leaf surface. The expanded drop may only contact the :idjacent ridges, 
leaving air-gaps in between. 

3. High energy situations: in this case the radial expan~ion is so rapid that the 
liquid perimeter is ruptured and satellite~; are thrown out. The remaining liquid 
recoils and may detach from the leaf. 

Fine droplets have smaller terminal velocity and undt:rgo flow energy impaction; no 
radial expansion or secondary disintegration will happen. Therefore fine drop spraying 
usu2lly produces a more stable and steady deposition. However it was found that the 
deposit of fine drops was not uniform on the leaf. The droplets captured by the top third 
of a rice or wheat leaf is usually 2-3 fold more than that captured by the basal third of the 
leaf and double that of the middle third. Thi~. is valuable in control of pests such as rice 
leaf roller, leaf blight, thrips, etc., and more than 25% of the pesticide could be saved [ 14]. 

Courshee [15] reported that the deposit par:ern within a wheat canopy could be 
changed by selecting the spray angle. A spray a.1~ie of 60° made the deposit-density on the 
upper third of a 30cm tall wheat canopy double the density on the ground, and 2.34 fold 
higher than thm on the bottom third. Spraying perpendicJlarly (0°) reduced the deposit 
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density on the upper third of the wheat canopy sharply to 1/15 of that deposited on the 
ground and about half of that on bortom third. However, this was never possible if a hollow 
cone nozzle was used with a wide spray angle. 

A new h~nd-opernted mist blower, the HANDIMIST, as mentioned in preceding part 
of this text, gives good results. With a narrow-angled solid cone nozzle, the HAN DI MIST 
is able to deliver fine drops omo a relatively narrow target area, and the spray angle is 
adjustable by turning the nozzle upward, downward or sideways as required. This equip
ment has proved successful in the control of wheat aphids, wheat scab, rice blast, rice leaf 
roller and thrips locating at the top of the canopy, using a side-ways spray. 

Due to its very low application rate, i.e. 15-37 Uha, HANDIMIST appears to be very 
handy and easy for use if compared with a conventional hydraulic knapsack sprayer which 
is so far still the predomir1<rntly used equipment in China. Accordingly HANDIMIST 
appears to be a rational hand-held spray equipment for small-seal!! peasant farmers. 

A number of pest organisms localize on abaxial surfaces of plant leaves, such as 
aphids, white flies, pathogen of downy mildew, etc. It is very difficult to deliver spray drops 
onto abaxial surfaces, especially when the crop density is high, e.g. the full-bloom stage of 
comm plant. At this stage the cotton field is fully stocked and a serious shielding effect 
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occurs betwe~n cotton leaves, which reduces the penetration ahility of spray drops into the 
cotton canopy, and aliows still less deposition on ahaxial surfaces. However, we found a 
possibility to make use of such behaviour of cotton leaves. 

Cotton leaves have a phototaxic behaviour which makes the leaves declined with their 
a<laic.ial surfaces toward the sunlight, so that their abaxial surfaces will then be exposed to 
spray cloud. Thus the collonial structure of the cotton field changes from an enclosed 
system to an 01.Jen system, permitting the spray cloud to penetrate easily into the cotton 
canopy [ 16, 17]. The declination angle can be found from Table 4. 

TABLE3 
Contact angles of surfactants on litchi leaves (Litchi clrinensis) [6] 

Contact angle on adaxial/abaxial surface 

Concentration of ABS-Na Tween-20 OP-10 
surfactant's 
solution ( '1{.) Ad ax. Abax. Adax. Abax. Ad ax. Abax. 

0.001 60.0 11 l.3 66.3 112.7 57.0 91.7 
0.002 49.2 100.3 60.0 86.0 52.7 68.3 
0.005 47.3 76.0 56.0 72.0 50.0 59.7 
0.01 38.3 52.3 50.3 !>9.3 46.3 51.0 
0.02 32.0 37.3 48.7 58.7 43.7 48.3 
0.05 28.3 31.0 43.3 56.3 40.0 41.3 
0.10 27.7 26.7 36.3 53.0 33.8 33.7 

TABLE4 
Declination of cotton leaves toward sunshine (D0

) in summertime (July, Beijing) 

Location of 
the leave:; 

Upper part 

Middk part 

Lower Part 

6:30 

() 

0 

0 

Declination (D0
) at different time 

7:30 8:30 9:30 16:30 17:30 18:30 I 9:30 

33 45 41 35 41 45 42 

25 40 35 33 38 40 36 

15 25 20 15 20 25 25 

Eastwards Westwards 
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An interesting phenomenon was also found in peanut canopy. The peanut plant 
possesses opposite leaves which used !o close together face-lO-face at night and open again 
from dawn till dusk. Doubtlessly this behaviour could be made use of when the pesticides 
are required to be applied onto the abaxial surfaces. 
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NATURAL PRODUCTS AND THEIR POTENTIAL AS PEST CONTROL AGENTS: 
FOCliS O~ PESTICDES OF MICROBIAL ORIGIN 
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The Inslitute of Physical and Chemical Research 

2-l Hirosawa, Saitama 351-01, Japan 

ABSTRACT 

While the selective activity of certain microbial products against a wide range of plant pests 
and diseases is well known, relatively little use has been made of them in agriculture. In 
this field, keen interest is at present largely restricted to Japan where blasticidin S and 
kasugamycin are used to control blast disease in rice and polyoxins and validamycins are 
effective again:...t rice sheath blight. Recent co-operative work between Chinese and 
Japanese scientists succeeded in discovering several new microbial substances active 
again:...t plant diseases. The pesticides of microbial origin apparemly have the advantage of 
larget specificity and of being biodegradable. 

Although pesticiLles have played an indispensable role in preventing crop losses caused by 
pests and diseases to meet the increasing population in the world, chere is growing concern 
ahout pesticides on their side effects on non-target organisms and from environmental 
viewpoints. This points to the need for selective pesticides with higher degradability in 
nature. Some older conventional pesticides such as DDT and BHC are hazardous to 
mammals through their biological concentration in the food-chain and they remain in the 
natural environment for a :ong period. On the contrary, naturally occurring pesticides are 
generally specific for target organisms and are supposed to he inheremly biodegradable 
since they are synthesized biologically. Thus worldwide interest in pesticides of microbial 
origin has lately been renewed. 

The use of microbial products to protect crops against plant pathogenic bacteria 
originated in Europe am.I the United Swtes, applying medicinal antibiotics such as strep
tomycin. tetracycline. or chloramphenicol. Then, cycloheximid!.! and griseofulvin were 
introduced for lhe control of fungal plant diseases. The use of these compounds was, 
however. not extensive. Later. many attempts were made to find microhial products for 
the: prime: purpose of plant disease control, hut most compounds had no practical promise 
because of their in!'ltahility in field use or phytotoxicity. In Japan. however, an epoch-mak-
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ing substance named Olasticidin S (fig.I) was discovered in 1958 (Takeuchi et 111 .• 1958). 
and it exhihited hi~h effi<:acy in controlling rice Olast disea~e. the mo,t serious and damaging 
of all diseases of ri\'.e in temperate and humid climates found in fapan. The -.u\'.cess of 
Olasticidin Sin practical use inspired further research for new pesticides of microbial origin. 
leading to the development of excellent antifungal substances such as kasugamycin ( Ume
zawa et al .. 1%5), polyoxins (lsono et al .. 1%5; Fig. 2 & 3). validam~cins (Iwasa er al .. 1970) 
and mildiomycin. In addition, microbial products with insecticidal and herbicitial activity 
have also been found; tetranactin (Ando et al .• 197 l) as a miticide and bilanafos (Fig. 4) as 
a herbicide. If gibherellins. well-known plant growth regulator-.. are included in this 
category, microbial products are being used in every sph-2re of pest.cide use. Tahle 1 shows 
the main pesticides of microbial origin practically used in Japan (for fuller details of the 
characteristics of substances see tMisato et ul., 1977]). It might he surprising that seven 
compounds out of ten were discovered in Japan. 

In recent years, standards for the disposal of industrial waste~ have become more and 
more strict. and consequently the manufacture of synthetic chemicals becoflle~ quite 
expensive if waste disposal facilities, as well as production plants, must he set up for each 
new prot.luct. Jn this concern, pesticides of microbial origm have an economic ;.u.lvantage, 
since a variety of substances can he manufactured using one set of e4uipment aml facilities. 
Additionally. they are produced not from limited fossil resourc~s hut from renewable 
agricultural products through fermentation by microorganisms. From these aspects, pes
ticides of microbial origin would he more advantageous especially for developng countries. 
and bettter results can be expected there in the future. 

As is true for every scientific technique, their use also has limitations. One c.lisaJvant
age is the difficulty in their microanalysis, especially when they consi-.t of many components. 
The second demerit is that, because of their highly specific mechanism of action. they are 
apt to suffer from the emergence of resistant strains. To cope with this problem, it is 
soJTu:times a requisite to combine the agents with other chemicals having different action 
mechanisms or to use them in rotation. Further, the higgest limitation to the use of 
microbial products in agriculture would be a concern that their wide use might create 
resistant strains which could hinder medical treatment of hurPan:-.. Thi~ concern seems 
particularly noticeable in advanced Western countries. where the u ... e of microbial products 
<;tarted by an application of medicinal antibiotics as mentioned e~rlier. Fortunately, the 
use of pesticides of microhial origin in Japan for more than 20 y.:ars has never met any 
problem involving cross-resistance with medicinal antihiotics. Naturally, sufficient precau
tions must be taken not to cause any resistance in human pathogens in the future. However, 
this approach should not he limited to pesticides of microbial origin. There should he no 
difference between microbial products and synthetic chemicals in this respect and the 
important point is whether or not any pesticides may induce resistance •o medicines. At 
present, the use of microbial products in agriculture is subjected to ri~ic.' regulations and 
restrictions apparently because they are called "antibiotics". This -.hould ~e reconsidered 
from scientific points of view and it can he argue<l that they should be treated in the same 
way as synthetic chemicals. 

Amorg the pesticides listed in Tc.ible I, polyoxins and valiuamycins are 4uite safe 
pesticides; non-phytotoxic, and non-toxic to huma:is, livestock, an<l wildlife. Such excellent 
characteristiC'·i seem to he due to their modes of actions. Polyoxi11-. selcdively inhibit the 
synthesis of fungal cell wall chitin, which docs not exist in mammalian cells (Hori l'I ul., 
1974 ). Validamycins have exceptional characteristics. i.e., they arc not fungicidal hut only 
deteriorate the normal mycelial growth of the pathogen on plant.... Probably because of 
such moderate activity, no occurrence of resistant strains have hccn reported following 
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validamycin treatment, despite the largest consumption among pesticides of microbial 
origin. Further, components of avermections (Dybas, 1983), insecticidal microbial pro
ducts discovered in the US, were successfully transformed into significantly more active 
derivatives by chemical modification of the original structure~. These findings leave 
considerable scope for future prospects of microbial products. In addition new microbial 
products with novel characters may be found against those pests and diseases such as soil 
borne diseases and viral diseases which are difficult to control by synthetic chemicals at 
present. 

It was envisaged by Dr. H. Geissbuhler ( 1986) that crop and pest biochemistry and 
molecular biology will make rapid further advances, new biotechnology will be an import
ant factor of future plant protection research and strategy. For example, more efficient 
production of microbial products will become possible by modern gene engineering. By 
the extensive use of computer and data processing procedures, biorational approaches will 
also become feasible in the design of new pesticides from microbial products. 

Blasticidin S has broad antimicrobial activity but occasionally exhibits an adverse 
phytotoxic effects on some broad-leaved plants. The structural gene, bsr, of an inactivating 
enzyme (Yamaguchi et al., 1972, 19&5, 1986) has been cloned and introduced into tobacco 
plants using the Ti plasmid vector system, which demonstrated that the bsr gene afforded 
a blasticidin S resistant phenotype to the plants (Kamakura et al., 1990). This gives an 
example for a new approach to the solution of phytotoxic problems with some fungicides. 
In addition, a tabtoxin resistani::e gene ttr isolated from the pathogen Pseudomonas syringae 
pv. tabaci was also introduced into tobacco cells. The transgenic tobacco plants showed 
high specific-expression of th·e ttr gene and no chlorotic symptoms caused by tabtoxin 
treacment or with infection by the pathogen (Anzai et al., 1989). These plant genetic studies 
may demonstrate another new approach for plant protection research. 
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Table I Microbial Products Used in Agriculture in Japan 

Substance Effective against 
Anti fungal 

Blasticidin S * Rice blast 
Kasugamycin* 
Polyoxins* 

Validamycins* 
~'lildiomycin * 

Antibacterial 
Streptomycin 
0 x ytetracycl in 
Novobiocin 

Insecticidal 
T etranactin * 

Herbicidal 

Rice blast 
Rice sheath blight, 
Fungal diseases of fruit trees 

and vegetables 
Rice sheath blight 
Powdery mildew 

Bacterial diseases of fruit trees 
and vegetables 

Bac~~rial canker of tomato 

Mites of fruit trees and tea plants 

Bilanafos* Weeds in mulberry field and orchard 
*Compounds discovered in Japan. 
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ABSTRACT 
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Pesticides will continue to be needed in the near future to control at least half of the insect 
problems affecting agriculture and public and animal health. At the same time, the 
problems of insecticides resistance and detrimental effects on humans and other non-target 
organisms associated with the large-scale use of broad-spectrum synthetic insecticides 
cannot he overlooked. This has led to a decline of the discovery rate of synthetic 
insecticides. Fortunately alternatives exist within natural products. The paper reviews the 
status and potential of insecticides of plant, insect, and microbial origin in the context of 
current pest control challenges and future biotechnological opportunities. 

INTRODUCTION 

More than one-third of world crops are destroyed by in:,ects, plant pathogens, and weeds 
(Pimentel & Pimentel 1979). An additional 10 to 20% of crops is lost to insects, microor
ganisms, rodents, and birds during postharvest operations and storage (Pimentel & Andow 
1984 ). Thus almost one-half of the potential world food material is damaged or destroyed 
annually. Pesticide use has therefore become indispensable to modern, high performance 
agriculture. Without pesticides crop losses would escalate further. Crop lo~ses would he 
even greater in developing countries where alternate crop protection measures are still 
being strengthened. 

Averting crop losses caused by pests is a high priority in A'iia with 60%. of the global 
population. The tropical environment is conducive to insect multiplication and enhance~ 
their capacity for destruction. The current agricultural practice of planting large acreage 
to standardized crops offer optimum conditions for the development and spread of destruc
tive inszcts. Insects also affect public and animal health and transmit some highly debili
tating diseases. Insecticides will therefore continue to be needed to control at least some, 
if not all, the insect pest problems in Asia. 

Although only 21 % of the pesticides produced worldwide are used in developing 
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countric:- ( Ucr0 1974). the i1Kidence of human poi:-.oning is disproportionately high in 
developing countrie:-. Poisoning occurs mosrly during handling and applicarion of pes
ticide:-. The poisoning of livestock. fish. wildlife. and other beneficial organisms are h1~Jen 
co:-ts in pe:-.til'ide use. The inherent problem lies in the nature of pesticides used. Most 
insecticides developed afrer DDT have heen synthetic. nonsdective, neurotoxicchemicals. 

lnsecricide re:-.isrance is a major problem associated with the use of toxic, synthetic 
in:-ecricides. Numerous pesr species have become resistant to insecticides. Also the 
prohlem has manifested it:-.elf in a widening circle of cross and multiple resistance. In 1954, 
there were only ten insecr species known to he resistant to insecticides; by 1980 and 1986, 
the figure rose to -U2 and 44 7. respectively (Georghiou l 98t> ). The decreasing effecti\'eness 
of insecticides is exemplified hy rhe Jiamondback moth. Plutellu .xylmtellu, which in the 
Philippines and Thailand has become resistant to all major classes of insecticides. The 
discovery rare of new insecticides has declined in recent years due to an exponential 
increase in the cost of de\'eloping synthetic insecticides (Metcalf 1989). 

Resurgence of insect pesrs associare<l wirh insecricidal destruction of natural enemies 
and development of insecticide resistance has necessitated frequent applications of insec
ticides at higher rates. ending in an insecticide treadmill. This is uneconomical and 
exacerbates the problem. 

Complex insecticille resistance management programs, ~omprising alternation of 
insecticides across generations. nonpersistent formulations, and the use of pesticides 
conferring only low magnitudes of resistance have been recommended (Roush 1989). 
However, they deal with only one aspect of the multifaceted insecticide problem. 

Clearly, new insecticides are needed which are pest effective, nontoxic to humans and 
beneficial organisms. economical, biodegradahle, less prone to development of insecticide 
resistance. and less expensive. Such insecticides are the dreams of applied entomologists. 
Fortunately. a few natural products may qualify for some of the attributes of ideal insec
ticides. This paper reviews the status and potential of plant-based, insect-based, and 
microbial insecticides. 

PLANT-BASED INSECTICIDES 

Plants are rich in hioactive organic chemicals. About 10,0()() secondary plant metabolites 
have been chemically identified; their total number may exceed 400,000 (Swain 1977). 
They include defense chemicals, comprising repellents. feeding deterrents, growth inhibi
tors, sterilants, toxicants, etc. Some of the oldest and most common insecticides (nicotine, 
pyrethrins. and rote none) were derived from plants. Before the advent of synthetic 
insecticides. it was common practice in China and India to use plant derivatives for warding 
off attacks hy household and agricultural pests. 

Pl<int species reportedly screened for insecticidal properties exceeded 6,000 by 1971. 
Of these 2,400 species h<ive been recorded to possess measurable to considerable a'tivity 
(Grainge & Ahmed 1988). Plants that are amenable to commacial exploitation have 
generally received greater attention. 

Nicotine and Other Alkaloids 
Long before nicotine was identified as the principal toxic alkaloid of tobacco, farmers were 
using tobacco leaf powder or leaf extract as an insecticide. Nicotine kills insects upon 
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cr.macl and a:-. a lumigalll and slmnach poison. It occurs in varying concentralion in about 
18 Nico1i,ma "P· (Solanaceac;. The commercially imporlalll species N. 1l1bacum and N. 
nwica «.:ontain ht:lween o and 11"£ nicotine. Nio1tine though toxic to in~e..:ts ha'i little 
advantage m·er synthetics because of its high production costs. tlisagreeahle ~mell, antl 
ir.secticidal activity limited mo~tly to soft-bodied insecb. sud1 as aphids. Commercial 
production of nicotine b greatest in the United Kingdom. India, Germany, antl the 
Netherlands. On a worldwide ba:-.is. around o00,000 kg of nicotine sulfate and 75,000 kg 
of pure nicotine are produced annually. 

Rotenone and Rotenoids 
Rotenone and rolenoids. derived from certain legumes, called toeba or tuba (Derris sp.) in 
the Malay archipelago, and timbv or cube (Lonclwcarpus sp.) in Central and South 
America. were used for centuries by the natives as fish poison or to poison arrows or 
spearheads. About I 00 yl!ars ago, the Chinese in Singapore used tuba root as an insecticide. 
The hioactive component isolated from Derris chint'llsis was called ro1e11 in Formosa. Being 
a ketone, it v.as named rotenone. The commercially important species D. elliptica and D. 
mulaccemis contain -l-5~( rotenone; Lonclzocarpus uci/i.5 and L. urucu contain 8-IO~'c 
rotenone in dried roots. The plants are allowed to grow for 2 to 3 years before they are 
uprooted. The root:-., averaging ahout I kg each, are washed, cut. dried. and processed. A 
few Tephrosia ::-.pecies are rich in rotenoid::-.. 

Roten<1ne dusts. dispersible powders, and sprays have been used in crop and health 
protection, and against household pests. The mammalian toxicity is low. Crystalline 
rotenone is used for mothproofing. Rotenone act~ as a slow contact insecticide and as a 
stomach poison. The toxic principab deteriorate rapidly in sunlight and air. The complex 
structure of rotenone precludes commercial synthesis, hut simpler, more co~t-effective 
analogs can possibly be developed in the future. 

Pyrethrum 
Pyrethrum is derived from dried flower heads of Chf}'Santhemwn cinerari.iefvlium (As
teraceae), which is native to Yugoslavia and Albania. Pyrethrum is a safe insecticide that 
has heen useJ to control insects in the Middle East since ancient times. In the 19th century, 
it was introduced in Europe, the United States, Japan, East Africa, and South America. 
The commer..:ial importance of pyrethrum declined with the popularity of DDT, but as 
insects hecame resistant to DDT and other insecticides, and the hazards of their continued 
use wen: recognised, the demand for pyrethrum ruse again. 

Worldwide annual production of pyrethrum averages 30,000 t. Kenya is the largest 
producer of high 4uality pyrethrnm in the world. The United Republic of Tanzania. 
RwanJa, Zaire, Japan, and India also produce pyrethrum. 

Casida ( 1973) has reviewed pyrethrum as a safe insecticide. The insecticidal princi
pals in pyrethrum extract compri~c pyrethrins I and II. cinercrins I and II, and jasmolins I 
and II. Pyrt.:thrin I is the most pot~nt. ln!'iect susceptibility to pyrethrum is due to high 
cuticular perme<1hility and a..:rion on the central nervous system. Their activity is markedly 
enhanccJ hy pipcronyl hutoxide. Pyrethrum products containing O.OJ to 0.1 % pyrethrins 
and 5 w 10 times as much synergists are applied a!'! oil- or water-based sprays. Dusts are 
made hy mixing pyrethrurn extracts with clay or talc carriers, hut deteriorate rapidly. 
Pyrcthrum-hased insecticides are used mainly against household insects, flies pestering 
livestock or cattle, stored grain insects in mills and w"rchouses, pests of vegetable and fruit 
crops. and against forest defoliators. 
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Pyrethrins do not affect certain natural enemies of pests. They are nonpersistent and 
effects are short-lived. Pyrethrum does not harm bees, birds. fish, and warm-hloo<led 
animals. Pyrethrin resistance has been recorded in cockroaches, bedbugs. houseflies, cattle 
ticks. and hody lice. but these species are also resistant to common synthetic insecticides. 

The uses of natural pyrethrins are restricted by their high costs and instability under 
field conditions. Several synthetic analogs, called pyre!hroids or synthetic pyrethroids 
(Elliott 1977), are now available that possess the desirt·d properties of higher toxicity to 
pesis, lower cost, reduced mammalian toxicity. and greatci stability. Their greater insec
ticidal activity. permitting fewer treatments at lower doses, confers advantage over conve n
tional pesticides. Allethrin, deltamethrin, permethrin, cypermethrin, and bioallethrin are 
some of the popular synthetic pyrethroids. 

Other tropical plants with insecticidal properties 

Custard-apple. The dried seeds of Annona spp. (Annonaceae) have long been used 
as an insecticide throughout many tropical countries. The insecticidal property is attributeq 
to annonine. a benzylisoquinoline alkaloid. Annona extracts act both as a contact and a 
stomach poison to insects. Annonaceae comprises about 2000 species of tropical and 
subtropical trees and shrubs which produce highly bioactive annonaceous acetogenins 
(Rupprecht et al. 1990). 

Neem and chinaberry. Centuries before synthetic insecticides became available. 
farmers in the Indian sub-continent protected crops with natural repellents in the fruits and 
leaves of Neem Azadirachta indica. The potential of natural insecticides from neem and 
other tropical plants has been reviewed (Schmutterer et al. 1981, Schmutterer & Ascher 
1984, 1987 Amason et al. 1989). 

The active principles in neem have been identified as limonoids, a group of stereoc
hemically homogeneous tetranortriterpenoids. The most important bioactive principal is 
azadirachtin, although more than 50 metabolites have been identified, and more are being 
added to the list. Besides azadirachtin, meliantriol, and salannin are also feeding deterrents 
(Henderson et al. 1964). 

In spite of high selectivity, neem affects more than 200 insect pest species belonging 
to Coleoptera, Diptera, Heteroptera, Homoptera, Hymenoptera. Lepidoptera, and Or
thoptera, also some species of mites, and nematodes (Saxena 1989, Schmutterer 1990). In 
general, insects feed less, grow poorly, and lay fewer eggs on plants treated with neem oil, 
cake, or extracts. Predators are not very sensitive to neem derivatives and emergence of 
parasites is not much affected (Saxena et al. 198 l, Schmutterer et <11. 1983). 

Azadirachtin acts principally as an insect ecdysis inhibitor. Neem compounds also 
affect insects in other important ways, such as antagonism towards pest endosymhionts, 
partial sterilization, disruption of pest mating behaviour, oviposition deterrence, and 
reduced hatchability of insect eggs (Saxena 1989). 

The effects of neem derivatives on stored grain insects have been reviewed in depth 
(Saxena et al. 1989). Dried neem leaves, seed kernel powder, cake, oil, and others when 
mixed with grains in storage, not only protect them from damage, hut also inhihit insect 
growth and development. This was confirmed in warehouse trials conducted in the 
Philippines where paddy rice mixed with neem derivatives suffered little pest damage even 
after 6 months of storage (G. Jilani & R. C. Saxena. IRRI, unpublished information). 

Neem also affects mosquitoes; larvae die as intermediates during imaginal develop
ment (Zehitz 1987). 
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Neem derivatives have been used against various storage pests and crop pests either 
singly or in sdected combination with other nonedihk oils. insecticides. and synergistic 
compounds. Resistance to neem products has not been observed. 

In field trials, neem derivatives were promising against several rice insect pests and 
virus diseases transmitted hy them (Saxena, 1987). Neem as a seed treatment for rice 
before sowing produced vigorous seedlings that resisted the development of homopterous 
pests (Abdul Kareem et al. 1989). 

The chinaberry trees Melia a::adarach and Melia toosendan also occur in mud1 the 
same areas as neem. Several of the limonoids in chinaberry seeds are common to neem 
seed, except azadirachtin. Another triterpenoid, toosandnin. occurs in chinaherry bark 
(Shin-Foon 1989). Chinaberry seed oil and extracts are repellent and toxic to insects. 
Unlike neem, chinaberry"has limited scope for development as a natural insecticide: fruits 
do not drop off when ripe, making seed collection laborious; seeds are stone hard. kernel 
size is small. and oil and extracts are toxic to warmblooded animals. However, the 
fast-growing, insect resistant tree is valued for timber. 

Other nonedible seed oils. Several other tropical trees produce nonedible oil seeds. 
For example. India alone has more than 150 species of forest and roadside trees that 
produce highly odoriferous nonedible oils which are unfit for use without proces~ing. 
Nevertheles!'I, they contain valuable active principals and chemical components reputedly 
useful as medicines and pesticides. 'Mahua' Maduca longifolia var. lutifolia, 'Karanj' 
(Indian beech) Pongamia glahm. and 'pinnai' (Alexandrian laurel) Calophyllum inophyllum 
are widespread in India and are sources of considerable quantities of 110nedible oils. These 
oils are used mainly for illumination, low grade soaps and detergents. Only recently has 
their insecl control potential been examined. (Mariappan et al. 1988). 

Photoacth·ated Biocides from Plants 
Some species of plants proJuce "photosensitizers" or phototoxins (Downum 1986). The 
metaholites are unique ir. that they hecome toxic in the presence of sunlight, being activated 
particularly hy the UV A region of the spectrum. Such "solar-powered" defense agents may 
discourage insect attack. They comprise diverse groups of natural products. Memhers of 
Asteraceae and Rutaceae possess the widest range of phototoxic compounds. Their 
potential for insect control has not much been exploited. 

Insect Resistant Crop Plants 
Resistant varieties of !'iome cultivated crops also possess chemicals that repel or affect insect 
pests. Toxins that act directly Pn insects can provide models for developing future insec
ticides. For instance, TKMn, a resistant rice variety from India contains n-pentadecanal 
that affects the development of rice stem borer larvae and deters moths from egg-laying. 

INSECT-BASEi> INSECTICIDES 

Muny internctions between insect species, prey and natural enemies, and between sexes of 
insect species ure chemically mediated. Also, insect behaviour, physiology. growth and 
maturation processes arc regulate<.! ':hemically hy insect hormones. 
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ln~ect Venom~ and Defense Secretions 
A number of :-.corpiuns and spiders. and insects such as Hemiptera, Diptera, Coleoptera, 
anJ c!spccially Hymenoptera. produce venoms or toxic secretions for self-defense against 
predators. Venoms anJ toxic secretions are some of the must pest-specific, most potent, 
and rhe fastest acting insecticides. These toxicants are efkctive only upon injection, and 
so find little use in insect control. 

Insect Growth Regulators (IGR) 
Though slow in action, IGRs selectively and specifically affect the growth, development, 
and maturation processes of insects. Their short environmental persistence, low toxicity to 
vertebrates, and other attrihutes make them potentially useful alternatives to common 
insecticide:;. However, their effectiveness depends on synchrony with certain metabolic 
events in insect life in which the absence or presence of the growth regulator is critical for 
normal lievdopment. Four groups of IGRs based on hormonal processes are known: 
molting hormones, anti-molting hormones juvenile hormones, and anti-juvenile hor
mones. 
Molting hormones. These steroid hormones, found in insects and crustaceans, regulate 
molting, growth, and maturation patterns (Watkinson & Clarke 1973). Any disruption in 
their metabolism would affect the insect's comrol of its own hormonal system. Molting 
hormones include ecdysone, ecdysterone, and other ecdys!eroids. They are derived from 
cholesterol (still retaining its C27 carbon skeleton). Although certain plants are rich in 
phytoecdysones, their extraction for insect control would not be economical unless highly 
effective. Also, steroidal insecticides would require careful testing for possible side effects, 
including affects on crustaceans. Consequently, molting hormones have low potential as 
control agents. 

Anti-moltin1! hormones. Some chemical antagonists for molting hormones have been 
identified (Staal 1976), but their use is still experimental. Certain azasterols and even 
non-steroidal secondary and tertiary amines disrupt the development of phytophagous 
insects that depend on dietary sitosterol for their cholesterol needs (Robbins et al. 1975 ). 
Such compounds may also interfere with steroid metabolism in higher animals. The high 
costs of azasterols limits any agricultural use; simpler antagonists may have some insect 
control potential. 

Juvenile hormones. Insect juvenile hormone (JH) was described by V. B. Wigglesworth in 
1935 a!'. a metamorphosis regulating secretion of corpus allatum. In 1956, C. M. Williams 
suggested the possible use of JH to upset normal growth of insects. In 196 7, Williams 
proposed JH-active substances as powerful "third generation pesticides" to which the pests 
may not he able to develop resistance. 

Being terpcnoidal in nature, exogenously applied JH can easily penetrate the insect 
cuticle and affe<.:t the target tissue. Four differentJH (JH-0, JH 1, JH2, andJI-13), occurring 
naturally, singly or in combination, in different species, have been identified (Richards 
1981). The number of carbon atoms ranges from 19 for JH·O, 18 for JHl, 17 and 16 for 
JH2 and JJ-B respectively. The use of natural JH for insect control is not feasible due to 
reasons of instability, however, several highly active substituted aromatic terpenoid esters 
have been synthesized. That started the era of juvenile hormone analogs (JHA) with higher 
specific a<.:tivity, greater stability, lower manufacturing costs, and enhanced selectivity 
(Staul 1976). The basic mode of action of JHA appears identical to that of exogenously 
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applied HI. affecting metamorphosis. and causing emhryonic inhibition. chemosteriliza
tion. and diapause disruption. Their systemic activity in plants has not heen fully exploited. 

Methoprene or AltosidR. a promising JH compound, effectively controlled OP-resis
tant strains of floodwater mosquito A.cdes nigmmaculatm larvae, which develop synchron
ously. Slow-release microencapsulated formulations ha,·e been found to he effective 
against Cu/ex tt1r.wlis and Culisita i11omaca. which develop asynchronously. and several 
OP-resistant aquatic midges. Methoprene is not hazardous to fish. Methoprene has also 
been used in fly control in various ways and against some stored grain pests. Insensitivity 
of some species of grain weevils limits the potential of methoprene and other JH com
poum.is for stored grain protection. 

A few IGRs. such as kinoprene. are highly active against aphids, mealy hugs, scales 
and whitdlies. particularly on foliage ornamentals grown in greenhouses (Stall 1977). Low 
persistence of some IGRs in the field can be compensated to some extent hy frequent 
applications and improved formulations. Epofenonane. an improved JHA with high 
activity and foliar persistence, is highly effective against insecticide-resistant scale insects 
(Stall 1977). It is also compatible with biocontrol agents. But the high cost is a constraint 
and prohibits their use in developing Asian countries. 

Anti-jun.~nile hormones. Bowers et al. ( 1970) discovered two anti-JH (AJH) compounds, 
called 'precocenes I and 2' from extracts of the bedding plant Ageratum housconianum. 
Contact with precocenes induced immature Oncopeltus fusciatus and Dysdercus bugs to skip 
succet:ding instars and develop into tiny sterile female or male 'adultoids'. Bowers ( 1984) 
called JH-antagonists 'fourth generation pesticides.' The precocenes can readily enter the 
insect system, and penetrate into corpora allata which they destroy, thereby preventing 
biosynthesis of juvenile hormones. Although precocenes evoked much interest initially, 
they did not find practical applications due to high and narrow dose requirements and 
toxicity to vertebrates. 

MICROBIAL INSECTICIDES 

Arthropods. including insects, arc allacked by more than 1000 pathogens, comprising 
bacteria. viru•.es. fungi. nematodes. and protozoa (NAS 1979). Microbial insecticides. 
comprising these microorganisms or the chemicals produced hy them, have received more 
anention as a biological resource for developing environmentally rational insecticides 
(Burges & Hussey 1981, Kirschbaum 1985). 

Bacteria 
The spore-forming bacterium. Rucillm popillicw (the caLJsativc organism of milky diseases 
in scarabacid hectics) and Bacillus. thuringiemis (the crystal-forming bacteria that infect 
lepidoptaous pcsb) huve been developed as microbial insecticides. Some urea-forming 
strains of Racillm sphuericus arc also being considered for the control of mosquito larvae. 

Dutky ( 1940) first described milky diseases in the Japanese beetles. The insecticide 
'Japo<lemic' or 'Doom' comprising spores of 8. popilliae, is still used for grub control in 
lawns and golf greens in the United States. Production of milky disease spores is somewhat 
expensive because of specificity of the bacterium isolates and the cultural requirement~ of 
living grubs. With advances in cell and tissue culture techniques, it should be possible to 
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produce spores economically in culture media. 
8. tlmringiensis (.I:!!.) was first isolated in diseased larvae of the flour moth An,1g,lst,1 

kuhniel/a in 1915. It is a complex species comprising more than 20 H-serot~pes. These 
serotypes produce spores that contain ,d-exotoxin and J-endotoxin which are used in 
agriculture. The p-exotoxin is a potent broad- spectrum insecticide. but its teratogenicity 
and possible mutagenicity in insects precludes its use in most countries. 

The ~-endotoxin or the 'crystal' is highly valuable in the_control of caterpillars and 
larvae of mosquitoes. aquatic midges. and black flies. Fast ( 1981) reviewed the biogenesis. 
chemistry, and mode of action of the crystal toxin. Once eaten by insects. the crystal causes 
gut par<&lysi~. Genetic manipulation may further enhance the toxicity and the host range 
of Bt. The bacterium is produced by fermentation on semisolid or liquid medium and its 
products are sold under varied trade names. Production methods have been simplified for 
use at commune level in China (Hussey & Tinsley 1981). Efforts are undt!rway in otht>r 
countries for producing the bacterium. 

The efficacy of Bt can be enhanct!d with aJjuvants. such as 0.1 q whole egg homoge
nate. 0.5t:;·£- whole milk, or 5t:;'c neem seed kernel extract (DBT 1989). The spectrum of .Bl 
activity can also be increased by hybridizing the strains with desired host range. Huwever, 
concern has been expressed that certain non target species of Lepidoptera may be ecologi
cally "at risk" in large- scale pest control programs based on_fu (Miller 1990). 

Viruses 
Several baculoviruses. cytoplasmic polyhedrosis virust!s (CPV). entomopoxyvirust!s, irido
viruses, densoviruses, and small RNA viruses cause diseases in insects. Only baculoviruses, 
particularly the nuclear polyhedrosis (NPV) and one CPV, have been developed as viral 
insecticides. The NPVs invade the larval mid-gut epithelium and have heen used in the 
control of Heliochis, Lymantria. Neodiprion. Triclwplusia, and a few other pests. The NPV 
of Helioclzis ('Eclar' and 'Biotrol-VHZ') was the first viral insecticide used on cotton in the 
United States. 

A baculovirus of the rhinoceros beetle Orycces rhinoceros has been used extensively 
in pest control in Southeast Asia and the South Pacific (Bedford 1981 ). The virus is spread 
by releasing infected beetles in tht! wild beetle population. A CPV that caused tlacherie 
disease of the pine caterpillar Dendrolimus has been registered for use as an insecticide in 
Japan (Katagiri 1981). 

The cultural requirements for live hosts limits the production of viral inst:cticidcs and 
renders the system vulnerable to contamination. In i·icro production of insect viruses in 
cells may overcome these problems. Persistence of viral insecticides may be improved with 
sunshiekls. Although insect viruses are safe! to vertebrates, caution in their use for insect 
control will have to be observed as mass production of viruses may entail possible devel
opment of deleterious mutations which cauld sl!rvive in nature and affect nontarget insect 
species. 

Fungi 
Entomogenous fungi have attracted mu<.·h attention because of their ability to decimate 
pt!st populations, especially during epizootics. As many as 750 fungi are associated with 
insects (NAS 1979); the important ones are: Bcuureria, /'vfeturhi:ium, Venicillium, lfir.m
tellu, and Nomuraea. Environmental safety cf insect fungi, particularly allergic reactions 
caused Lluring production or use in dust form and suspected production of mycotoxins are 
matters of concern. But the important insect fungi have heen found to he environmentally 
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acceptable (Shadduck et al. 1982). 
&aun,ria bu~siww has heen mass produced in China and the USSR for the control 

of tht' European corn horer and the Colorado potato beetle. respectively. In Brazil, 
Aletarhbum anisop!iae is produced commercially for tht: control of spittle hugs on forage 
and sugarcane (Ferron 1981 ). Although not yet commercialized in India, the fungus has 
been tried successfully for the control of Pyrilla in sugarcane fields (DBT 1989). In the 
USA. lfirsutella tlwmpsonii is used commercially to control the citrus rust mite (McCoy 
1972). Control of mosquito larvae by Culicinomyces, Lagcnidium. and Codomyces has 
shown promise in Australia and America (Federici 1981 ). Some insect fungi produce 
metabolites highly toxic to insects, but their insect control potential has not been explored. 
In general, most work has been done on temperate or subtropical insect fungi. Research 
on identification of suitable tropical strains and standarization of procedures for commer
cial production is urgently needed to exploit their potential for insect control. 

Genetic manipulation for modifying the virulence is expected to enhance the use of 
insect fungi. Also improved production techniques to prolong shelf life, and formulations 
containing nutrients and alginates need to be tested. Likewise, appropriate application 
methodology needs to be developed for efficient insect control using fungi. 

Nematodes 
Several species of mermithid, sphaerularid, and neoaplectanid nema!odes parasitize insect 
pests in soil or aquatic habitats and even on low-growing plants (Nickle 1981 ). The 
mosquito mermithid Romanomennis rnlicirorai: has been reared on Cu/ex pipiem tfui1u1ue
fusciaws larvae at a cost of $10/ Hl' preparasites. It was promising in small to large-scale 
field trials and has been produced commerically. Other nematodes tolerant to salinity, 
desiccation, pollution, and suited to mosquito breeding places are being developed. Mer
mithid parasitization of rice leafhoppers and planthoppers has been recorded in Japan and 
India. hut not exploited for pest control. Improved culture methods, and better storage 
techniques would help in reducing production costs and maintaining infectivity. The use 
of formulations with antidesiccants enhances the infection period of neoaplectanid nema
todes (MacVean et al. 1982). Better knowledge of host and parasite biology and physio
logical interactions should facilitate greater use of nematodes for pest control in Asia. 

Protozoa 
Potential of lVoscma and Vairimorpha has hcen considered for insect control. Large-scale 
field trials with Nosema locustue were potentially useful in integrated programmes of 
rangeland grasshopper munagP.rnent in the Unites States of America. The microsporidian 
spores need to he mass produced in living hosts and stockpiled for large-scale and blanket 
treatment. Cell culture techniques may make production economical. Although N. locus· 
tae arc considered safe, they need to he tested against grasshopper predators and parasit1.:s. 
Their potential for inseci control in developing countries of Asia is low at present. 

Vairimorpha m:catrix is highly pathogenic to a wide range of lepidopterous pesh, hut 
docs not affect hymenopterous parasites and other insects (Maddox ct al. 1981 ). The spores 
are sensitive to 'iUnlight and UV radiation, therefore use of baits or carriers should he mor~ 
effective in field applications. Rickettsiae also infect insects, hut pathogenicity to warm
blooded organisms renders their use unlikely. On the whole, little scope exists for the us~ 
of protowa for insect control in Asia. 
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FUTURE CONSIDERATI01'S AND CONCLUSIONS 

Until now the control of agricultural pests and disease vectors has largely depended on the 
use of toxic. non-select:ve, synthetic insecticides. While the use of such chemicals cannot 
be totally avoided to avert crop losses or reduce risk to public and animal health, the 
naturally occurring bioactive pest control agents can be exploited to decrease our depend
ence on toxic insecticidi!s. A large assemblage of botanical, microbial, and insect-based 
insecticides are available today to substitute for and reduce the dependency on synthetic, 
broad-spectrum insecticides. The selectivity of natural pest control agents or their bioac
tive products makes them valuable in integrated pest control. Examples of their successful 
use against insect pests have demonstrated their potential for development as future 
generation pesticides that are pest effective, nontoxic to humans and beneficial organisms, 
biodegradable, less prone tu development of insecticide resistance, and are less expensive. 
H:>wever, production methods, formulations, and method and timing of application are 
more critical in the development and use of natural pesticid~s than of conventional 
pesticides. 

The cos rs of petrole•:m-based insecticides has been increasing steadily. Their import
ation is a substantial drain on the meagre foreign exchange reserves of developing econ
omies in Asia. This burden can be reduced if insecticides can be derived from locally grown 
plants. The technology need not be very sophisticated in order to be practical and effective. 
However, systematically accelerating the research and development of botanical insec
ticides at all levels will have a greater payoff. Farmers can make direct use of locally 
available known pesticidal plant material in developing cmrntries, while the industry in 
advanced countries can conduct research on analysis, synthesis, and development of 
principal constituents. As plants are the richest source of organic metabolites on earth, the 
chances of discovering new chemicals with desirable bioactivity from them are greater than 
the serendipitous discovery of a novel chemical during the routine screening of synthetic 
compounds. Many potent chemicals have been discovered in plants which were not even 
thought to possess defense chemicals. For instance, an effective rice stem borer ovipositon 
deterrent was isolated from a rice variety TKM6' and identified as pentadecanal. Efforts 
are underway to synthesize and evaluate the novel chemical. On the other hand, several 
neem-hased insecticides have heen d1;~veloped directly from neem oil or from enriched 
extracts. Trees as perennial ·sources of raw material for insecticide development have a 
distinct advantage over insecticidal plants that haYe to he cultivated seasonally or annually 
as crops. Besides providing large quantities of insecticidal material, they have multiple 
other uses, and can aid in rehahilitating degraded and denuded lands - a common scenario 
in many developing countries. It is hearten in~ to see that large-scale planting of insecticidal 
trees, such as neem, is taking place not only in Asia, but also in Africa, the Middle East, 
and Litin America. Tree planting and collection of raw material for insecticide develop
ment will also generate opportunities for employment and additional income. 

The chances of insect pests developing resistance to plant-derived insecticides com
prising a complex array of chemicals are lower than with ordinary insecticides hased on 
single active ingredients. Plant-based insecticides can further he fortified against dynamic 
inst.'Ct pests hy optimizing their use with microhials, such as fu, NPV, entomophagous 
pathogens, synthetic insecticides, or plant derivatives. 

The potential of microhial insecticides is also considerahle. Many of them have 
already hccn developed commerically and their use appears to he increasing as a compo-
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nent in pest management programs. Pathogens in use have a dean safety record. In 
contrast to chemicals. when produced according to standardized procedures. they are 
virtually at·cident proof. Some of the insect pathogens are already being mass produced in 
developing countries using relatively simple technology. Biotechnological advances will 
help in developing superior insect pathogens amenable to mass production using cell and 
tissue culture techniques. Modern techniques of cellular and molecular biology have also 
been used for cloning Bt gene and introducing it into crop plants through transformation 
tethniques. for control of lepidopterous pests. The tremendous heterogeneity of insect 
pathogens belonging to diverse plant and animal phyla. and variation within the species. 
make identification difficult. Proper identification is essential to avoid contamination in 
mass production of pathogens. Also a better understanding is required of their pathoge
nicitv and the nature and mode of action of their toxins. 

The insect based pesticides will he used against insect pests mainly as growth-disrupt
ing agents. While some JHA have shown potential in the control of insect pests affecting 
public and animal health and stored products. their potential for crop protection will 
remain limited. particularly in developing countries. Also their high costs will restrict use 
for pest control in A-;ia. Neuroendocrinological research in advanced research centers may 
lead to some more novel approaches to pest control. 

Insect control in the 2 Ist century looks promising. as it will he based on ecologically 
sensible and chemically no\·el approaches. 
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Since the discovery of nicotine, pyrethroids and rotenoids as insecticides several thousand 
species of higher plants have been screened by many researchers for insecticidal activity. 
Today over 2000 species of plants are known to possess some specificity for target organisms 
and increased safety for non-target organisms when compared with neurototoxic action of 
conventional insecticides. The major part of the paper is concerned with some research of 
plant products carried out in our laboratory on Rhododendron mu/le, Wihtroemia indica, 
Dictamnu.\· dasycarpus and Tephrosia rngelii. To our knowledge no report exists on these 
species as having insecticidal properties. It is hoped to find the bioactive components in 
these plants through the standard stepwise procedures and to characterize the biologically 
active components. The paper discusses the future potential of naturally occurring insec
ticides. 

INTRODUCTION 

Today in China there is an increased inrerest in the discovery of new means and chemicals 
for control of insect pests. It is clear that conventional synthetic insecticides are not entirely 
adequate for the needs of our country. Largescale investigations of insecticidal plants have 
received i:onsiderahle attention in recent years. There is continuing research for natural 
materials that affect insects in a mannei that might he useful in pest control. In many 
instances plants have heen used as folk remedies in China [I, 2, 3]. 

The major scientific emphasis of our study is the isolation, purification chemical 
identitication, hioassay and the mode of action of the natural products in several plants 
which were chosen hecause of their ahundance and the lack oi detailed research on these 
plant-;, especially the native species. 
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BOTANICAL ORIGIN AND TEST INSECTS 

Some natural products from plant origin have already served as progenitors to commercial 
insectici<les. Our research uses a bioassay-gui<le<l fractionation of the extracts from seven 
species of plants. There are -

I. F.lwdudendron 
2. Wikstruemiu imlirn 
3. Dictt1mnus Jasycarpus 
4. Tephmsiu mgelii 
5. Amorplw fruticustl 
b. Ajuga niputzensis 
7. Plumbago :::eylamca. 

In order to detect t~e presence of bioactive components in these plants, six species 
of insect~ were used to follow sequentially the various steps of the isolation procedures. 
The test insects were: 

I. .., 
3. 
4. 
5. 
6. 

Chilo .mppressa/i.'i (Rice stem borer) 
Nilapuri-ata lugell.'i (Brown plant hopper) 
~(~1/zimna separata (Armyworm) 
O'itriniafumacalis (Ao;iatic corn borer) 
Pieri.'i rapae (Cabbage worm) 
Pmdeniu /itura (Cotton leafworm). 

BIOASSA Y METHOD 

The hioa:;say methods of topical application, artificial diet, and leaf-disc method have been 
described previously by the South China Agricultural University. 

Electrophysiological method 
Physiological <lata from phytophagous insects stimulated by plant :"lubstances have become 
available in the last decade. A correlated electrophysiological study demonstrated that a 
chemoreceptive cell in the maxillary sense organs responds to sucrose. The sugar receptors 
were quite sensitive. The mouthparts of c.iterpillars arc amply supplied hy tactile receptors 
[4]. We have used the tip-recording technique to detect antift!edant activity. Glass 
pipettes, filld with stimulating chernicab of known concentration:-.. were employed as the 
stimulatory recording dectro<le. Tht!y were placed in contact "ith the tips of semil/wn 
.wyloconicum of arrnyworm and corn horer larvae. The nerve action caused high frequen
.:ies of spikes to he recorded. (Figure I). 
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RESULTS AND DISCUSSIO~ 

I. The disconry of rhodojaponin from the Dowers and leans of Rhododendron mo/le 
Fractions were tested against the rice stem horer and armyworm to guide the fractionation 
and purification scheme. (Figures 2 and 3). 

Three active fractions were obtained. The identification of the chemical structures 
of these components are shown in Figure 4. All of these compounds are from in the same 
chemical class. 

The crude extract FC from flowers of R. mo/le was identifieJ as containing R - Ill, 
R - II and R - V. FC-2.2 was identified as R - Ill. Fractions C-1, C-2 and C-3 from the 
leaves were identified as R - V, R - II, R - III respectively. 

The cruJe extract FC, and FA and FB have distinct antifee<lant effect on the larvae 
of i\~whimnu sepumtu, Prodeniu litura, Pieri'I rupue and Ni/upun-uttl lugens (<iee Table l, 2 
and 3). 

The mbde of action 
Rho<lojaponin Ill (R -Ill) was more active against Chilo supprc.'isulis, exhibiting strong 
contact insecticidal action. The LCso was 451 ppm on the 3th instar larvae after 48 hours. 
R - Ill was found to be a growth inhibiwr \\hen incorporated into artificial diet and fed to 
larvae of Ostriniufumuculis. It also showed antifeedant activity against larvae of Mythimnu 
scparuttl, ProJenia lituru. Pieris rapue and Nilt1pan·ata /ugens. 

The symptoms and mechanism of rho<lojaponin were similar to neurutoxin. The 
results of electrophysiological studies showed that R - Ill inhibits the sugar receptors after 
5 minutes on the larvae of ,\Jythimna sepuratu. 

2. Rotenone and its analogs which were obtainec. from Tephro.\iu mgelii and Amorphu 
fnttlCU.'itl 

The insecticidal efficiency of Derri.\· has a long history of use in China. Several groups of 
compounds have heen isolated from various specieis of Derris. The fact, that rotenone is 
active as a contact and stomach poison against insects has been well documented. The 
bioactive constituents isolated and identified in these two species of plants were rote none 
and an analog. (Figure 5). 

The sugar receptor of Al. sepurata larvae exhibited a considerably reduced sensitivity, 
after only 10 minutes. The sugar potential was inhihitc:<l very 4ui1.:kly. (Figure h). 

Similarly rotenone and its analog (AMF) wc:re found to he m1>re potent to 1"1 . .'ieparatll 
in no chob! kaf disk hioassays with AFC:;o heing 20.4 ppm and 21.l respectively. Such 
efficicn<.J' is of interest since the concentration is over 10 times I<)\\ er than that needed for 
contact application. 

3. Fractionation of Dictamnm da~ycarpus 
Compound isolation from roots of D. daycarpm is shown in Figure 7. Nine active 
compounds were obtained and the following 3 identified: dictamin (C2). ohacunon (C:;). 
limonin (C7). 

The sugar receptors of;\,/ . .'iepuratt1 larvae showed a considi:rahk reduction insensi
tivity when they were exposed to C2. ('5 •md C1. 
The ohserwd responses of sugar potential were very inhihitcd after 5-10 minutes for C2 
and 50-55 minutes for ('5. Though C:! or C:; do not st.:cm to interact instantaneously with 
sugar reception, hut exert a long lasting after effect. This result compares well with the 



190 

anufeedant activity in the leaf disk bioassay. C2 was more active than Cs and C1. See Figure 
8. 

TABLE i 
Bioactives of some componems of Rhododendron mo/le following separation 

Insect 

Army worm 
(Mythimna separalu) 

Rice s£em horer 
(Chilo suppressalis) 

1 Antifeedi ng ratio 

Antifeeding ratio%1 

FA 71.5 FC-21 86.0 
FB 4S. l FC-1 53.0 
FC 90.0 ... FC-2 945 ... FC-22 93.0 
f-0 54.2 FC-3 29.2 

FC-23 27.0 

Mortalilyo/£ 
FAO FC-21 90 
FC 30.0 FC-1 5.0 
FC 90.0 ... FC-2 100 ... FC-22 100 
FD 0 FC-3 5.0" 

FC-23 95.0 

= (Area consumed by untreated) - (Area con:-.umed by treated) 
-------------------- x 100 

Area consumed by umrea1ed 

TABLE2 
Effects of some componems from flower extracts of R. mo/le as antifeedants against the 

5th nymph of brown planthopper 

Crude 
extracts 

FA l~lc 

FC IC:c 

FB l~c 

Ave. area mm/nymph 

0.96 

0.58 

11.32 

Contro! 19.58 

Antifeeding ratio% 

95 

97 

64 

1 Antifccding ratio (A.R)'lc AFCso - median anufeedant concentration 

AFCso1 

0.25 

0.27 
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TABLE3 
Antifeeding ratio for some components in the flowers extract of R. molle tested on two 

cabbage worms 

Crude 
extracts 

FA 1 

FB I C:1c 

FC ll}i 

Control 

Pieris rupae 
., 1 

cm-/larva A.R.l/'c 

0.73 94.5 

0.44 96.7 

13.36 

1 . ., 
leaf area eaten (cm-/larva) 

Prodenia liwra 
C :!/} 1 ,'\ R CJ. m arv-. ·'"'· . ,c 

1.16 l)()_l 

3.30 71.l 

0.77 93.5 

11.53 

4. A number of "plumbagin" have thus far been isolated from the Pwnbago sp. (5) as a 
model for insect ecdysis inhibition. We have isolated and purified plumbagin from the 
leaves of P. zeylanica and syi.thesized the chemical with the aim of testing the mode of 
action in different insects. 

CONCLUSION 

1. Biologically active chemicals occurring naturally are largely unidentified in China. 
We have isolated and identified over 20 antifeedant compounds from seven species 
of plants. Just as Copping (6) has pointed out that 'This vast supply of uncharacterized 
and untested new chemicals must surely be the starting point for a novel product, a 
new synthesis lead or a n~w useful mode of action". 

2. A careful choice of experimental technique is important, sine\! the traditional bioassay 
methods have to be improved for antifeedant studies. Elcctrophysiological tech
niques require limited numbers of test insects and small quantities of chemicals, and 
the tests can be done in a short time. This method is very ~onvenient and efficient 
[7]. Progress in the study of natural products are largely dependent on reliahle 
bioassay techniques. Many wo1kers have tried to fulfil thi~ requirement, but many 
points remain to he improved. 

3. Efforts towards the cJiscovery of safer types of ideal botanical pest control agents 
require collaborntive efforts between chemists and hiologist!'t [8). In China there are 
very rich sources of plants. International cooperation and coordination is very 
important in the implementation of botanical pest control projects. 
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Figure 1. Diagrammatic illustration of the experimental arrangement for the tip recording 
technique 
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Figure 2. The isolation of the crude extracts from flowers R 
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Figure 3. The isolation of the crude extracts from leaves of R. mo/le 
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Figure 4. Chemical structures of rhodojaponin II, III and V. 

Figure 5. Chemical structure of rotenone and its analog (AMF) 
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Before the advent of synthetic insecticides, botanical pesticides such as pyrethrins, rote
none, nicotine, veratrnm alkaloids and quassin were used. The paper reviews the various 
natural products that show biological activity and their future potential in Pakistan is 
discussed. 

Prolonged use of synthetic insecticides proved to be ecologically deleterious and has led 
to insect resistance. Consequently, natural products are again of interest as pesticides. 
Monographs such as "Insecticides of Plant Origin" by American Chemical Society. 1989 [I], 
"Biologically Active Natural Products-potential use in Agriculture" by American Chemical 
Society, 1988 [2] "Natural pesticides from the Neem tree and other topical plants" hy GTZ, 
1984 [3] and "Handbook of Plants with pest-control properties" hy Grainge and Ahaned, 
1988 (4] during the last few years indicate intense research activity in the field. Grainge 
and Ahmed (4) list.JI plants as "Cream of the Crop" and the chemistry of some of these 
is briefly described here, by family (Table I) 

Ju.'iticia "dhur0Je1 and related species of the Acanthaceae have yielded justicidins A -
E. Justicidin B (I) has shown piscicidal activity [5). The related lignin p:>dophyllotoxin (II) 
has shown high insecticidal activity [6). Annona S</L1<1mo.m has yielded several annonins. a 
new group of a~etogenins, among which bullatacin (Ill) is highly insecticidal ag:.iiil;.;t h~an 
leaf beetle [7}. McLaughlin et ,,/ (8) isolated similar compounds from a number of other 
Annonaceom plants using the Brine shrimp lethality test. This simple bench-top test will 
stimulate much research activity on hioactivc natural products. 

An ethanolic extract of the fruit of A. rcticuluw exerts a juvenilizing effect on st:-!pcd 
cucumber beetle adults (9). This activity might he due tD one or several of the kaurane and 
16-kaurene diterpcnes isolated from the hark of the plant. However. the results of 
McLaughlin cl al PJ. suggest that the activity might he due to annonins. Work on A. 
rC'<:ticulata is in progress to isolate hioactive compounds. Anahotrys lw:wpctalm; may also 
conwin annonin:-.. 
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TABLE 1 
List by family of "Cream of the Crop" plants (4] 

I Acanthaceae 

1. Justicia adhatoda 

II. Annonaceae 

I. Annona reciculala 
2. A. squamosa 
3. Anabotrys hexapetalu.. 

III. Apoc)'anaaae 

1. Haplophyton cimicidum 

l.V. Aruceae 

1. Acorus calamus 

V. Asteraceae 

1. Ageratum conyzoides 
2. Chrysanthemum cineriaef olium 
3. Tagetes erecta 
4. T.palula 

VI. Ce/asteraceae 

I. 
2. 

Tripterygium f orestii 
T. wilf ordii 

VII. Clusiuceae <Gutt{fereae> 

I. Mammea americana 

VIII. Eunhorbiaceae 

I. Aleurites f ordii 
2. Croton tiglium 
3. Ricinus communis 

IX. fabaceae (Leguminoseae) 

1. Arachis hypogaea 
2. Derris elliptica 
3. Mundulea suberosa 
4. Pachyrhizus erosus 
5. Pongamia glabra 
6. Tephrosia virginiana 
7. T. wgelii 

X. Flacourtiaceae 

1. Ryania speciosa 

XI. I.mniaceae 

1. Pogostemon palchouli 

XII. Liliaceae 

1. Schoenocaulon officinalis 
(sabadilla) 

2. Veratrum album 
3. V. viride 

XIII. Meliaceae 

1. Azadirachta indica 
2. Melia azedarach 

XIV. Pjperaceae 

1. Piper nigrnm 
(black pepper) 

The dried leaves of Hap/ophyton cimicidum (Apocyanaceae) yield "Cockroach pow
der", which is effective against flying insects [ 10). A number of indole alkaloids have been 
isolated, such as cimidine (IV). Recent studies on Rhazya stricta in Pakistan have shown 
that the methanol extract had antifeedant activity against Rhyzopertha dominica [ 11] . It 
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2-rncthy l-,:;-(2.-+.5-trimcthmy pheny I l inJcnc from.-l. n1h1111m. without hioa ........ Jy rc .... ulr..... 

Sc:-quitcrpcne ia('tl)ll(':- i:-nlakJ from a r.umhcr of .--hrer,1n·,1e ha\ c pro\·cJ to he 
c\\."cllcm fceJing dctarcm-. for pc:-l in-,ecr.... [ 17J. L nsaturated amide:- from :-nmc specic:
ot the family ha\ e ~ho\\ n -,trong Ian. iciJal •Ktivity again .... t . .\cJcs nHNfUitoe' [ I~ J . . -1,i;tTLlllllll 

homronilmwn ha:- yidded o.7-Jimcthmy-2.2-dimethyl chromene (VIII). \\hich ha-, c\
tremdy high jll\enili1ing a..:ti\ity on se\·era! =-pecies of inse\."t'.'t [ 19J. Little \\llrk ha .... h('<..:11 

reported tlll .·lgaawm eimy:::oidcs \\ hid1 may cnmai 11 '.'timilai ..:ompound-.. Dried tl1m er-, of 
Cl11y\1llltlzt'mum ci11t·r.1ri,1t:f;>fiw11 h;i\ e yiddeJ a mo .... c econlJmically important group of 
n;1tur:1l plant i1becticiJe:-. pyrethrin I (IX). pyrethrin II (X) and rdati\e:- [2llj. From the 
kan:-; of ·r.1gern mi!wr,1. 5-ocimenone ha'.'t heen i..;olateJ. which j..., rc .... pon:-ihle for repcllam 
••'-·ti\ity of the plant oil IO ...tnoplzdcs mo:-4uitoe:-. The oil al:-o pu:-:-e:--;e~ jll\cniliL·ing 
prop..:rtie-. •!gain-,( /)y\tlacll.\ J.:oc11igfi [21 j. f,1g1·tt.•s ffff{ll 4111J 7: fhlfliltl n141Y (Ontain :-imilar 
compmmd:-. 

Th..: p1l\\J..:reJ root hark of li-if'Tt'l\i.;i11111 }i>rt.'\tii 1Cde.,ra11cn11·1 and /: 11·ilji>r,/ii ha, 
bc..:n u .... i:J a~ a garJen irbectidJe in China. Fi\c in .... i:cticidal e .... cer alkaloid ..... 1..·alkd 
\\ilforine. wiltorJint:. \\illorgine. \\ilfonine anJ \\illorzine. h•t\e heen i-.olateJ l)n hHlro
ly-,i .... th..:y yidJ the ~ame polyhydric alcohol. hut Jiffercnt a('iJ .... [22J . . \/.m1me.1 amt·ric,11111 

(C/mi1tfftlC1 ha=- hccn u:-cd a:- a :-.ource of in .... ecticiJe:-.. \lammein (XI) i .... the main 
in,cctidJal principle 12~1 and more th;1r 20 coumarin .... have heen j,oiateJ from the plant 
( 2-+ J. Re1.:ent ly. '.'tUrang.i n C (XII) ha .... he en i .... otateJ from .\/. /011_..:U<>fi,1 an I nJian in .... ec1iciJ;il 
plant [ 25 J. Th..: 'eeJ:- and the oil c\tractcd from Crown r~i.;lium ( Euphorl~iaccat:) arc Jra'.'ttic 
purga!i\c'. The i;o.ol;l!ion and '.'tlrlll:ture du\."iJation of rumour promoting phorhnl-12. 
13-Jic,ter-. (XIII) from Ihe -.eed h) I led.er er ,t/ 12hJ initiJieJ ime1bi\e rc-.earch i11111 thl.' 
pru-intbmatory and tumor-promoting ditcqll.'llc;o. of tl1c fomil) Luphorhiaceal.' •ind J11rnlt'
/c1t<"1'1/I'. \lore r h:111 201) diterpcnr.: .... arc krum n . . -1/curirn Ji ,,-,/ii ha,~ idded I h-h~ dro\~ pl111r
hol e-.rer' 1 \J\') and more recc~ntl~ a c11umarinolignan. 1X\') ha' hcl.'11 i,obted [~71. 
Nici1111\ cc m11111111i, ..:011t;1i n-. 1.:a-.tor oil and a di tcrpe nc c•1-.hene ( \ \ ·1) ha' hecn i-.olatcd from 
an crvy 1111.' prepar;11i11n of the -,eeJling-. [281. 

(>ii of groundnut 1.-lr,u·hi\ h_\pog,1t·,11 1 F.1/J,1n·.w1 i-. r..:porteJ 111 "·nmrol the l'O\\pca 
hl.'etk. \\ hik cotton -.ccJ oil h;1-, compktd~ 1.:ontro:lcd the \k\i..:;.rn bt:an heetk [21>j. 
(iroundnut oil h;1, hl.'t.>11 found to protect 111;1i1c: from Ja111;1gc: hy the ri..:e \\1:r:\ ii _,_ on-:111· 

[ .•111. Rc:"·em l~. ;1 'ti lht.>ne deri\;1t i\ e (\\'II) h;h hcen i .... olateJ from .·I. li_1p1 >,i.:111 "' \\ hi"·h ha-. 
i nhibi ror~ ;.icti\ it~ to lloth -.pore germi n.i! ion <lllJ hy phal l.'\ten-.ion oft he tu ngu:-. . ·hf >1·1gi/111.' 
jl111m. ;1t 1-+.0 and 11..'"!! ml [.'OI. lei-. imere;o.tin~ to poim out !ha! pic1..·a1ann11l (\\"Ill Ii' 
a poll.' Ill inl11hi1or of protc:in-ty ro,ine l-i11;1,c:-. (.' 11. l>nri\ dlipri1·i1 .. \/1111,/11/,·,1 \lll>iri•\•'· 

1'11c/i_rr/ii:m t'llJ\/I\, frpl11mi,11·i1gi•;i,u111 and I: 111g1·/li all 1."1111t;1in rot..:1111111: (\I\). a \\di 
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Pachyrhi=us erosus, Tephrosi1.1 i·irgi11ia11a and T. mgelli all con~ain rotenone (XIX), a well 
known insecticide. which is extremely toxic to fish (32). Seeds and roots of Po11gamiaglabr1.1 
(syn. P. pim1ar1.1) are used as fish poison. More than 40 compounds (33] have been isolated 
from various parts of the plant including furanochalcone (XX). furanotlavone (XXI). 
chromenochalcone (XXll) and chromenotlavcne (XXlll). The pisticidal activity may be 
due to these comµounds. Work is in progress to identify to the piscicidal prindple. Rytlllia 
speciosa ( F/acourtiuceae) was found to have promising activity against assay insects. ll1e 
alkaloid ryanodine (XXIV) is the active principle [34). 

Pogostemon patchouli is a strongly aromatic herb. Th"' dried leaves are extensively 
employed for scenting clothes to keep off insects from woohen shawls. (35}. It contains an 
essential oil which has yielded patchouli alcohol ( XXV). eugenol. and two alkaloids 
p<Hchoulipyridine (XXVI) and epiguaipyridine (XXVII), (:36). Clerodane diterpenes from 
var;ous species of the family have been found to be feeding deterrents and to have 
juvenilizing effects on the Mexican bean beetle and the two-spotted spider mite [37). The 
compound mainly responsible for antifeedant activity is ajugarin. Recently. four neo-clero
dane diterpenoids have been isolated from aerial parts of Scutelluria galericulata. Among 
these jodrellin Bis amongst the most potent neo-clerodane antifeedants so far described 
[38). We have recently reviewed the chemistry of suc'l diterpenes [39). Pogostemon 
pt.Itchouli might contain such types of compounds and we have already undertaken a study 
of this plant. In the Liliaceae family Schoenocaulon officinalis (sabadi/la). Veratrum album 
and V. 1.:iride all contain veratrum type alkaloids such as cevadine (XXVlll). which are 
reponsible for their insecticidal activity [40). The neem tree (Azadirachta indica) (Melia
ceae) contains promising pest control substances found effective against many economi
cally important pests. Azadirachtin (XXIX~ is the active principle and effective as a feeding 
deterrent, repellent. toxicant, sterilant and growth disruptant for insects at dosage as low 
as 0.1 ppm [41 ]. The difficulty encountered in the isolation of pure az.adirachtin has led to 
standardized "neem rich" extracts, and azadirachtin-nch" formulations. A company in India 
is marketing "Repelin" and "Wellgro", two neem bao;ed formulations. Nimbosol and biosai, 
two oil-based, neem formulations are also being used for the control of whiteflies and 
lepidopterous pests. An "Azadirachtin-rich" formulation. Margosan-0, for use on nonfood 
crops and ornamentals has been registered in the United States. Efforts are being made 
in our laboratory in Pakistan to develop similar formulations. combining the methods 
developed by Nakanishi et al [42) and by Feuerhake [43). 

Pepper oil distilled from fruits of Piper nigrum (Piperaceae) is used in perfumery. 
Piperine. an alkaloid from pepper. markedly increases the kill of house ;lies. It improves 
insecticidal activity of Eucal}ptus oil. Piperine is synergistically insecticidal to rice weevil 
and cow pea weevils. Miyakado ct al (44) isolated N-isobutyl-11-(3, 4-methylenedioxphe
nyl)-(2E, 4E, IOE)-2.4, 10-undecatrienamide (pipercide), the major insecticidal am~de 
from the fruit of Piper nigrum. The amide has been synthesized. Pipercide ( XXX) exhioits 
a paralysing effect and lethal activity against susceptible and pyrethroid resistant insects. 

POTt-:NTIAL IN PAKISTAN 

Pakistan is keenly developing its agricultural resources hy increasing areas under cultiva
tion, because of incrca!'ling population pressure. To achieve these ends. pe!'lticidcs arc <in 
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e~~cmial element in cor..trolling in.~cts. pests. weeds and diseases. Llse of svnthetic 
pesticides. for control of pests of' arious crops has tremendously increased since privatiz
ation of their marketing in since 19:\ I. Howe,·er the use of ch~mical pesticides has resulted 
in a number of problems inciuding pesticide re~idue on crops. in soil and air; particularly 
residues on food crops. fruits and vegetables. 

In ,·iew uf the aoo,·e limitation and increased cost of synthetic pesticides. the use of 
botanical pesticides. which are usually safe and effective. have attracted priority attention 
by scientists. Work on botanical pesticides has resulted in identification of 2300 plants 
which have pest control properties and another 100 plants are being studied [4). 

A list of insecticidal and insect-repellent plants of India and Pakistan is given in Table 
l 

TABLE2 
Insecticidal and Insect-repellent plants 

A.cums c:.1/umus Linn. 
AconL'i grarnineu.s Soland. 
Adina cordif vlia 
Agui·e americanu Linn. 
Anac:ardium on:idemale Linn. 
Anamina cocculus 
A11dracl111e cordifolia Muell.-Arg. 
A1111011a reticulatu Linn. 
A1111011u squamo.'itl Linn. 
Arisuema speciosum 
Ari.menw tonuo.mm 
Ari.'itolod1ia brecteuta Retz. 
Anemisia absimlzium Linn. 
A;<1diraclua indica A. Juss. 
Bambusa amndinacea Willd. 
Bwea nwnospemw (Lam.) Kuntze. 
C alonyction muricatum 
Camwbi'i .wtirn Linn. 
G1.'isytha filiformis Linn. 
C emratlzcmm amlzelminticum 
Clzry.wmhemum cinerariaefolium Vis. 
Cimicifugu foetida Linn. 
Cimwmomum camplwra Nees & Ehern. 
Croton ohlongifolius Roxh. 
Croto11 tigli11m Linn. 
Cucumis satfrm Linn. 
Curcuma longa Roxh. 
Cymbopogo11 nardm 
Cyanclmm amottianum Wight. 
Dc:lphinium hrwwnianum Royle 
Delphinium caeruleum Jacq. 
Delphinium elawm Linn 
Derris elliptica 

Euplzorbia tlzymifolia Linn. 
Gardeniu campwmlata Roxb. 
Gaultheriafragrantissima WaH. 
Gloriosu superba Lmn. 
Gynandropsis ~·nandra 
Hedera helix Linn. 
Ka/a11clzoe !ipathulata 
Lagenandru toxicaria Daiz. 
.\-fadlzuca latif olia 
Madhuca longifolia 
Melaleuca leuc:adendron Linn. 
Milletia auriculata 
Nicundru plzysa:oides Gaenn. 
Nicotiana tubacum Linn. 
Nigel/a satfra Linn. 
Ocimum gratfr~imum Linn. 
Paclzygone orara 
Peganum lzamza/a Linn. 
Picra.mw jarnnica Blume 
Pieris owilifolia D.D,m. 
Pogostemon ht·yneanus Benth. 
Po/ygonum jlaccidum Meissn. 
Polygonum hydropiper Linn. 
Randia dumetomm Lam. 
Ricinus communi'i Linn. 
Ruta grm·eolem Linn 
Sama/um album Linn. 
Sarcostemma acidum 
Sau.uurea lappu C.B. Clarke. 
Sch/eichera oleo.'ia 
Scleria pergrucili.'i 
Sophora mo/Ii~ R. Grah. 
Tephrmia mgelii Hook. 



Eunt(lpllls glolmlu.\ l~hill 
Euplwrbia amit/Uomm Linn 

J ltex 11cugu11do Linn. 
Ztmlh:uylum lwmilconianum WalL 

Of 1he variou~ plants of Pakislan le~aed hy \lalik et t1l and Jilani et al .. [ 1-i. 15) .-koms 
calt1mus L. Z.mtlwxylum annawm DC .. Rlr11:_n1 'itrictt1 and SLILL\.\t1re11 lt1ppu have been 
found w he active hy Malik et al. wherea.' A. caltmzus. Curcuma longa and A:adimdllu 
i11tlicu were found to he ac1ive against a number of pests hy Jilani ct 11/. We have initialed 
studies for general screening of plants using the Brine Shrimp lc::·1hality test (a bio<bsay 
which is indicative of cytmoxicity. various pharmacolngic at·tions and pesticidal effects) and 
monitoring of frond proliferation in Lemna or duckweed (a hioassay for herbicide and plant 
growth stimulant~) under a project approved hy Pakistan Agricultural Researi:h Council. 
"Neem-rich" amt "Azadiractin-rich" formulations are being developed to commercialize 
such products in Pakistan. 

We are thankful to PARC for nomination and UNIDO for support to attend the 
seminar. Y" 
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PREDICTION AND AVOIDANCE OF RESISTANCE TO INSECTICIDES 

NEIL W. FORRESTER 
NSW Agriculture & Fisheries 
Agricultural research Station 

Narrabri. NSW "190 
Australia 

ABSTRACT 

The development of resistance to insecticides is not always easy to predict but there are a 
number of key factors which are common to these recidivist pests: a short life cycle with 
multiple generations per year. often with no overwintering stage; a relatively limited host 
range, mostly on sprayed crops; high value host crops with low thresholds. usuaily requiring 
multiple sprays. Insecticide Resistance Managment (IRM) can he approached from two 
aspects; curative IRM (introduced in response to field failures) and preventative IRM 
(introduced before significant field problems occur). Successful IRM requires a working 
knowledge of many disciplines such a~ biochemistry, zoology, epidemiology, genetics, 
population biology, environmental and medical toxicology, botany, psychology, insect 
physiology, insect ecology, insecticide chemistry and toxicology, agronomy, plant physio
logy, extension entomology. sociology and, at times, politics. The first steps have now been 
taken to form an International Pesticide Resi~tance Management Organization 
(IOPERM) based on this concept of multidisciplinary teams from industry, government 

and academia. 

INTRODUCTION 

The in:-.ecticide resistance problem is increasing at an alarming rate while the introduction 
of new chemistry is slowing down. At the last census in 1986, there were at least 490 species 
of insects and mites resistant to insecticides [ 11. In addition, an increasing number of these 
arc developing multiple resistance to a numhcr of in:-.ecticides. For example. hy 1984. there 
were 17 species rcsistam to all 5 major in:-.ccticide groups (DDT, cyclodicnes. organophos
phates. carhamatcs and pyrethroids) [21. Exaccrhating this prohlcm arc the technical, 
toxicological and environmental constraints which are slowing up the introduction of new 
chemic<1I groups. Screening success rates are now I in 20,000 Pl while the cost of 
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dc:\doping a nc\\ irt..,ecticidc is over SCS50 million and S-i0-100 million extra if a manufac
turing plan! i~ rc:4uircd ("'). Thus. the price for new chemistry. if indeed it does become 
a\ailabk. \\ill mo-.t cenainly he high and will incrc:a..-.e rapidly. This. alone. is a strong 
enough incentive to preserve current cost dfective compounds such as the pyrethroids. In 
agriculture. the impaci of resistance is to reduce profitahility and this ha.' hcen wdl 
documented for the DDT resistance episode in the: Ord River Irrigation Are~1 of northern 
Australia (Fig I. re\\Orked from [5]). The :'\ational Academy of Science [hJ ~uggestcd that 
~managing resistance will become a practical necessity for many farmers struggling to stay 
profitable: in the face of growing international competition". 

The de\·dopment of resistance to insecticides is not always ea..-;y to predict. However. 
1here are number of factors which predispose the insect and/or the in...;,ectici<le to resistance 
devdoprnent: 

Insect 
A short life l.j'Ck with multiple generations per year. often with no overwintering stage. eg. 
Sugar cane wireworm (with one generation every 2 years) took 20 years to develop dieldrin 
resi~tance. Root maggots (with 3-4 generations.yc:ar) took only 5 year-. [7). 

A rdati•.-dy limitc:d host range. mostly on sprayed crops (8). 

l-ligh \alue host crops with low threshold-.. usually requiring multiple sprays [9. 111). 
\kthod of reproduction (eg. parthenogenetic aphids or arrhenotokous whitefly and mites 
which have: 1/3 greater resistance potential over fully diploid species) [ 11. 12). 

:\lore than one life stage ( eg. moths & larvae) selected [ 13. 9). 

Insecticide 
Long residual activity eg. intermittent use of non persistent pyrethroids did not elicit 
pyrethroid resistance in houseflies whereas persistent pyrethroids did [ 1-l ). 

Single target site insecticides are at greatest risk to resistance development (6). 

Low cost coupled wirh high efficacy (eg. pyre1hroids) invite overuse. 

Information on the ahovc factors can aid in assessing the resistance risk of an 
inscct:host:in:-.ecticide system. However, it must he stressed that each of these systems will 
have its own idio:-.yncracies and will most probably he unique I 15). For example. Hdiothis 
am1~i:L·ri.1 is a nrnjor rcsi-;tancc risk for couon production in Australia. Thailand, f ndia and 
Turkey but much less so in Africa. 

ln!'lccticide Resistance ~lanagement (IRM) can he approached from two a-.pects: 
curativ.: IR~ (introduced in response to field failures) an<l preventative IRM (intrm.Iucc<l 
hdorc: field problems occur). Curative IRM strategies h•tve hc:en introduced in Ausm1Iia. 
Thailand. Colomhi~1 and the LS:\ in respon-;c to pyrcthroid resi:-;1ance prohlcm .. in lldiotlzis 
spp. I lhj. It is :-.till too early to fully assess thl!ir imp<tct hut except for Thai lane!. it i~ generally 
agrc:c:d that thc:!'IC rc:<ictivc strategics have hecn succc:-.:-.ful in at lea:-t prolonging the dfc:ct ivc 
life of the pyrcthroid!'I (Figure 2). These apparent successes m•ty indeed prove to he only 
increa:-.es in the: c<1lcn<lar life: of the: pyrcthroids. through temporal restriction on their use. 
rather th:an an extension of their ahsolute pcriml of c:ffcctivcnc:ss ( 17J. Ncvc:rthclcss, they 
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will ~till han~ achie\·cJ their ;1im in Jdaying the prohlcm anJ huying time for the Jdi\"~(}·. 
d~\"dopment and impkmentation of new control method~ ( hoth chemical and non-d1emi
cal). There i~ no Joubt th:ll pren~ntati\"e IR.\t :-trategies are ideally the hc~t option. as the 
chance~ of long term ~i.u:cess are much hctter and they can he much k~s re~tricti\·e in 
relation to pesticide use l"k!riods [IX). Pre\entati\"e IR\1 strategies have: heen introduced 
in Zimhahwe and Egypt and so far ha,·e hcen ,.el}· succes~ful [Io). Hm\e\er. their long 
term.viahility is uncertain. "(be lengthy disl."USsion in the literature on the rdatiw merits 
of IRM hy rotation..,. mixtures or mosai'"-s etc .. is mostly irrdcvant to the needs of practical 
IRM. By necc:ssity. IRM will invol\"e integration of all these techni4ue~ along\\ ith stamlard 
pest management practices such a..-. cultural control and resistant \·arieties. 

Management of insecticide resistance b a prohkm which has been forced upon 
agricultural and public health scientists. A' yet, the challenge has not hcen taken up. There 
has heen much theoretil.-JI postulation hut only a few groups ha\·e e\"er attempted IRM. 
Perhaps this is becau~ of the complexity of the problem. Successful IRM requires a 
working knowledge of many disciplines such as hiochemistry. zoolo~·y. epidemiolob'Y· 
genetics. population hiology. environmental and medical toxicology. botany. psychology. 
insel."1 physiology. insect ecology. in~ecticide chemistry and toxicology. agronomy. plant 
physiology. extension entomology. sociology and. at times. politics. Obviously. no singk 
individual could he expected to possess all the nec>!ssary skills. so a co-operative team 
approach is essential. Over the next few decade:.-. these team.., will ernl•.-e and the numhcr 
of IRM programmes will escalate markedly as resistance develops to rhe currently cost 
effective groups such as the pyrethroids. Even now. the fir!'t steps haw heen taken to form 
an International Pc:sticide Management Organisation (IOPERM) hasc:J on this concc:pt of 
multidisciplinary team'.'I from industry. government and academia. The aim of thb broad 
based organisation will he to provide an international forum to promote the concepts of 
pest resistance management within the context of Integrated Pest Management (IPM) and 
to facilitate the implementation of programmes in industrial and developing nations and 
the emerging democracies. Within the lnsecticide1Acaricides suh group there are four 
Working Group:. which have been chosen to cover the most pressing in'.'lecticide re:.istance 
prohlem are;is: cotton. \·egetahles. mites on tree crops and puhlic health pests. The aim 
of each of the:.e groups will he to work up resi:.tance management proposals for consider
ation at the inaugural International Pest Resistance Management Cong.rc:ss for lmplc:men
tation to he hdd at the :'\ational Aca<lem~· of Sci~nce~ in Washington DC in mid 199~. This 
meeting should prn•ide a :-.trong focus for the iuturc development of IR\1 strategic:.. 

I. 
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After twenty years' experience of fungicide resistance in many 
situations, it is now possible to assess in a general way (e.g. as low, 
medium, high) the risk of resistance arising against a particular 
fungicide treatment. The precise rate of build-up or ultimate degree of 
resistance cannot yet be determined. Four complementary approaches to 
prediction of resi9tance are described - genetic studies, multifactorial 
analysis, mathematical modelling and monitoring. Counter-measures 
include minimising use of the fungicide, application of a companion 
fungicide in a mixed formulation or treatment programne, and concurrent 
use of non-chemical control methods. The concept of integrated 
resistance management, involving essential co-operation of manufacturers 
and other organisations, is discussed. 

F\lngicide resistance is essentially a phenomenon of the last 20 years. 
Before then, the build-up of resistant strains of target pathogens was a 
rare event, which took many years, and was local in occurrence. These 
isolated P.arly examples, cited by Brent [ 1], are: in the USA the 
resistance of mould fungi· ( l'i:11icilli11111 spp.) that attack citrus fruit to 
both biphenyl fumigation and sodium orthophenylphenate dipping, which 
are common protectant treatments; in Australia the resistance of the 
wheat bunt pathogen ( Tille1ia foe1ida) to hexachlorobenzene seed treatments; 
in Scotland the resistance of the leaf-stripe pathogen of oats 
( l'vmroplwra cw,•11m•) to organomercurial se~d treatments; in the USA the 
resistance of the apple scab fungus ( Vi·11111ria i11aeq11ali.~) to sprays of dodine. 
The appearance of resistant strains of these fungi did cause practical 
difficulties in disease control, but only after at least 10 years and 
often much longer periods of continual use. 

The advent of systemic fungicides in the 1970s was very soon 
followed by the appearance of much more rapid and widespread cases of 
build-up of resistance (Table 1). Efficacy of these fungicides declined 
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rapidly as resistance intensified and spread. All the major groups of 
systemic fungicides were affected, with the notable exceptions of the 
morpholine fungicides and fosety!.-aluminium. All classes of fungal 
pathogens were involved, in many countries. ~gicide resistance 
problems have occurred most frequently in wes rn Europe, presumably 
because most of the world fungicide usage tokes place in that region. 
Wann-climate countries have fewer resistance problems, although the 
control of coffee berry disease (caused by Colf,·101rid111111 mfkt11111111 ) and 
banana leaf spot (caused by Afrn•spfw,·rt'lla}iji•·mil )has been seriously 
affected by resistance to benzimidazole fungicides in East Africa and 
Central America respectively. No serious fungicide resistance problem 
has to rrrt knowledge been reported yet in the literature from Asian 
countries, other than from Japan. 

In this paper two important questions will be discussed. Firstly, 
can determining the risk of fungicide resistance be useful, and if so 
how can it be done? Secondly, to what extent c~n avoidance strategies 
be designed and imrlemented, and can their success be monitored? 

'lBE PRIDICTICW OF FlHiICIDE RESI~ 

This topic has been reviewed more fully by Brent, Hollomon and Shaw [2]. 
The ability to predict the likelihood of the build-up of resistant 
populations in target fungi is very important. Risk assessment can be 
used to guide the selection of candidate fungicides for further 
development towards those which are predicted to be more durable, to 
determine the need to monitor 'base line' sensitivity and the need to 
develop special strategies of use in order to ensure a long useful life 
for potential products. 

Experience of fungicide resistance problems over two decades, and 
much experimental and survey data are now available. Using this 
information, several workers have addressed the problems of predicting 
the risk of resistance. Four main approaches can be distinguished. 
These are: genetic studies, multifactorial analysis, mathematical 
modelling and monitoring. It should be stressed that these approaches 
are not entirely separate, and in particular the multifactorial and 
modelling approaches utilise much data that are obtained from the 
genetic experiments and from monitoring in the field. 

Genetic studies 
The intrinsic capacity for mutation conferting resistance of a 
particular pathogen against a particular fungicide can be examined by 
mutagenesis experiments involving ultra-violet irradiation or treatment 
with chemical mutagenic agents. These speed up greatly the mutation 
rate, and are valuable because natural mutations occur much too rarely 
to be detected in small populations. The production of laboratory
induced resistant mutants which retain normal vigour and ability to 
infect ('fitness') gives a positive indication of the likely development 
of resistance. One good ex?~ple is provided by laboratory studies on 
l'l1v1of1/11lrom 1111•gmflc'n110 f. sp. 1111·1'11 agi11i.1. in which metalaxyl-resistant mutants 
were readily produced by mutagen treatment (3). This finding gave a 



TABLE 1 
Occurrence of fungicide resistance problems in crops· 

Date 
(approx.) 

1960 

1964 

1969 

1970 

1971 

1972 

1976 

1980 

1982 

1982 

1985 

Fungicide or 
fungicide class 

Aromatic 
hydrocarbons 

Organo-mercurials 

Dcxiine 

Benzimidazoles 

2-Amino
pyrimidines 

Kasugamycin 

Phosphorothiolates 

Phenylam.ides 

Dicarboximides 

Sterol 
demethylation 
inhibitors (DMI 
fungicides) 

carboxin 

•Modified from Brent [1). 

Years of 
commercial 

use prior to 
resistance 
(approx.) 

20 

40 

10 

2 

2 

5 

9 

2 

5 

7 

15 

Main crops, diseases 
and pathogens 
affected 

Citrus storag~ rots: 
l'enicillium spp. 

Cereal leaf-stripe: 
l'yre11ophora spp. 

Apple scab: Ve11111ria 
iilaequalis 

Many target crop 
diseases and 
pathogens 

cucumber powdery 
mildew: Sphaerotheco 
f11/igi11ea 

Rice blast: 
Magnaporthe grisea 

Rice blast: 
Magnaporthe xrisea 

Potato blight and 
grape-vine downy 
mildew: Phy1opl11/1ora 
i11festa11s and l'lasmopara 
vi ti cola 

Grape-vine grey 
mould: Botrytis cinerea 

Cucurbit and barley 
powdery mildews: 
Sphaerotht•ca .f11/igim•a and 
Ervsiphe xraminis 

Barley loose smut: 
l/stilaxo 1111da 
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positive indication of the widespread practical resistance of target 
pathogens to metalaxyl and other phenylamide fungicides which has 
occurred subsequently. Resistant laboratory mutants cannot be induced 
against the older fungicides such as copper, dithiocarbamates and 
phthalimides, which have not encountered resistance problems [4). 
However, failure to detect fungicide-resistant mutants in laboratory 
tests cannot be taken as an absolute indication of no risk. It is 
possible that a rare nrutation could occur in large field populations and 
rapidly become dominant, and yet not be induced in the laboratory. 
Conversely, nrutants resistant to morpholine"fungicides, with normal 
pathogenicity, are readily produced in the laboratory and yet resistance 
problems have not emerged in practice [5]. 

Another important source of resistant variants in field 
populations is sexual recombination. Recombination experiments are less 
effective than monitoring for detecting rare single-gene mutations, 
since such mutations are unlikely to be represented in the small sample 
of parent strains used. However, when variation is controlled by many 
genetic factors, with mutations occurring in many isolates, progeny 
derived from crosses do reveal variation in sensitivity to the 
fungicides. In studies on barley powdery mildew, progeny from sexual 
reproduction yielded more variation in sensitivity to ethirimol and 
triadimenol than could be produced by mutagenesis experiments, or 
exposed by base line monitoring (6]. 

The initial low frequency of fungicide resistance alleles in field 
populations can be increased by selection, i.e. through repeated 
exposure to the fungicide. Thus, in growth room experiments on 
populations of Pll_woph1!10ru infi.•sram with an initial frequency of metalaxyl 
resistance of 1 x 10- 4 (7), this frequency was increased one hundred
fold after exposure for three generations to metalaxyl sprays. However, 
initial frequencies in the field are likely to be well below 10- 6 • In 
this case selection experiments need to utilise very large starting 
populations and results are likely to be erratic. Nevertheless, 
isolation of resistant mutants in a laboratory or field selection 
experiment does indicate a risk of resistance. Information on the 
fitness of the resistant var;_ants is, of course, n~cessary. However, 
this can only be done in the laboratory or isolated glasshouse because 
it would be wrong to inoculate deliberately field crops with resistant 
forms if the pathogen were still effectively controlled in the field. 

Rultifactorial analysis 
From the analysis of case histories (see [8] for examples) we can obtain 
some understanding of the many interacting factors that determine the 
rate and severity of resistance build-up. These factors have been 
discussed by many authors over the years. At least 15 of the factors 
were incorporated into a scheme prepared by Gisi and Staehle-Cseh [9]. 
These include inherent genetic and biochemical characteristics of the 
target pathogen, degree of cross-resistance to fungicides with a known 
resistance problem, the fecundity of the target pathogen and strategies 
of fungicide use. In this comprehensive approach, numerical scores of 
1 - 3, indicating low, medium and high risk are allocated to each of the 
factors, judging by the best information available. Thus, evidence for 
cross-resistance, selection of resistant strains in mutagenesis tests or 
in heavily-treated field plots, evidence of loss of field performance, 



rapid rates of reproduction by the fungus, high frequency of fungicide 
application, large treated areas, and the use of the fungicide alone 
rather than in mixtures, are all factors favouring resistance and taken 
together would indicate a high risk. However.· in practice not all these 
factors are easily measured no~ will they be equally important. 
Consequently the total risk score obtained is not very reliable in terms 
of the time-scale of resistance or its ultimate severity. Nevertheless, 
this type of approach does seem to provide an indication of 'small', 
'moderate' or 'large' levels of risk, and the accuracy does tend to 
improve as more knowledge accumulates about a particular fungicide/ 
disease situation. 
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Kat:bellatical modelling 
Several models have been proposed to explain and predict the rate of 
build-up of resistance, and to indicate the effects of different 
strategies of fungicide use. Exa'llples are given in references (10 -
14). These models have ~oncentrated on situations where there are two 
distinct groups of strains, with substantial differences in resistance 
which are controlled by a single gene. The general conclusions arising 
from the different models are broadly similar, and are in keeping with 
predictions arising from other approaches. They indicate that 
resistance develops most rapidly in pathogens which reproduce frequently 
and are exposed to highly effective, persistent fungicides. The lower 
the frequency of resistant mutants in the initial population, the longer 
that resistance will take to appear. Poor fitness of the nrutart forms 
prevents the development of resistance. 

Two forms of genetic control of fungicide resistance are now 
recognised. In one type, only a single gene is respcnsible, whereas in 
the second, many genes, each with a small but additive effect, are 
involved. Much less modelling research ~1as been done in connection with 
the latter type of resistance. However, recent models proposed by Shaw 
[15) do address this problem by considering how fitness and growth rate 
change in relation to degree of fungicide sensitivity. Genetic 
information on the inheritance of resistance is also required through 
sexual crossing. It should be possible to validate Shaw's model by 
appropriate laboratory and field experimentation, but this remains to be 
done. 

llcnitoring 
Monitcring for 'base line' sensitivity, at a very early stage in the use 
of a fungicide may reveal variation in sensitivity, especially with 
regard to sensitivity to the DMI and 2-aminopyrimidine fungicides, where 
resistance is considered to be polygenic. Subsequent changes in 
respvnse to selection will be gradual, so that further monitoring should 
detect shifts in fungicide sensitivity before difficulties in practical 
disease control emerge. This has proved useful in the case of powd~ry 
mildews of cereals and their control by the above twc fungicide groups 
(16). However, in the case of single-gene mutations it will seldom be 
feasible to detect resistant pathogens until they reach high frequenc; ~ 
(> 1%) in the population. In these situations, positive results from 
monitoring may come too late to be a useful indication of risk. It wi~· 
only take one or two treated generations from the time resistant forms 
are detected until the time of serious failure of disease control. 
Nevertheless, a valuable alert to risk may be given if the rate of 
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reproduction of the fungus is only one or two generations per season, or 
where use of the fungicide has not started in other regions. 

The surest way of avoiding resistance is not to use the particular type 
of fungicide which is at risk. The likelihood of resistance occurring 
has caused ma.~ufacturers to decide not to develop and market certain 
experimental fungicides. Assuming, however, that the products will come 
into use then we must consider l~ss stringent policies which are likely 
either to delay or avoid the appearance of resistance. 

Ri.niaisi.nq use 
It may ue possible to restrict the use of a product to times when its 
special properties are critically necessary for crop disease control. 
At other times either no fungicide or an alternative fungicide should be 
used. For example, ethirimol was used in the UK as a seed treatment for 
autumn sown and spring sown barley to cor.trol powdery mildew on the 
foliage. When the occurrence of resistant strains was first detected 
through monitoring, the manufacturers (ICI) recommended that its 
application to autumn-sown barley should cease (17). It was considered 
that treated autumn-sown barley formed a selective bridge on which 
resistant forms would thrive and transfer to the spring-sown crop. 

In the treatment of llorryris disf'ase of grape-vines the use of 
dicarboximide fungicides has been restricted to 2 - 3 sprays early in 
season. A similar strategy has been applied to the use of phenylamide 
fungicides against potato blight ( l'hyrophrhora i11/(•srw1s ) and grape-vine downy 
mildew ( l'fa.;mopara ~·iricola ) in certain regions. In the case of 
phenylamides, however, mixtures with other fungicides (see below) also 
are used exclusively. 

Altering fungicide dose could also affect selection of resistant 
strains. It remains an open question, howaver, as to whether it is more 
of a risk to lower or to raise the dose. Lowering the dose might 
decrease selection pressure that favours highly resistant forms. 
However, it might also encourage the spread of moderately or weakly 
resistant strains. Increasing the rate might encourage highly resistant 
forms to develop, but inhibit the more gradual build-up of resistance. 
However, experimental data regarding effects of dose on the risk of 
resistance are at present very few. In some experiments in the author's 
institute increasing the rates of application appeared to enhance shifts 
towards resistance to triadimefon in barley powdery mildew (18), but in 
other experiments on strawberry llorryri.1 [ 19) and on wheat eyespot 
( l'w1doarco.1port'l la hcrporriclroidt's ) ( T. Hunter, V. W. L. Jordan and K. J. Brent, 
unpublished data) altering doses made little difference to the rate of 
build-up of resistance. 

Combined use of different fungicides 
Models have sugg~sted that the combination of a high-risk fungicide with 
a companion fungicide of a different type will reduce selection pressure 
and delay resistance. The companion compound must control strains of 
fungi that are resistant to the at-risk fungicide, i.e. there must be no 



cross-resistance. Either multi-site or site-specific fungicides can be 
used as companion compounds, but suitable multi-site co~.pounds are 
preferable if these are available. If two site-specific fungicides of 
different types are used there is some risk of double resistance even
tually arising. Protectant fungicides such as mancozeb and copper have 
found rene•.ired use as partners to the more recent systemic fungicides. 

,., , ..:.. __ , 

With present experience there appears little to choose between 
mixing and rotating the partner fungicides. However, in pra~tice 
proprietary formulated mixtures are increasingly being marketed and 
used. Examples are mixtures of phenylamide fungicides with mancozeb or 
copper to control Oomycete diseases, and mixtures of sterol 
demethylation inhibitor (DMI) fungicides with chlorothalonil to control 
cereal diseases. If, as with phenylamide-containing sprays, these are 
the only products marketed which contain the at-risk fungicide, then the 
farmer has no option but to use the combined treatment and the mixture 
strategy is uniformly operated. Often the mixtures also have the 
advantage of increasing the target range and the effectiveness of the 
treatment. 

Experimentally, it has been demonstrated in a few situations that 
the use of appropriate mixtures can delay the appearance of resistant 
populations ((7), (18), (20)). Success in practice is hard to judge, 
because strategies are operated over large regions with no equivalent 
'non-strategy' area available for comparison. Practical experience to 
date suggests that the use of mixtures and/or rotations does stabilise 
polygenic resistance at an acceptable level, as for example in the case 
of resistance of barley powdery mildew to triazoles in the UK. Single
gene resistance is delayed, but tends to predominate eventually, as with 
the use of phenylamide-mancozeb against l'lrwoph1lwm i11f1.•s1am in the UK. 

Application of a combination of two fungicides showing negative 
cross-resistance could be partiL"Ularly effective. The cereal seed 
treatment 'Ferrax' introduced by ICI (21) includes a 2-aminopyrimidine 
fungicide (ethirimol) and a triazole (flutriafol}, and is designed to 
exploit the negative cross-resistance of powdery mildew which is known 
to exist between these two classes of fungicide. The fungicide 
diethofencarb (22) shows negative cross-resistance to benzimidazole 
fungicides. Thus it finds use as a mixture with a benzimidazole 
fungicide for control of llo1rv1i.1 c i11<•rc•a in grape-vines. 

Integrated resistance mana~t 
It is important that the specific avoidance strategies involving 
fungicide use are combined with other activities. Monitoring is 
essential, to check that the use strategy is really working and to 
indicate the need to modify or strengthen the strategy if resistant 
forms are increasing. It is also wise to use complementary non-chemical 
methods of disease control wherever possible. For example, disease
resistant cultivars and hygienic cultural practices should be used, 
provided they are available and at least in part effective in 
controlling disease. 

To establish integrated resistance management, co-operation 
between agrochemical companies, advisory bodies and growers is 
eGsential. Companies which supply fungicides of the same class (with 



regard to resistance) need to collaborate in designing and operating 
joint strategies to avoid resistance. Thus, the Fungicide Resistance 
Action Conmittee has been organised by GIFAP (International Association 
of Agrochemical Manufacturers) to ensure good inter-company 
collaboration and compatible policies with regard to fungicide 
reconmendations. 

Finally, it is very important that we maintain a good diversity of 
fungicides for crop disease control, since it is the repeated and 
exclusive use of particular fungicides which causes the major resistance 
problems. The discovery process must continue. No major new classes of 
fungicide have been announced since 1977, although it is encouraging 
that several experimental fungicides with novel structures and potent 
selective activity have been reported at rec~nt conferences. 
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ABSTRACT 

The development of hiot~(>\!S resistant to triazine and other herbicides is descrihed. with 
cxample~. !\kthods for the determination of resistance are summarised. Mechanisms of 
action of herhicide~ and the modifications which may occur in resistant hiotypes are 
lkscrihed briefly. Lists are presented of factors which may predispose to the evolution of 
rc~istance. and of component~ of management strategies to prevent or alleviate resistance 
problems. ln:ernational action on herhicide resistance issues is mentioned in conclusion. 

ll'ITRODUCTION 

The majority of uses of hcrhicides in agriculture amt horticulture are selective. They are 
hased on major differences in susceptibility hetween the crop and its associated weeds. 
Thc:se ditfrrc:nccs derive from divergencies in morphological. physiological and hiochemi
cal charactc:ristics of the species. 

Differences hetween varieties in the level of resistance to herbicides hy crops was 
ohserved over 40 years ago with the phenoxyacetic acid herhicides in linseed and maize. 
This led to early recognition hy plant breeders of possibilities for developing more resistant 
varieties giving wider selectivity margins. 11.Jwever, breeding for yield and 4uality charac
teristics and for disease resiswnce took precedence. 

Thc:rc ''ere also early perceptions that within a weed species loosely classified as 
susccptihlc. not only could difforcnt hioty1ws he di:-.tinguishcd on mwphologkal grounds 
hut also in their rc:action to herhicidl.!s - generally hy a small hut nevertheless disccrnihle 

factor. 
fkncc: there v.rm: early signs tlwt the potential cxistcd for sdection of herhicidc-re-

sistant hiotypes within previously slJ' .. ceptihk species. I lowevcr, mml weed scientists J-4 
decades ago thought major resistance: prohkm:.., as seen with insecticides. were unlikely to 
occL r with hcrhicides. Three principal reasons we: re given: 
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I) u:-.ually rhcre is only one generation of wect.b annually; 

2) the buffering effect of the hank of weed :-.eed in the soil. oi \\ hich a large pan 
may he deri\·ed from plants not exposed to the herbicit.k; 

3) the enormous use oi 2.4-D. MCPA and other phenoxyacid herbicides over a 
long period. particularly in temperate cereals. and often in mono-\.l!lture sys
tems. without obvious de\elopment of resistant biotype problem,. 

In fact, early problem .. , were due to selection between \111eed species. \'l>ith more 
resistant weeds being reh!a.,ed from competition of other weeds now controlled by her
bicides. This ~curred, for example. with An.·na spp. in cereals in the Lnited Kindom and 
Seturia spp. in maize in the Li nited States of America. 

However. from 1970 onwards there have been increasing numbers of reports of the 
evolution of resistant biotypes of previously susceptible weed species a.' shown by their 
ability to survi\•e herbicide treatment at higher than normal doses. The number of specie:-. 
im·olved has now reached about 80. The majority are reported from Nonh America and 
Europe but there :..re occurrences worldwide. In the Western Pacific area, Australia, 
Hawaii, Japan, ~ew Zealand and the Philippines have encountered this type of problem. 

BIOTYPES RESISTANT TO TRIAZINE HERBICIDES 

The first reported case was of Sem:c:io rnlgwi'i resi:-.tant to simazine and atrazine in the 
northwestern United States in 1970. In the ensuing I 0 years about 30 more species became 
involved and the area affected by triazine-resistant biotypes increased, outstripping occur
rences with other classes of herbicide. 

The importance of triazine-resistant hiotypes has been maintained. A survey within 
the United States of America in 1989 reported their presence in 33 out of 50 States. 
involving nearly one million hectares. The most important species affeckd arc Amurmi:hm 
spp. Chnwpotlium a/hum, anc.11\ochia scopuria. However, only a small proportion of these 
States reported that re!'istant biotypes were a serious weed problem re<.juiring special effort. 

Worklwide, 40 c.licotyledonous species and 17 grass species now show resistance. In 
Europe the !;p~cies reported most fre<.juently as developing resistance lo triazines are 
Chcnopodium album, Pou"""''"· Scncc:io rnlguri.'i and Solumm111ign1111. This should not 
he interpreted as meaning that all infestations of these weeds have become resistant. That 
would be far from the truth. Nor is the evolution of resistance spread across all the major 
groups of anr.ua! weed species. For example, weeds from the Cruciferae are under-repre
sented in the reports. 

Most of the occurrences relate to the repeat usage of simazine and atrazine on the 
same :-.ite over a period of years. This happens where an annual crop resi:-.tant to triazine 
herbicides is grown as a monoculture system or where this type of herbicide can be usec.I 
repeatedly and safely in a perennial crop. Major examples are: 

Maize (corn in the Unites States of America) 
Soft fruit 
Orchard fruit 
Viney;m.Js 



228 

'.\u~ry stock 
~on-crop situation.' (e.g. railwa~ track.-.) 

In many of the~ situation.' the u~ of triazine herbicides h~ \.-Unlinued despite observa
tion of hiotypes developing resistance. Often this ha.' heen due tu ahsenc~ of an econ
omic alternative for the controi of the su~-eptible weeds present. 
Likely factors which ha,·e assisted the e\·olution of triazine resistant weec.ls are: 

L Efficiency as weedkillers. thereby exerting high selection pressure. 

2. Che;ipness, hence encouraging regular use. 

3. Long persistence in soil. thereby restricting opportunit} for escape by late 
gerrninators which would help maintain susceptible hiotypes. 

-l. Mobility in soil in some cases (e.g. atrazine) and therefore being available to 
seedlings over the full range of germination depth. 

5. Relevance to crop-weed situations where repeat application. sometimes within 
a season. seemed desirable. 

Other factors may predispose again'\t !'!election for resi!'ltance. Of particular import
ance is the 'fitness' of resistant biotypes. By this is meant the possession of characteristics 
which enable it to compete successfully with su:.ceptihle biotypes, other weed species. and 
the crop. Considerable research ha.'\ indicated that biotypes resistant to atrazine or other 
triazines are inferior in vigour, possibl) due to a less efficient photosynthetic system than 
the comparable susceptible types. In one investigation with biotypes of Chenopodium 
album evolved in France the resistant plants were generally talla and less branched, 
flowered later, and produced less seeds with ~ lower germination rate than susceptihk 
plants. 

RESISTA~CE TO OTHER HERBICIDES 

In more recent years there have been reports of cvoll!tion of biotypes resistant to herbicides 
of many other classe~. In some cases these are photosynthetic inhibitors such as the 
substituted urea.,, with a mode of action similar to triazines. In other ca'\es the mechanism 
of action i-; very different. By 1989 .here were reports of resistance development in 26 
dicotyledonous species and 12 grass species. In many ca.-.es there is overlap with the list of 
species in \\hich triazine resistance t.as evolved. These numbers continue to grow. 

The cla:-.ses of herbicides involved so far include: 
Suhstitute<l ureas, e.g. <liuron, chlorotoluron 
Uracils, e.g. hromacil 
Anilides, e.g. propanil 
Sulphonylureas, e.g. chlorsulfuron 
Dinitroanilincs, e.g. trifuluralin 
Triazoles, e.g. amitrolc 
Aryloxyalkanoic acids, e.g. MCPA, mecoprop 



E~rer~ of arylm.yphenoxyalkanoic aciJ~. c:.g. didofop-mcthyl 
ll}Jroxyhenzonitriks. e.g. brommynil 
Bipyridiniums. e.g. para4uat 
Organoarscnicals. e.g. MSMA 
Thc:sc cover a consi<lerahle range of usage and mo<l\!s of action. 

Chlorotoiuron 
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The evolution of iliotypes of AlupecunL'i m_m.mroiJe.\ resi~tant to chlorotoluron and other 
herhiciJ~s in the L nited Kindom illustrates a ran5e of important a.'peccs. 

This species is an annual grass weed of cereals. primarily of winter wheal. It is winter 
germinating. very competitive. and a prolific producer of small sc:eds which are shallow 
germinators and can produce dense stands. It ha.' tk:come an increa.\ing prohkm in Europe 
during the la. ... t two <lee.ides a.'> a higher proponion of winter crops have been grown. 
t.-ulti,.-atio(l!) (particularly ploughing) have tk:en reduced. and competition from other weeds 
ha., been lowered by their effective contmi. This ha.' kd m the development of chemical 
comrol mt!asures aimed particularly at this weed. Becaus~ of the long pc:riod of germina
iion and establishment through lhe aulumn and winter months a soil-acting herbicide '''ith 
some persistence is advantageous. Thus. there has been widespread usage of the sub
stituted urea herbicides chlorotoluron and isoprolumn which have sdeccivity for this 
purpose in cereals. 

Afcer more than a dec-Jde of successful use. partial resisla1:.:e was firsl detected at 
Faringdon. near Oxford. in 1982. Suhse4uencly. more pronounced resistance was found at 
Peldon, Essex. about 175 km away. in 1984. By 1987. resistant or partially resistant biorypes 
had been found on IO farms in England. By 1989 seed samples of the weed from over 250 
fields had heen tested. Resislance wa.s detected in 33 fields on 20 farms in 6 Counties.\\ irh 
no evidence of their having spread from a common source. All fields had been in a rotation 
in which \\incer cereals predominated. as did cultivation regimes which did not include 
ploughing. Herbicides used were mainly chlorotoluron, isoproturon and diclofop-methyl, 
and on the fields concerned averaged 1.6 application:-. per year over the previous l 0 years. 
At Peldon. chc :-.ite where resistance \\as most severe. chlorotoluron was first used in I lJ75. 
There were then 13 Jpplications of chlorotoluron or the closdy related isoproturon 
between 1975 and 198-t Ac Faringd''" there was a similar history. 

Ar the latter site. where rcsiscarn.:e was first discove;:red. there was seed a..-ailahlc 
C1>llecte<l in I lJ7h, only 2 years after chlorotoluron. wa:-. first applied to the field. Suh!»e4uent 
:.eed collection:. were made in 1981, 1983 and 1985. In 1987 all four :-iced coliec1ion:-. were 
germinated and the response of the seedlings to chlorotoluron tested together undc:r 
idcntic~1l conditions. Measurement of growth reduction showed a slow hut steady increase 
in resistance with passage of time as represented hy decreasing age or .•ecd. In concrast, 
seed was collected in each of the years 1982, 1984 and 1986 from a site of Rothamsted which 
had not received any herbicide during its 140 years of recorded history. Simultaneous 
comparison of respon:-.c of seedlings to chlorotoluron showed the same level of high 
susccptihility hy each of the three batches. 

The degree of resistance was very variahle between sites where it was discovered, hut 
in many of the ca:-.cs it was :,ufficient to make effective control hy chlorotoluron unauain
ahle. However. the prohlem should nor he overstated. A survey hy the Advisory Service 
in 1988 on sites drawn at random showed the Alopecurm myomroides at 8hc·( of them to 
he still su:-.ccptihlc despite a high intensity of herhicide use al many of them. Only 5~~ of 
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'itc' ,howed partial or major re:-.istance. lJf i were marginal. though ~uch :-.ite' m•a~ ,,ffer a 
hint of potential for further de\·dopment of resistance. 

Other im estigations show no m•tjor difkr.:nce in fitne:-.s hctween rc:-.istam ~tnd 

susl.·eptihk hiotypcs. Nudear inheritance of this trait is imolved an<l hence re:-.istance can 
he transferred hy pollen. Nevenhdess. then: is no indica~ion of spread m·er long distances. 

Detection of Resistance 
Many factors influence the performance of soil-acting herbicides such as chlomtolur:m. 
Inferior performance in the fidd may he due 10 poor applic<!tion: dry soil: rough soil 
surface: adsorptive soil (due either to organic matter or a. ... h from straw hurning): suh-op
timal soil pH: slow ac1ion (particularly unJer dry conditions): expectations llH1 high (it is 
difficult to achieve IOOt;-(· control or maintain ac1ivity over a long period to control la1c 
germina1ors): or lastly resis1ant hiotypes. Hence it is crucial to identify reliably whether a 
resistant biotype is present. and diminate other factors. 

In all ca..,es comparison must he made with material from a known su,ceptihle 
population which ha.'\ been exposed to little or no herbicide. The most direct method is to 
colkct mature see<l from each site. sow in ~mdy loam soil in trays or pots. spray the soil 
surface with a range.: of doses, keep under standard conditions in a gla.,,house and ohserve 
emergence and growth after 3-4 weeks. Phytotoxicity is compared with that shown hy the 
susceptibk standard. Containers with different !'ICcdslOck - herhicidc combinations may 
he buried to the rim at a suitahle fielJ site so that the as!'IC!'lsment is made under field 
conditions. Some ureas and triazines may he formulated with oil and surfactant for 
posh~magence application to seedlings. thus giving a quick response asse!'l!'lahlc in 3--i 
days. Other \·ariations use herhicide in solution with seedlings from the various sources 
floated on rafts on the surface: alternativdy the seed may he sown on filter paper moistened 
with solution in Perri di!'lhes. kept out of direct sunlight al room temperature. Re~uh:oi may 
be assessahle in up to 3 weeks. according to herhicide. 

One \·cry simple method can he used with m~my phot.>Synthetic inhibitor herhicidcs. 
This involves taking leaf discs from plams of populations to he tested. These are llo;ned 
on buffer + weuing agent + herhicide in a series of concentrations in spccimen tuhcs. 
The tuhes are then kept under v~cuum for 20 minutes, shaken. the vacuum rekase<l an<l 
thc:n reapplic:d. After 40 minutes all di~cs should hJve sunk. The solution is replaced hy a 
new aliquot also containing sodium hicarhonate and the tuhes kept un<la illumination. 
Discs from susceptihlc plants remain sunk. Discs from resistant plants rcsumc photosyn
thesis and tloat. Rc!'lults can he assc!'lsed after 1-2 h. 

There arc other more sophistic~1tcd varialions on the ahme mt:thod of comparing 
intcrfert:nce with photosynthesis in susccplihle and resistant hiotypt:s. One uses infra-red 
gas analysis to mcasure carbon dioxitk t:xchangt: in leaf di~cs maintained in an illuminated 
chamber after treatment with herhicide. With susceptihlt: discs tht: rate ste<1dily dt:dincs. 
With rcsi~tant disc~ the rate declines and tht:n rccovt:rs. An answer is obtained within 3h 
hut the c4uipment is exp.:nsivc. Another mt:thod is applicahlc specific.illy co herhicides 
which inhihit photosystem 2 through binding to an ;1ctivc site in the chloroplast. This 
induces~ lluorcscence which can he mcasurc<l. using either leaf discs or isolated chloroplast 
suspensions. Again the experimental pcrioJ is short. hut costly lahor;nory equipment is 
required. If chlt>roplast suspensions arc: used. it can demonstr;1te whether resistance i' 
arising at the actual site of action of this type of herbicide. 
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Cruss-resistant-e 
Cm:o.:o.-rc::o.i:-.l~uh.:c: i:-. a \Cf} imponam propc:ny of praclical con:o.e4uencc \\ hich may occur 
\\ ilh re:-.i:-.l~uu hit>t~ pc:-.. h i:-. lhe term applied lo re:-.i:-.lance lO herbicide:o. olher th.in the one 
whil·h had cxerled lhc original :-.elc:l.'.lion pre:-.:-ure leading to lhe emergence of lhe re ... istalll 
hiotypc. 

'.\fany example:-. of cro:o. .. -re:o.i..,lance are ea.,ily explained where the hc>rbicides are 
dtN:ly rdated chemically or are Imm-. n lo have the :o.ame mot.le of action on plants. Thus 
there are many example.., with the triazine and urea herbici<les \\·hich interfere at a 
particular :-.t:ige of photosynthe:o.i... Selection prc!:-...,ure c!Xc!rted by repeatc!d u~ of one 
triazine herbicide lead:o. tu a biutype re .. istant to that hc.!rbicide and mJny other rdated 
hc.!rhicide:-.. 

Olher in:o.t:incl!:o. arc! more complicated. Resi:o.tance patterns in biotypes ofA/opecums 
myo.mroide.'i r~ .. i:.tant to chlorotoluron haw been investigated using some of the detection 
lechni4u,_-. de:o.crihed above. The result:o. may he .. ummarised a.'i follows. 

Herbicide..,\\ ith similar mode of action to chlorotoluron and to whicti cross-resist:Jnce 
dc:mon:.lrale<l: isoproturon. mctoxuron. simazine. terhutryn. 
lkrhicide:o. of olher type .... lo which cro ...... -re ... i..,lancc demon•.trated: 
chlor:o.ulfuron. diclofop-mcthyl. imazamethahenz. pendimeth:ilin 
Herbicides to which susceplibk: 
ethofume .. ate. propyzamide, tritluralin (de..,pite dose chemical re:ationship to pen
dimethalin). 
Resislance le:ids to a :o.ubstantia! reduction in herbicide efficacy when applied at field 

doses. This diver ... ity of cro:o.:.- r.: ... istance pre:o.ents serious problems for the practical control 
of resbtant bioty pes. 

One auempt w auack this problem involved the use of another herbicide, tridiphane, 
in mixture: with i:..oproturon. Each herbicide, on its own has an effect on susceptible 
biotypes of Alopcrnms myo.mroidcs, both pre- and post-emergence. Both compounds had 
le:o.s effect on a re:-.i:-.tant biotype. However. when both compounds were applied in mixture 
there uppe;m:t.I to he i.! :-.ynergistic effect with control even of the resistant biotype. The 
practical opportunities thus offered huve yet to be verified or exploited. 

Ano1her interc:o.ting example of cross-resistance is provided by Lolium rigidum. a 
major unnual gru:-s weed of cereuls ir. Southern Au!'ltralia. The use of diclofop-methyl for 
... dective control started in 1977 and became a widespread practice. In 1981 a resistant 
populmion was discovered at a site where the herbicide had been applic.'d for 4 years. By 
1989 more than 40 re:-.istant populations had been found from widely spread areas, 
suggesting separate origins. There has been variation between populations in their level 
of resislance which is related to the amount of diclofop-methyl received in preceding years. 

Cro..,s-re ... istance studie!~; with this weed have shown a complex situation. Resistance 
has been demonstrated to the following herbicides to which the population had not been 
exposed previously: tluuzifop, haloxyfop, chlornzifop, quizalofop, alloxydim, scthoxydim, 
chlorsulfuron, metsulfuron, triasulfuron, tritluralin, metribuzin. isoproturon, propyzamide. 
Thc:;e hcrhicit.lcs cover a range of modes of uction. The resistant biotypes do, however, 
remain su:-.ccptihlc to the non-selective herbicides glyphosate and paraquat. 

The same weed also info ... t~; railway rights-of-way in Australia, where it has heen 
controlled hy a mix lure of amitrole and alrazine. After I 0 years of annual treatment a 
n:siswnt hiotypc wus recognised which now uffccrs 2000 km of truck. Cross-resistance was 
invcsligatcd in 1988-9. The susccptihlc and rcsis1ant bioiypes showed u tenfold difference 
in susccptihilily to amitrolc. In addition to alrazine a wide range of photosynthc. tic 
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inhibitors in the triazine and substituted urea groups together with metribuzin and meth
azole failed to affect resistant biotypes. However they did show continuing susceptibility 
to a wide range of other herbicides with different modes of action, including diclofop
methyl and a number of others to which Australian biotypes of the same weed in cereals 
had become resistant. 

MECHANISMS OF ACTION 

The development of resistant biotypes has given considerable impetus to studies on the 
physiology and biochemistry of herbicide action and the mechanisms whereby susceptible 
and resislanl biotypes differ in their response. 

With a large number of herbicides which includes most triazines and substituted 
ureas. the effect is associated with photosystem 2 in the photosynthetic process. The site 
is a protein component of the chloroplast. The herbicide binds to this protein, blocking 
the electron flow, thereby inhibiting photosynthesis and exciting oxygen to the singlet state 
which induces cellular disorganisation. In resistant biotypes this chloroplast membrane 
protein has been altered, the gene responsible having mutated. This is thought to be a 
single gene, maternally inherited. The herbicide then no longer binds to the amended 
protein. photosystem 2 operates normally, and there is no herbicidal effect. 

Paraquat also disrupts the photosynthetic mechanism but in this instance photosystem 
1. The electron flow from water 10 the natural acceptor is diverted at the end of the system. 
This diversion starts a chain of events leading to generation of superoxide, hydrogen 
peroxide and hydroxyl free radicals. These 1hen cause a rapid breakdown of organised cell 
structure. In resistant biotypes some reduction in herbicide uptake and mobility within the 
plant has been detected, possibly through binding to cell walls. However, greater interest 
attaches to there being enhanced levels of enzymes such as superoxide dismuta'e which 
detoxify the active oxygen species which damage the plant. 

With <..hlorotoluron-resistant biotypes of Alopecum'i myo.mroides there is evidence of 
rapid detoxification of the herbicide by oxidation controlled by mixed-function oxidases. 
Their enhancement is a potent modification to the enzyme status, which may account for 
the variety of cross-resistance effects mentioned earlier. 

Finally, another potentially serious resistance situation occurs with the relatively new 
sulphonylurea herbicides. These are potent herbicides many of which persist in soil, and 
which are effective selective weed killer!O in cereals. The first resistant biotype Lactuca 
.'ierriolu was discovered in 1987 in the United States of America, followed by a number of 
reports of resistant biotypes of Kochia .scoparia from 1988 onwards. Resistant plants 
originating from sites where chlorsulfuron or metsulfuron have been used for 3 to 5 years 
to a total applkation over the period of 88 to 123g ai/ha have been investigated. These 
herbicides inhibit acetolactate synthase, which is an enzyme required for synthesis of 
hranched-chain amino acids. The resistant plants did not show reduced uptake or move
ment of the herhicide. The resistance of wheat is due to rapid metabolism of chlorsulfuron 
hut there is not increased breakdown in the resistant Kochia biotype. However, selection 
had given rise to a modified form of the acctolactate synthase which i:.; less sensitive to the 
herbicide hut still functions in producing precursors for branched-chain amino acid bio
synthcsis. There appears to he a cross-resistance to other amino acid biosynthesis inhihitor 
herbicides. 
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PREDICTION OF RESISTANCE 

So far. the occurrc:nce of herbicide-resistant biotypes of weeds has not, in general, given 
i;se to cri:>es in weed control over large areas. Nevertheless, complacency is an ever-pres
ent enemy. The first line of defence against this type of problem is to attempt to identify 
possihlf: risk situations and to take early avoidance action wherever possible. 

On the basis of experience to date. resistant biotype problems arise where several of 
the following factors coincide: 

I. Repetitive use of a herbicide (or group of herbicides with the same mode of 
action) in annual crop monocultures. or in a perennial crop. or for total weed 
control in uncropped situations . 

., Long period of exposure to herbicide through persistence in soil. 

3. Repeat applications of the same herbicide within a season. 

4. Marked periodicity of weed germination, coinciding with time of maximum 
exposure to herbicide, so that few susceptible seedlings escape. 

5. Weed species producing seed of fast-diminishing viability, so that there is no 
large seed bank in the soil. 

o. Weed species showing large natural genetic variability. 

7. Absence of cor.trol measures other than use of herbicides. 

Auempts are being made to develop mathematical models to study the dynamics of 
populations of resistant and susceptible biotypes. These could then examine quantitatively 
the relevance of many of the above factors and variation within them. They could also 
examine the likely influence of various management strategies to contain the problem. As 
yet, much more detaileu information is required on which to base such models. 

MANAGEMENT STRATEGIES 

There arc many possible components to management strategies which might prevent or 
alleviate weed resistance problems: 

I. Keep records of herbicide use (active ingredient, dose) field by field. 

2. Be vigilant for development of resistant biotypes. 

3. Rotate crops. maximising variety of methods of weed control. 
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4. Ohtain greatest return from herhicide usage by concentracing at times when 
weed presence interferes most with crop culture and harvesting. 

5. Use as low a dose of herbicide as possible, but try to avoid using successively 
increasing doses which raise selection pressure. 

b. Avoid repetitive application of herbicides with long persistence in soil. 

7. Follow cautious approach to use of 'packages' of broad- spectrum herbicide 
with genetically engineered crop variety resistant to the herbicide where this 
encourages continual use of the same herbicide. 

8. Rotate herbicides, employing compounds with different mechanisms of action. 

9. Use mixtures of different dasses of herbicides. 

10. Use synergists, if available. 

I I. Plan herbicide usage on knowledge of cross-resistance patterns. 

12. Maintain availability of a wide choice of herbicides for major crops, retaining 
old ones as well as developing new. 

13. Use mechanical or biological methods of control as alternatives. 

14. Do not transfer seed of resistant biotypes to other fields and farms. 

15. Integrate all methods of control into a cohesive and efficient planned pro
gramme. 

ACTION ON HERBICIDE RESISTANCE ISSUES 

There is need to increase awareness of the potential importance of weed resistance 
problems and measures which may need to be taken. One promising step has been the 
formation in 1989 of an industry-based Herbicide Resistance Action Committee under the 
auspices of GIF AP (International Group of National Associations of Manufacturers of 
Agricultural Products). This Committee has members from Europe, North America and 
Japan. The avowed aim is to make a concerted effort to prolong the effectiveness of 
herbicides liable to encounter resistance problems and to limit crop losses during emer
gen~e of resistance. It has set up tecimical Working Groups and is also tackling issues such 
as: 1) how to communicate and interact effectively with academic researchers, govern
ments, regulatory bodies, extension workers and farmers; 2) how to play a major role in 
educating farmers and growers; 3) how to gain further understanding of herbicide resist
ance hy commissioning fundamental research directly from selected institutions and 
universities. 
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ABSTRACT 

Thailand is one the major exporters of rice. Around 25 per cent of the rice production in 
Thailand is exported. As a foreign exchange earner rice growing is becoming more and 
more sophisticated. Both rice resistant varieties and the effectiveness of appropriate 
insecticides are studied in detail in Thailand. The paper discusses various rice varieties 
introduced into the country, the control of different insects, and resistance problems to 
insecticides used on rice. 

GENERAL INFORMATION 

Rice has been the staple food of Asia for centuries. The total rice growing area in Thailand 
is 9.36 million ha in the wet season and 0.73 million ha in the off season. The average 
production was 19.4 million tons in the crop year 1988/1989. 

The highest export of rice from Thailand was 5.212 million tons in 1988. Approxi
mately 11 % of rice yield was estimated to be reduced annually by damage owing to pests 
including insects, dise~ses and rodents [I]. Insects were considered to be of most import
ance (Table 1 ). To solve the insect prohlem, insecticides [2] are widely used by rice farmers 
(Table 2). The farmers <ilways use insecticides in the case of sudden outbreaks. 

The large scale use of insecticides in Thailand started in 1967 when the outbreak of 
the yellow orange leaf virus occurred [3]. Carbary! insecticide was later recommended for 
controlling the disease vector, Nephotettix virescens [4). At least 17 insect species have been 
reported lo be major pests in rice, but the important species are brown planthopper (BPH), 
stem borers, rice gall midge, leaf folder and leafhoppers. 

After 1907 many other insecticides were introduced for farmers use including granu
lar formulations of insecticides such as BHC '.•.'hich was banned later and replaced by 
carbofuran. In 1969, rice hybrid varietic:; ROI, RD2 and RD3 were released in order to 
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solve the ydlow orange leaf virus oroblem. From the three rmx.km photo-nun sensitive 
varietie:-.. RD 1 was the most popular hecause it produced high yield and was able to grow 
all year round. 

Four year:. later. the first o:.ithreak of the brown planthopper (BPH; Nilupam1ta 
lubem) occurred in a large area in the central plain of Thailand where rice was intensively 
grown. Foliar sprays of carbaryl insecticide proved insufficient for BPH control. Then the 

TABLE I 
Damage of rice fields by various pests in Thailand during 1984 - l 988a 

Pest Total damage are~ (ha) 

1984 1985 1986 1987 1988 

Insect 578,650 4b3,87 I 364,890 694,321 847,380 

Disease 2M,333 376,580 120,486 273,846 270,080 

Rodents and other 478,019 6 70,596 792,851 367,716 172,987 

Total 1,321,002 1,511,()47 1,278,227 1,335,883 1,290,447 

aSource = Data from Department of Agriculture Extension [I). (DOAE} 

new carbamate insecticides such as isoprocarh, fenobucarb and metolcarb were introduced 
and they very effectively controlled the msect. The use of motorized dusters with long 
plastic hoses was also introduced to control the BPH at the flowering stage of rice. The 
use of dusters was not only hazardous to the operators and beneficial insects hut also 
increased residue problems. A few years later, the BPH problem was significantly de
creased hy the introduction of BPH resistant ric~ varieties, namely RD2 I, RD23 and RD25. 
However. these varieties were found later to he very susceptible to rice blast disease. 

In 1987, the government released a new rice variety, namely Su pan 60, and the variety 
was first believed to he moderately resistant to thl.! brown planthopper. At the same time 
the price of rice has significantly increased due to world demand. Supan 60 variety was 
widely adopted hy farmers because it produced high yield and good grain quality. In 1989 
more than 70~~ of the rice growing area in the central plain was planted with Supan 60 
variety. Then the big outbreak of the hrown planthopper occurred from late 1989 to early 
1990. The large scale outbreak of the insect was caused hy planting the susceptible rice 
variety Supan 60 and overlapping cultivation of rice. Foliar spraying and dusting of 
insecticidc:s was conducted on a large scale in order to control the insect. It was found this 
time that the serious outbreak of the insect occurred at all rice growing stages, from seedling 
through harvesting. Farmers had to spray many times to reduce the insect population and 
it was found that rice yield from thl.! dry season 1990 was reduced about 70t:;i in the severe 
infestation arc~1s such as Phathumthani and Ayudhaya province. 
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PRESENT STATUS OF INSECTICIDE USE 

In Thailand. most insecticides were locally formulated from the imported active ingredient 
to make the finished product. Importation of insecticides was increa.,ed <ll!ring 1985-1988 
(Table 2). In 1988 Thailand imported total insecticides which cost 45A8 million dollars. 
Organophosphorus and carbamate insecticides were mainly imported. The largest 4uartity 
of imported insecticides was used in rice fidds (about 35~ c) and mainly contained these 
two groups. 

TABLE:! 
Imported Insecticides by Chemical Group. dL:ring I 985- l 988a 

Insecticide Chemical Group Quantity/Year/tons (TG + FP) 

1985 1986 1987 

Organophosphate 4,190 4,492 5,381 5,4b3 

Organochlorine 002 510 835 b24 

Carbamate 917 l,l>60 998 1550 

Pyrethroid 132 16 l 133 226 

Miscellaneous 280 314 1t>2 83 

Bio-insecticides 22 71 49 88 

Fumigant 584 813 457 777 

Total h,747 X.115 8.811 

aSource = Division of Agriculture Regulation, Department of Agriculture (2J 
TG = Technical grade 
FP = Finished product 

The farmers usually use insecticides throughout the country, because they are well 
aware of yiekl losses caused by insects. Farmers in the central plain apply more insecticides 
due to more severe insect damage. More insecticides were used in the dry season than in 
the wet season. In general. severe infestations of insect pe:-its occur in the irrigated area in 
the central region, and more so in the! dry than in the wet season. 

The largest agricultural land in Thailand is rice field. I lowever, the average amount 
per hectare of insecticide used in rice is rdatively low compared to vegctahlcs. During 
1974, when the first outhrcak of hrown planthoppcr occurred. isoproc<irh and and fonohu-
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carh arc the mo~t popular insecticides used to control this in~ect. Farmers applied 
insecticides \\hen tht:y found th:! damage but on average only :!-3 time~ per season an<l 
using only half 1 •f the officially recommended dosjges. Other popular foliar insecticides 
were monocrntophm and methyl parathion which were heing U'.'led against many insect 
'.'lpecies. Carbofliian. a granular formulation is also used in all regions. boprocarb an<l 
fenobucarb were popular only in the central region where severe outbreaks of BPH 
occurred. 

RESISTANCE OF INSECTS TO INSECTICIDES 

Since the first severe outbreak of the BPH in the central region of Thailand in 1974. 
isoprocarb was a well known insecticide for controlling the insect. During the last few years. 
however. farmers from the central plain claimed that it was less effective for controlling 
BPH. So the insecticide susceptibility level of BPH was first determined in 1975 (5), which 
data are shO\'rn in Table 3. In 1977, a BPH population collected from central Thailand was 
also studied in Japan [b]. 

TABLE3 
Insecticide susceptibilities of BPH from different trials 

Insecticide LO 50 (pg/g) 

Carhofur:rn 0.0030 

Isoprocarb 0.0121 ().(J009 0.2770 

Monocrotophos 0.0200 0.03i4 

Metolcarb ().()304 0.1)140 

Carharyl 0.0228 0.0015 0.2270 

Fenohucarb 0.0335 

aPimsaman and Budhasamai [5] 

'Trial conducted in Japan hy Nagata [6] from the population collected from central 
Thailand. 

'Data obtained from male macropterous form collected from Chainat, Central Thailand 



TABLE4 
Topical LDso values of the Brown Planthopper as compared between different locations in Thailand in 

1986-1987-1988 ( LDso : ug/g)a 

Central parth Northern parth Screen House 

Insecticide Pathumthani Chachoengsao Pitsanulok Rice 

Research Center 

1986 1987 1988 1986 1987 1986 1987 1986 1987 1988 

carbofuran 0.379 0.507 0.6475 0.293 0.917 0.260 0.532 0.318 0.038 0.2931 

carharyl 2.749 2.076 2.8604 3.559 2.753 2.738 2.233 2.606 0.433 1.5396 

fenobucarb 2.083 2.412 9.579 6.853 2.558 4.60 I 1.740 0. 904 3.7730 

isoprocarh 1.741 2.219 3.6792 5.846 5.546 2.353 1.461 1.251 2.9875 

monucrotophos 1.822 1.798 2.2352 1.886 1.038 1.412 0.734 1.232 0.113 2.0362 

malathion 32.853 18.992 82.2953 66.278 47.997 17.09 46.220 17.09 33.4381 

aBPH were colkcted from the pa<l<ly fields in Thai lane.I. They were reared on susceptible variety RD 7 rice seedling at 28 :t 1°C. The 
fourth generation (F 4) of macropterous females, 3-4 <.lays of adult, were tested by a technique in the Recommendations of FAO/IRRI 
Workshop on Monitoring Susceptibility Levels of Rice Insects to lnsecticic.lcs. 

bin the Central area insecticides were applied aroun<.l 2-3 times/season and in the northern part were only occasio.rnlly applied. 

"" ~ 
0 
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Tht: popubcion h!sleJ in Japan was more! susceptible to insecticides. especially to 
isopmcarh anJ carha~·I. The same study was made again in 198.J and showed an increase 
in LD 50 valu·~ tlf all insecticides in the test, compared to the result of 1975. 

In February 1%3 an FAO/IRRI Workshop on Judicious and Efficient use of Insec
ticides on Rice wa.-. neld. Thiny-eight scientists from 14 countries met at IRRI and 
JbcusseJ common problems of insecticide usage. In this workshop. the possibility of 
multiple insecticid~ resistance among major rice pe\ts was indicated. Thus. F AO and IRRI 
held a second workshop in November 1984 to develop an International Network Project 
on Monitoring Susceptibility levels of Rice Pests to in.-.ecticides (7). So a joint Thai - IRRI 
study on development of insecticide resistance was conducte<l following the method 
recommended by an FAOJIRRI work.\hop in 1985. In the first experiment (8) the LD 50 
values of in.,ecticides wer ..! slightly different between two loc-.itions of the central plain. 

In 1980-1988 the long-term experiment which used the recommended method by 
FAO/IRRI was performed (Table 4). BPH were collected from the two growing areas. 
The central part of the country (Pathumthani and Chachoengsao province) represented 
the high insecticide use area and the nonhern part (Pitsanulok Rice Research Cemer) 
represented a low insecticide use area. Populations of BPH from 2 locations were com
pared with the greenhouse population. The fourth generativn (f4) of macropterous 
females. 3-4 day old adults. were used for testing. Six insecticides from the carbamate and 
phosphate groups were studied. It wa.' fol!!ld that LD 50 values in the brown planthopper 
of carbofuran insecticide boch from the central and northern areas and the greenhouse 
were not much increa.'ied from 1986-1988 (Tahle -1-). This indicated that the BPH was not 
ie!'listam ro chis insecticide. However. the Chachoengsaostrain (Central area) LD50values 
for carbofuran in 1987 were increased 3.13 times compared with 1986. 

LD50 values for carbofuran. carharyl. fenobucarh. isoprocarb. and monocrotophos 
were of a similar order across the three locations. whereas LD 50 values for malathion 
fluctuated hetween these sites. However. the LO 50~ of the Chachoengsao strain for 
carbaf)-1. fenohucarh and isoprocarb were higher than at the other locations. which indi
cared that BPH were more resistant to those three insecticides in that area than at the 
others. Comparing the resuhs from 1986-1988with the experiments in 1975. 1977 and 1984 
(Table 3). LD 50 values for strains from all locations for all insecticides had increased, 
indicating chat the BPH had developed resistance co these insecticides. 

RESISTANCE PROBLEMS 

The first insect which !'>howed the possibility of developing resistance to insectides wa.li BPH, 
probably for the following reasons: 

I. Too fre4ue111 use of insecticidr~s . 

., Wrong application techniques. 

J. lJn~uitahle timing of applications. 

4. l)se of too low a dosage. 
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5. Pyrethroid insecticides were also u~cd \\ hi\:h pruhahly increa~ed the population 
uf insecb (resurgence) .. 

b. Tank mixing is a common practice hy farmers. which sometimes decrea.-.ed the 
efficien~·v of insecticides. 

FUTURE l'iEED A.'D WORK Pl.Al\ 

The International Network Project on monitoring susceptibility levels of rice peMs to 

insecticides should be continued. Researchers and technicians are also needed, to be 
trained to use laboratory equipment which is necessary for conducting the LD 50 test; 
experimental error will be reduced by using experienced and well trained personnel. A 
meeting of collaborators involved in the monicoring activities in the necwork countries 
should be held regularly in order to discuss the progress of the work and associated 
problems. 
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ABSTRACT 

Cotton is the major contributor to foreign exchange earnings in Pakistan which ranks 
among the leading exporting countries of the world. In Pakistan cotton alone is attacked 
by more than 150 species of insects and mites. The paper describes the status of pesticide 
use and how organophosphorus (OP) and synthetic pyrethroid 
(SP) combinations dominate cotton treatment. Pest resistance to man-made chemicals is 
becoming a problem and priority should be given to scientifc analysis in order to solve this 
problem especially with regard to treatment of cotton. 

BACKGROUND 

Pakistan, a south Asian country, is located at 61-75°E longitude a1.J 24-37°N latitude. This 
territory is a region of diversified relief, with mountains to the north and west; and arid and 
semi-arid expanses to the south and east. in the centre is a flat fertile plain, fed by the River 
Indus and its tributaries, covering approximately 120,000 sq.km. It has an alpine climate 
in the north-western mountain ranges and low irregular and extreme temperatures in the 
plains, with most of the rain in summer in the range of 120-250mm in the south, 300mm in 
the middle and 600-IOOOmm in the north of the country [I]. 

Agriculture is the mainstay of Pakistan's economy. It accounts for 26% of Gross 
Domestic Product (GDP), employs 54% of the total labour, supports directly and indirectly 
70% of the population for their sustenance, contributes 80% of foreign exchange earnings 
(36£k through export of agricultural primary products and 44% agro-based industrial 
commodities), and provides raw materials for major industries like cotton textiles, sugar 
and several medium/small scale industries [2). 

Today Pakistan is the world's ninth most populous nation. with over 110 million 
people. Almost 75% of the population lives in about 45,000 farm villages. The literacy rate 
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in Pakistan remains very low and was approximately 2b percent of tht" entire population in 
1981. In the rural areas it was only 17 percent and in the urban areas 47 percent (2). 

Pakistan has about 30 million hectares of cuiturable land ranking 32nd in the world. 
Out of 30 million hectares of cultivable land, about 20 million are under cultivation. At 
present it hardly produces 20% of its production potential of fielJ crops. Cereals, sugar
.:ane, oilseeds and cotton occupy 95~"(; of cropped area (3). 

Despite the impressive performance of agriculture. the sector has still tu fulfil its 
promise. More particularly, yields per hectare of most of the crops are substantially below 
the perceived potential; yields of progressive farmers are also well below the average yields 
in more advanced economies of the world. The main limiting factors in food production 
in Pakistan are the high rate of population growth (Jl)( ), low yields, water logging/salinity. 
and passiveness in the adoption of technological advances particularly the use of inouts 
(seed, fertilizer, pesticides) and :m inefficient pest management system. 

COITON AND COITON PESTS 

The cotton crop of Pakistan consists of both the Gos.\)pium urboreum, and G. hirsutum, the 
latter being introduced in 1914.but now occupying 95t;i of the area grown. Cotton is our 
most important commercial crop and Pakistan usually ranks among the biggest producers 
of cotton in the world. The quality of the crop is good and it is usually regarded as the 
strongest cotton of its class. Pakistan has also a well established cotton textile industry 
which accounts for about 28% of the country's total industrial production [4]. 

Cotton also is a major contributor i:O foreign exchange earnings of Pakistan and ranks 
amongst the first three top cotton exporting countries of the world. In Pakistan cotton is 
grown on about 2.5 m ha with an annual production of about 9.0 million bales. However, 
per unit area output of cotton is very low. Insect pests and diseases particularly put a great 
pressure on the productivity of the crop [5]. 

Compared to any other crop, cotton is reported to host the maximum number o( 
insects throughout the world; mainly because it is grown in warmer climates which are ideal 
both for the host (cotton) and the pest. Thus, insects have a maximum numher of 
generations per season providing an excellent opportunity for huild up of resistance to 
pesticides. The higher the number of generations, the higher will he the selection pressure. 
Compared to this situation the development of pest resistance takes longer under colder 
conditions. 

Pakistan, with its warmer climate, is faced with a similar situation for build-up of 
pesticide resistance in the years to come. It is reported that over one hundred and fifty 
insect and mite species infest cotton in Pakistan (6). The major insect species infesting 
cotton are Pectinophora go.H)piellt1 (Saunders), £arias insulana ( Boisduval ), £. ritella ( F.) 
(£. fabia Stoll), Sylepta derogata (F.). Heliothi'i annigera ( Huhner), Amrasca ( Empoasca) 
devastans (Dist.), Bemi'iia tabaci (Genr.1.), Gryl/us himaculatm Deg. and Tetranychus unicae 
Koch (T te/arius L.) [7J. A detailed list of major, minor and potcncial insect pests of cotton 
is shown in Annex I. 

The extent of damage to cotton hy insects is highly variable from year to year 
depending on seasonal variations and pest management efficiency. particularly the u'e of 
pesticides. Vaughan [8] conducted an experiment and showed that whitefly and jassid 
without control, reduced the yield of cotton hy ahout IOCk but bollworms by almost 57%, 
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and both pests together reduced the yield by 8390. In recent years the status of the pest 
complex has changed be<..-ause of extensive use of pesticides. Sucking insect ( whitetly, jassid 
and aphids) have become major pests. 

PESTICIDE USE STATUS 

In Pakistan the use of pesticides for pest controi started in 1954 with the import of 250 mt 
and the Government continued subsidising imports until 1980 when the marketing of 
pesticides was completely entrusted to the private sector. This major shift in policy paid 
dividends as evidenced from consumption of pesticides which has steadily increased over 
the past 9 years (Table l ). In Pakistan insect pests remain active during the greater part of 
the year owing to long summers, therefore, insecticides predominantly (up to 85% of 
pesticide usage) are used (Table 2). Of these insecticides, organophosphates (OPs) are by 
far the most popular group. owing to their high efficacy, wider spectrum of activity and 
lower costs. It is estimated that annually they share about 60% of local imports (Table 3). 
Monocrotophos, dimethoate, methamidophos, triazophos, phosphamidon, methyl para
thion and formothion are some of the popular products belonging to the group. The first 
three are systemic in action, and provide very effective control of sucking pests of cotton 
and other crops. 

Though synthetic pyrethroid pesticides (SPs) were introduced in Pakistan in 1981 for 
controlling the bollworm infestation, it was felt that for effective control of the two pests 
(sucking and bollworm species) which overlap in most cotton areas, mixing both OPs + 
SPs was necessary. Therefore, when a combination of OP + SP (Polytrin-C) was mtro
duceu in 1982, it caught public attention at once and sales steadily increased (I able 4 ). SPs 
are comparatively expensive products (2-3 times higher than OPs) but possess the advant
age of oeing effective at very low dosages. Therefore, during 1989 as a single component 
they captured only 11 C:i quantitative share of the local pesticide market whereas they 
apportioned 24c;(. of the import bill. However, combinations of SP with OP's respectively 
captured 34 & 6Y/C quantitative and value-wise share of the market depicting their wide 
acceptance oy the local farming community. If the pattern of pesticide usage during the 
past 5 years is analysed it emerges that 40% of the market belongs to just 13 OP products 
and one organochlori~e (QC) insecticide. At the same time combinations of SP's + OP's 
(mainly with cypermethrin) occupy 33% of the pesticide market. 

PESTICIDES RESISTANCE PROBLEMS 

In PakisLan, in a<ldition to unethical marketing, the socio-economic factors favouring 
µesticide aouse are Jack of education and awareness and ineffective implementation of 
pesticide regulations due to inappropriate institutional set-up of both regulatory/supervi
sory mechanisms and research/training resources. Generally usage of broad spectrum 
persistent in:-.ccticides has hecome a powerful selective force for any trait in arthropod 
populations that would allow survival. Not :mly did resistant strains of former pests begin 
to predominate hut arthropods which had oeen of minor significance in the crops became 
prominent pests hecause of ecological disruptions. This led to insect pest resistance, 
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outbreaks of secondary pests, resurgence. advase effects on nun-target urganbms (natural 
enemies of pests) and human/animal health hazards. Resistance in various insect species 
or insect strains develops due to indiscriminate use of pesticides or const;rnt use of the same 
pesticide in the field or ~election pressure in the laburatol)·. These factors greatly increase 
the level of tolerance in the particular pest strain concerned. The phenomenon is bio
chemical and genetical. 

Resistance to pesticides and cross resistance together with its rapitl development are 
the most alarming features. Resistance was originally demonstrated in 19 i4 by Melande 
in sanjose scale to lime sulphur. Some 70 years later in I 984 the recorded resistant species 
numbered 428 representing 14 genera and 83 families of insects and mites of which o I are 
of agricultural importance. Among mos4uitoes. 96 species have heen reported resistant to 

one or more groups of pesticides [9). Among these, 36 were resistant to one group. 32 to 
two groups, 19 to three groups, 8 to four groups and only one to all five groups of pesticides. 
One of the earliest reports is that of Chattoraji and Brown [IO). Of the 23 species of 
agricultural pests known to resist insecticides in China, 4 are cotton pests, 4 rice pesb and 
5 are pests of brassicae [I 1 ]. 

Very little work has been done on pesticide resistance in Pakistan and this relates to 
the health sector. Several workers from Pakistan have reported resistance of house flies, 
mosquitoes and Dro.mphila [ 12). 

Bishara [ 13) initiated studies on pesticide resistance to insect pests of cotton using 
several bio-assay techniques. The sensitivity of E. rite/la moths to topical application of ten 
insecticides was tested ir. the laboratory. The results showed that four pyrethroiJs stood 
as a distinct group compared to the three conventional groups of insecticides used Juring 
the previous two decades. The toxicity ratio of pyrethroids to OP-compound Jicrotophos 
varied between 70-271 fold in the case of fenvalerate and 198-412 fold in the case of 
permethrin. The weakest pyrethroid was 11 fold more toxic than carharyl and 55 fold more 
potent than monocrotophos. Both OP compounds were most commonly used for control
ling bollworm infestation in Pakistan. 

Bishara [ 13) further tested the sensitivity of pink bollworm, P. gos.\ypiella SaunJ, a 
major cotton p~st in Pakistan, against six insecticides applied topically to full grown larvae. 
Based on comparing L050 values, the pyrethroid cypermethrin t'.XhihiteJ 10 fold more 
toxicity then fenvalerate of the same grol!p, 135 fold more than the OP-compound mono
crotophos and 5b8 fold more than the chlorohydrocarbon, endrin. The tolerance to 
monocrotophos can safely he attributed to the fact that Nuvacron and Azodrin were the 
most common compounds used by progressive farmers in the region. Exposure of the 
insect to sublethal doses and improper application of insecticides can be the major reason 
for development of such high levels of resistance to these potent chemicals. A possihle 
explanation of the high tolerance to endrin ( 134.2 pg/g.b.wt.) is the hiochcmic:.11 changes 
occurring in the fat content of the pink hollworm larvae late in the cotton season and early 
in diapause. It has been shown that the increase in the level of resistance to cndrin 
coincided with a remarkable increase of 58£/C in the unsaturated fatty acil.i content of the 
insect lipid. Bishara [13) reported high resistance levels to endrin and toxaphcne in pink 
bollworm larvae late in diapause. 

Similar sensitivity studies of different groups of insecticides on armyworm Spodoprera 
lirura (F.) showed that three tested pyrethroids and the carhamatc methomyl were much 
more toxic than the three organopho'lphates. Among the pyrcthroid group. cypcrmcthrin, 
based on LDso values, was respectively 6.43 and 21.15 fold more potent than perrncthrin 
and fenvalerate. Toxicity ratio of cypermethrin to the OP compound monocrotophos was 
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477 fold. Such a remarkable level of tolerance of S. liwra larvae to monocrophos might be 
attributed to the extensive use of Nuvacron and Azadrin in the past. The ability of closely 
related Spodoptem spp. to develop resistance to monocrotophos has been reported. 
Vaughan [8) also reported the appearance of mites on cotton due to use of carbaryl. This 
phenomenon was also reported in the rest of the world because of the ineffectiveness of 
carbaryl against mites in general. He also observed that aldicarb, disulfoton and a mixture 
of disulfoton +DDT also lost their efficacy against cotton pests, which was interpreted as 
resistance of the cotton insects to these pesticides. 

Earlier pesticide resistance indications were also reported by Baloch [ 14), where the 
use of endrin and malathion completely failed to kill army worm (Spodopteru spp.) on wheat 
because of the prolonged and continuous use of these insecticides in Pakistan. 

By measuring higher levels of esterases in the body of the insect, Jabbar [ 15] reported 
that cotton aphids have developed resistance to OP compounds. Baloch (unpublished) has 
also interpreted increases in the dosage of dimethoate as an indication of the incidence of 
resistance in thrips and whitetly on cotton in Pakistan. 

CONCLUSIONS 

The above alarming indicators of pesticide resistance in the various insect species in 
Pakistan, which are mainly due to inappropriate application of pesticides, need priority 
attention of the Government of Pakistan in order to start systematic planning and studies 
to follow up th~ situation. If due attention is not given at this stage, Pakistan is going to 
face a disaster in the world cotton market. Similar situations have been faced in Sudan and 
other African countries where 20 to 30 sprays of insecticides could not achieve effective 
control of cotton pests because of the build-up of resistance and cross resistance. The 
Government of Pakistan has to take major steps to slow down the build-up of pest resistance 
to pesticides hy regulating the application of appropriate chemicals (rotate the type/groups 
of pesticides), creating awareness among farmers and estahlishing institutional set-up for 
research and training. 

REFERENCES 

1. Government of Pakistan. Report of the National Commission on Agriculture, Min
istry of Food and Agric., Islamabad. 1988, 644 pp. 

2. Government of Pakistan. Economic Survey 1988-89. Finance Division, Economic 
Adviser Wing, Islamabad, 1989. 

3. Government of Pakistan. Agricultural Statistics of Pakistan 1988-89, Ministry of 
Food and Agriculture, h:lamabad, 1989, 289 pp. 

4. Afzal, M. & Mahhuh Ali. Cotton Plant in Pakistan. Ismail Aiwan-i-Science, Shahrah
i-Roomi, Lahore, 1983, 542 pp. 

5. Quazi, M.H. & A Baig. Cotton yield rises in Punjab, Static in Sind. Daily Dawn of 
28 July 1990. 



249 

6. Shabbir, S.G. Cotton pests,their distribution and seasonal prevalence. Seminar on 
insect pests of cotton. Pakistan Central Cotton Committee, Karachi, 1973, 49-61. 

7. Mohyuddin, A.I. A Review of Biological Control in Pakistan. Proc. Second Pakistan 
Congress. Zool., 1981, 31-79. 

8. Vaughan. M.A. Cotton pest management in Pakistan-Terminal Rep0rt. Food and 
Agriculture Organization of the United Nations, Multan, 1978, 34-35. 

9. Georghiou, G.P. & R.B. Mellon. In: G.P. Georghiou and Saito (Eds.) Pest resistance 
to pesticides, 1983, 1-66 and 769-792. 

10. Chattraji, A.W. & AW.A. Brown. Internal DDE production by normal and DDT 
resistant larvae of Aedes aegypti. J. Econ. Ent., 1960, 53: 443-455. 

11. Tsang, Z.H., K. Y. Gong & S.P. You. Present status and counter measures of insec
ticide resistance in agricultural pests in China. Pestic. Sci., 1988, 23: 189-198. 

12. Khan, M.F. & M.M.H. Baig. Pest rt.sistance to insecticides. Pakistan Agriculture, 
1988, 15-17. 

13. Bishara, S.I. Cotton Entomology-Terminal Report. Food and Agriculture Organiz
ation of the United Nations, Multan, 1982, 6-35. 

14. Baloch, U.K. Annual progress report of the Entomologist. Agricultural Research 
Institute, Tarnab, Peshawar, 1964. 

15. Jabbar, A. Annual progress report of Entomological Labs, Pakistan Agricultural 
Research Council, Islamabad, 12pp. 



TABLE 1 "" IJl Quantity (m/t a.i) and Values (m/rs.) of Pesticide Imports during 1981-1989 0 

1981 1982 1983 1984 1985 1986 1987 1988 1989 

Quantity 905 1320 1557 2517 3489 4112 4428 3759 4460 

Annual growth % 46 33 45 39 18 8 -15 19 

Growth from 46 94 178 286 354 389 315 393 
1981 % 

Value 204 339 626 1255 2278 2791 3290 2657 3642 

Annual growth % 66 85 100 82 23 18 -19 37 

Growth from 66 207 515 
from 1981 % 

1017 1268 1513 1203 1685 



TABLE2 
Consumption of Pesticides in Pakistan during 1981-1989 (m/tons a.i.) 

Pesticides 1981 1982 1983 1984 1985 1986 1987 

Insecticides 724 932 1431 2172 3083 3642 3881 

Fungicides 132 161 172 212 224 273 251 

Herbicides 34 94 119 90 114 165 250 

Acaricides 2 3 6 31 60 15 6 

Nematicides 9 

Rodenticides 1 1 1 1 2 5 3 

Fumigants 3 68 28 11 6 12 36 

Others - - - - - - -

Total 905 1320 1757 2517 3489 4112 4428 

1988 

3198 

242 

317 

2 

-

3759 

1989 

3735 

326 

380 

3 

15 

4460 

'"" Vl -



....., 
TABLE3 VI ....., 

Consumption of Synthetic Pyrethroids & their OP Combinations 
(Quantity in m/t formulation and value in m/rs) 

Year Singles Combinations Total 

Quantity Value 

Qty Value Qty Value Total Annual Total Annual 
Growth% Growth% 

1981• 50 8 - - 50 - 8 

1982 202 78 52 13 254 407 91 1040 

1983 336 161 532 212 868 242 374 2579 

1984 458 290 628 203 1086 25 493 32 

1985 759 1127 1175 362 1934 78 1489 202 

1986 1856 1138 1546 551 3402 76 1689 13 

1987 2026 1046 2467 901 4493 32 1747 15 

1988 .. 1197 641 3146 1320 4361 - 1961 1 

1989 1573 861 3463 1458 5036 16 2319 18 

•Figures for single for 1981 approximate .. The trade generally discouraged sale on credit 
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TABLE4 

Comparison of Consumption of certain Pesticides Groups during 1985-1989 (M/t. a.i.) 

Name of product 1985 1986 1987 1988 1989 

Total pesticides 3489 4112 44~8 3759 4460 

Insecticides 
Dimethoate 406 543 512 409 520 
Monocrotophos 246 383 654 601 744 
Methamidophos 72 118 97 30 129 
Phosphami<lon 48 35 19 21 33 
Me. parathion 114 99 75 37 60 
Fenitrothion 108 82 54 20 8 
Triazophos 151 275 202 95 67 
Acephate 52 29 74 36 
Disulfoton 46 57 41 18 23 
Formothion 27 57 65 44 49 
Pirimiphos methyl 47 84 108 IO 18 
Endosulfan 246 147 103 98 
Trichlorfon 15 24 4 9 
Dichlorvos 18 0.4 41 20 25 

ill!! 1842,4 2088 1448 .1183. 
(38.7%) (44.6%) (47.l6'ft) (38.5%) (39.96%) 

Single SPs 
Fluvalinate 5 0.4 42 
Cypermethrin 60 50 31 20 31 
Fenvalerate 91 41 27 17 18 
Fenpropathrin 70 66 76 12 47 

226 157 134 49 138 
(6.48%) (3.8%) (3.02%) (1.30%) (3.09%) 

Combination or SP + OPs 
Cypermethrin 669 947 941 1156 
Cytluthrin l08 65 137 
Deltamethrin 76 93 
Fenvalerate 31 27 52 
Fluvalinate 40 

669 1086 1109 1478 
(16.3%) (24.53%) (29.50%) (33.13%) 

Fungicides 226 273 251 306 320 
(6.47%) (6.62%) (5.67%) (18.14%) (7.17%) 

Herbicides 114 165 250 337 379 
(3.3o/t:) (4%) (5.64%) (8.96%) (8.49%) 

NB: Groupwise percentage against total pesticides consumed is in parenthesis 
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ANNEX I 

INSECT PESTS OF COTION IN PAKISTAN 

Status Scientific Name Common Name 

Major Pests Pectinophoragon)piella (Saund) Pink bollworm 

£arias insulana Boisd. Spotted bollworm 

£arias vittella ( F.) Spotted bollworm 

Heliothis annigera (Hubner) American bollworm 

Bemisia tabaci ( Genn.) Cotton whitefly 

Sylepta derogata (F.) Cotton leaf roller 

Prodenia litura (F.) Army worm 

Amrasca devastans Dist. Cotton jassid 

Aphis gossypii Glov. Cotton aphid 

Minor pests Sphenoptera gossypii Kerr. Cotton stem borer 

Myllocerus balandu.'i Fst. Cotton grey-weevil 

Af. maculosus Desbr. Cotton weevil 

Nazara viridula L. Green bug 

Chrotogonu.'i spp. Surface grass hopper 

Aiolopus sp. Surface grass hopper 

Dysdercus koenigii (F.) Red couon bug 

Agrotis flammatra Schiff Cutworm 

Amsactu moorie Butl. Hairy caterpillars 

Euproctis spp. Hairy caterpillars 

Potential Pests Thrips tabaci Lind Onion thrips 

Tetranychus spp. Red spider mites 

Oxycarenus laetus Kby. Dusky cotton bug 

Gryllus bimaculatu.'i DeG. Field cricket 

Tarache spp. Cotton semi looper 
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The diversity of environmental conditions and farming systems leads to a great variety of 
weed problems, with more than 700 species from over 70 families and 240 genera repre
sented. More than 500 species are found as upland weeds and more than 100 species as 
weeds in paddy fields. It is estimated than 41.6 x 106 ha are weed infested and that serious 
damage is caused on 9.3 x 106 ha. Loss of grain yield during the 1981-5 period was assessed 
at 1.75 x 107 t per year, with over 50 billion working days per year spent on controlling 
weeds. The history of the chemical control of weeds in China is summarised and the 
herbicides now produced are listed. Some problems in the use of herbicides are explained 
briefly. 

NATURAL CONDITIONS AND WEEDS IN CHINA 

China is a vast country, with a total area of about 9.6 million square kilometres. It extends 
5,500km from south to north, and 5,000km from east to west. Tropical, subtropical, 
temperate and cool temperate zones are included. The topography is complicated, with a 
variety of hills, mountains, rivers and plains. Annual rainfall varies greatly: for example, 
the rainfall is 1,000-1,300mm in the area to the south of the Yangtze River, but below 50mm 
in the northwest region. 

The consequent differences in ecological environment lead to variation in the species 
composition of communities and the distribution of \\<eeds. Thus the major weeds in wheat 
fields are as follows. 

In the Northeastern and Inner Mongolian spring wheat zone annual weeds are of mosl 
importance. The dominant species are wild oat, black bindweed, lambsquarter, willowleaf 
knotweed, crested elsholtzia, hemp-nettle, common sowthistle, barnyardgrass. (A full list 
of Latin names of weeds mentioned in this paper is given in an Appendix, arranged 
alphabetically by common name.) 



256 

In the northern winter wheat zone (from the Huai Ri\er to the Great Wal!) overwin
tering weed,:; are the most important, together with some annual weeds, such as case weed, 
tlixweed, beggar-weeu, nettle-leaf goosefoot and barnyardgrass. 

In the southern winter wheat zone (to the south of the Huai River) the main weeds 
are those which thrive in moist and warm environments. such as blackgrass, giant chick
weed, catch-weed, common vetch, hairy bittercress, bog starwort. polypogon and 
heartweed. 

In the same regions, due to the variation in terrain and altitude, different climates 
and ecological environments are formed, which cause changes in the weed flora. For 
example, on the Yunn:m-Guizhou Plateau, in an area of low altitude the main weeds are 
crowfoot-grass, hilograss, garden euphorbia and other tropical weeds; in the area of middle 
altitude ( 1,800-2,000m) the main weeds are sprangletop, blackgrass and other subtropical 
weeds; in the area of high altitude (above 2,400m) there exist wild oat, catch-weed, common 
groundsel; typical cool temperate zone weeds are found in the area of 2,700-3,000m 
altitude, Sli..::1 as crested elsholtzia, winged knotgrass and tartary buckwheat. 

The following four points are concluded; 

( 1) There are very many kinds of farmland weeds in China; 

(2) Weed species vary with change of longitude, latitude and altitude; 

(3) Weeds grow over a long period, especially in the southern regions where weeds 
germinate and emerge throughout the sea5ons, with consequent serious dam
age; 

(4) Weed distribution is closely related to temperature and especially moisture; i:t 
the region to the south of the Yangtze River the most important weeds are 
hygrophilous and thermophilous but in the north, northeast, northwest and 
Inner Mongolia drought-tolerant weeds are dominant. 

CHINESE TILLAGE AND WEEDS 

China is a large traditional agricultural country, which has 109.35 million ha of farmland. 
The majority of people work in agricultural production, with careful and intensive cultiva
tion adopted everywhere. 

With the change in the degree of latitude, the number of crops, type of rotation and 
cropping systems vary greatly throughout the country. In the northern and northeastern 
rain-fed agricultural zone of China, the main cropping systems involve one or two crops 
per annum, or a three-crop two-year ~ystem and drought-tolerant weeds are dominant. In 
the southern region, where three or more crops are harvested every year, moisture-tolerant 
weeds spread widely, such as purple nutsedge and cogongrass. In the continuously cropped 
spring wheat fields of Qinghai, Inner Mongolia and Heilongjiang, wild oat is the dominant 
weed, causing great damage. 

In the northern spring soybean zone, where one crop per annum is grown, barnyard
grass, dayflower, willowleaf knotweed, lambsquarter, redroot pigweed, cocklebur, black 
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nightshade give a mixed weed community. Weeds germinate on:r a long period in this 
reg10n. 

In the multiple cropping soybean zone of the Yellow River and Huai River Valleys. 
summer soybean is grown. ft is planted after harvesting wheat every year when the weather 
is hot and rainy. Weeds germinate almost at the same time. and cause great damage to 
soybean seedlings. The main weeds at this time are common crabgrass. bullgrass. golden 
foxtail. green foxtail. false daisy and mercury-weed. 

In the southern soybean zone. where various multiple cropping systems are aJopted. 
weed species and their time of occurrence vary greatly. due to differences in soybean 
planting date and previous crop and tillage measures. The main weeds are barnyardgrass. 

Chinese sprangletop. umbrellasedge. bullgrass. false daisy, purple nutsedge and common 
crabgrass. 

In different parts of China. the area cultivated by a sin~le filrmer varies greatly. In 
the Yangtze River Valley, a farmer only cultivates 200-SOom- of farmland. so careful and 
intensive culture is practised and weed damage is minimal. In nertheast China and Inner 
Mongolia. a farmer cultivates more than 1.0 ha of farmland. the cultivation is extensive and 
weeds do great damage. On state farms. cultivation is mechanized. a farmer can cultivate 
10-100 ha of farmland. and damage from weeds is even more serious. 

In general. four points are clear: 

( 1) In the region where three or more crops are harvested every year, intensive 
cultivation is practised, and many kinds of weed species grow and reproduce; 

(2) In continuous cropping, weed damage is very serious; 

(3) Weed damage is more serious on state farms than on small farm holdings; 

( 4) In the remote provinces, such as Heilongjiang, Inner Mongolia, Quinghai, 
Xinjiang, Yunnan and Hainan. weed damage is seriou!-.. 

EXTENT OF DAMAGE FROM WEEDS IN CHINA 

China is a vast country. with various climates, soils and crops, and much variety in crop 
frequency. rotation, and cropping systems. Therefore, there are many kinds of weeds, 
which spread widely and do great damage. Farmland weeds total more than 700 species in 
China. belonging to over 70 families and more than 240 genera. Among them, more than 
500 species are upland field weeds, belonging to more than 50 families and about 160 
genera; the most important belong to the Gramineae, Compositae, Polygonaceae and 
Labiatae. There are more than 100 species of paddy-field weeds, belonging to 43 families 
and 80 genera; most of them are Cyperaceae and Gramineae. 

According to the statistical data of 1981-1985, about 41.63 7 million ha crop land 
suffered from weeds, of which serious damage occurred in about 9.266 million ha (Table 
1). The loss of grain each year was 175.15 billion kg, and of cotton 5.0 million quintal 
( lOOkg); 50-60 billion working days were spent on weed control. Moreover, foreign weeds 
entered China continously: e.g. from 1953-1980, more than 600 weed species were found 
in imported grain, averaging 0.2%. Based on these data, probably 0.5-0.6 million tons of 
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weed se~ds have been imported into China in grain between 1901-198 l. This indicates the 
importance of :-.pread by trade. 

Later, with the transition of agricultural production from a traditional natural econ
omy to a commercial market economy. the evolution of agriculture from traditional to 
modern, the further reform of agricultural management structure, and the reduction in 
number of agricultural labourers, weed damage will become of greater concern. In this 
situ:nion chemical control of weeds becomes more important. 

TABLE l 
The area damaged by weeds and the losses incurred 

Crop Area Area damaged Loss of Rate of 
damaged by seriously 1?( \ield Loss 

4 • 10 
(%) weeds ( 10 ha) weeds ( lO ha) (x 10 kg) 

Rice I.550 380 1.0300 13.4 
Whea1 l,000 267 0.4000 15.0 
Cotton 220 13.3 14.8 
Soybean 200 6b.7 0.0500 19.4 
Corn, Sorghum etc 667 133 0.2500 10.4 
Rape 120 33.3 ().()}()() 7.1 
Peanut 60.7 13.3 0.0100 9.0 
Cane, Beet 60 20 0.0015 8.2 
Vegetables 280 

Total 4,163.7 926.6 l.7515 13.4 

CHEMICAL CONTROL OF WEEDS IN CHINA 

The Development of Types and Production of Herbicides 
The pesticide industry began late in China. For a long time insecticides were the main 
products and herbicides accounted only for a small part (Table 2). 

About 50 herbicidc:!s were introduced into China from other countries. Trifluralin 
was imported in largest quantity, and played an important role in promoting the develop
ment of the herbicide industry and the chemical control of farmbnd weeds. At the same 
time, herbicide production in China began to develop. By 1987, herbicide production 
increased remarkably, the total (a.i.) reaching nearly 30,000 ton. The main products are 
butachlor (2,230 ton), nitrofen (2,350 ton), atrazine (5,220 ton), chlorotoluron ( 13,480 ton), 
2,4-0 (990 ton), MCPA (640 ton), glyphosate. propanil, simetryn, acetochlor and benta
zone. Further highly effective and ultrahighly effective herbicides are in experimentation 
or under development. 
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TABLE 2 
Changes in total amount of pesticides produced in China 

1970 1980 198-l 

Pesticides Production Production Production 
10,000 t l/~ 10,000 t lj·(; 10,000 t o/c 

Herbicide 0.89 9.6 1.66 9.6 0.87 4.8 
Insecticide 7.85 84.6 16.36 84.8 13.61 74.9 
Fungicide 0.38 4.1 1.24 6.4 3.06 16.8 
Others 0.16 1.7 U.04 0.1 0.63 3.5 

Total 9.28 100.0 19.30 100.0 18.17 100.0 

The Dewlopmenl of Chemical Control of Weeds 
The development of chemical control of farmland weeds in China is closely related to the 
development of the herbicide industry and the kinds and quantity of imponed herbicides. 
In 1950, 2,4,5-T was used for the first time in experiments in Heiiongjiang Province to 
control broadleaf weeds in paddy fields. This was the beginning of chemical control of 
farmland weeds in China; in 1959 more than 2,000 ha of paddy fields were sprayed with 
2,4,5-T by airplane to control weeds in Yanshou County, Heilongjiang Province. In 1963, 
2,4-D was used to control weeds by aerial spraying on more than 6,600 ha of wheat fields. 
Later, chemical control of farmland weeds was practised throughout the country. By 196 7, 
the total area on which weeds had been controlled chemically reached 32o,700 ha. From 
the beginning of the 1980s, chemical control of weeds developed quickly and the area 
treated with herbicides increased at a rate of lOt;i every year (Table 3). Provinces with very 
large areas where weeds are controlled chemically •!re Hcilongjiang, Jiansu, Guangdong, 
and Yunnan. As to crops, paddy fields are the biggest area, followed by wheat and soybean. 

Topics requiring further study are: 

(I) the chemical control of weeds in hast-fibre crops, rape, sesame, peanut and 
other ca!'.h crops; 

(2) the chemical control of weeds in cotton, maize and crops grown under plastic 
cover; 

(J) weed control in irrigation/nutrition furrows of cotton and vegetables; weed 
control in heet planted with seedlings in paper pot!;; weed control in tobacco 
seedling cultivation; 

( 4) the chemical control of weeds in vegetable and melon fields; 
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(5) ~cuing up system~ of chemical control of weeds in no-tillage culture: 

( h) the chemical control of weeds in forest seedling nurseries, city lawn~. footh<!ll 
grounds and golf courses. 

TABLE3 
The change in area of cropped land treated with herbicides in China 

Year 1%7 197 4 1979 1983 1984 l lJ85 1987 1989 

Area ( l.000 ha) 327 l,bh7 3,638 4,667 b.hh7 10.000 13.333 13.340 

PROBLEMS IN CHEMICAL CO~TROL OF FARMLAND WEEDS 

Droplet Drift of Herbicide Spray 
An early problem when herbicides were first U!->Cd in China was that 2,4-D drot'let 
evaporation and drift from wheat fields damaged sensitive crops and trees. In aerial 
spraying. 2,4-D droplet drift reached 4,000m, causing serious damage to soybean, sun
flower, vegetables and trees. 

Production of Herbicides 
At present. because of the weak basis of the chemical industry in China, the development 
and production of herbicides are affected. Some herbicides which arc needed in agricul
ture cannot he produced while others are over-produced. For example. the supply of 
hutachlor surpas!->ed the need of the domestic market, hut post-emergence herbicides to 
cor:._ul hroadkaf weeds in hroadlcaf crop fields are lacking. Only simple formulations may 
he available which Lio not alway!-> !'>atisfy the need of agriculture. 

Toxicity and Pollution 
Herbicides have heen used in China for more than 30 years. Although they play an 
important role in increasing crop yields, their effects as artificial chemicab on ecological 
environments have not been fully studied. It is an obstacle to pisciculture i.1 paddy fields 
that thiohencarb and molinate damage aquatic animal species. Another pro~1lem is that 
thiohencarh produces dichloro-thiohencarh in poorly-drained paddy field~;. 

Change of Weeds Flora under the Selection Pressure of Herbicides 
Because of the use of 2,4-D in wheat fieh.ls over a long period of time most broad leaf weeds 
havi.: decreased in numher enormously hut graminaceous weeds and '.!,4-D-re~istant weeds, 
such as crested elsholtizia, hemp-nettle and hlack bindweeds, have incrca~cd in gre.tt 
quantitil·~. causing seriou~ damage. On state farms in Heilongjiang, trilluralin is used year 
hy year in soybean fo:lds. Th!s reduces graminact·ou~ weeds hut hroadleaf weed~. especially 
dayllo'Wcr, hlack nightshade, and hur heggarticks, have hecome urgent prohlcms in pro
duction. 



APPE:\DIX 
Common and Latin 1'iames of Weeds 

Barnyan.Jgrass [ Echillochloa cms-galli ( L) Mcuic. J 
Beggar-weed (Po(rgonum Lfficularc L) 
Black bindweed (Po(\-gomm1 conmlmiu.'i L) 
Black grass (Alopecuru.'i aet1ualis Sobol.) 
Black nightshade (Solwzum nigrnm L) 
Bog starwort (Stellaria afane Grimm.) 
Bullgrass [Eleusinc indica (L) Gaertn.] 
Bur heggarticks (Bidens tripanitu L) 
Case weed [Capsella bursa-ptL'iloris (l.) Medic.] 
Catch-weed ( Galium aparinc L) 
Chinese sprangletop [Lepwchloa cl1i11e11.'iis ( L) Nees] 
Cocklebur (Xanthium strumarium L) 
Cogongrass [lmperata qlimlrirn (L) Beauv.] 
Common crabgrass [Digitaria .'i£111guinalis (L) Scop.] 
Common elsholtzia [Elslwlt::ia ci/iata (Thunb.) Hyland] 
Common groundsel (Senecio mlgaris L) 
Common sowthistle (Sonchus oleraceus L) 
Common vetch ( Vicia sativa L) 
Crowfoot-grass [Dactyloctenium aegJptium (L) Richter] 
Dayfiower ( Commelinu commwzis L.) 
False daisy (Ec/iptu prostrata L) 
Flixwced [Descurainia .mphia (l.) Webb.] 
Garden euphorbia (Euplwrbia hirta L) 
Giant chickweed [Std/aria "'fuatica (L) Scop.] 
Golden foxtail [Setariaglauca (L) Beauv.] 
Green foxtail [Setaria riridis (L) Beauv.] 
Hairy bittercress (Curdamine hir.mta L.) 
Heartweed (Po(rgunum peniwria L) 
Hemp netcle (Ga/eopsis bijida Bot:nn.) 
Hilograss (Paspa/um conjugalllm Bergius.) 
Lamhsquarter (Chenopudium album L) 
Mercury weed (Aca(rpha austrulis l.) 
Polypogon (Po~\pogon higegaweri Steud.) 
Purple nutsedge ((\perus rorumlus L.) 
Redroot pigweed (Anwranthus retroflexus L) 
Small goose foot ( Clu:nopodium serorinwn L.) 
Tartary huckwhcat [Fugopyrum rawricum (L.) Gacrtn.J 
Umbrella sedge (Cyperus iriu L) 
Wild oat (A1·e11'1futuu L.) 
Willowlcaf knotwced (Po~rgonum lnmgeanum Turcz.) 
Winged knotgrass (l'olvgommz nepulense Meisn) 
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION'S (UNIDO) 
ACTIVITIES ON PESTICIDES 

BALASUBRAMANY AN SUGA V ANAM 
United Nations lmlustrial Development Organization 

P 0 Box 300, Vienna, Austria 

ABSTRACT 

Uniled Nations Industrial Development Organization's technical assistance to developing 
countries in the area of pesticides is based on the status of development in the developing 
countries in terms of market size, capability of existing pesticide industry in active ingre
dient manufacture and formulation, research and development activities in newer and safer 
formulations, in development of non-con~entional pesticides, in biological and toxicologi
cal evaluation etc. On a broad basis the developing countries are classified into four 
different categories and as an example, establishment of a pesticide formulation plant in 
Myanmar (Burma) is discussed in detail. 

INTRODUCTION 

Most of the criticisms attributed to pesticides emanate from their misuse, mismanagement 
or mi!'ljudgement. Despite the controversy on the use of pesticiJ~s. it should be borne in 
mind that pesticide inputs are of vital importance to agriculture to ~afeguard food and fibre 
from pests, if we are to feed and clothe the world's evergrowing population which is likely 
to reach six hill ion by the turn of the century. More than two third~ of this population will 
be inhabitating the developing countries (Figure 1 ). 

Over the years, the use of pesticides, among other inputs, ha~ increased the average 
yield of major crops worldwide (Table 1) and this is also reflected in an enormc'·J!'I increase 
in the value of pesticides at the user level during the last 30 years from $1 billion in 1960 
to more than $20 billion in 1989 (source: Wood MacKenzie). 
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Figure I Population projection in <leveloped and <leveluping regions according to UN data 

Crop 

Wheat 
Barley 
Maize 
Rice 
Soya heans 
Rape seed 
Sugar heet 
Potatoes 

TABLE I 
Average yields of major crops ( 1980-1987) 

!980yield 
kg ha- 1 

1987 yield 
kg ha-I 

1,877 2,289 
2,030 2,305 
3,060 3,566 
2,770 3,110 
1,561 1,901 

996 1,360 
29,284 36,640 
12,800 15,857 

Source: 

Increase 
% 

+22 
+14 
+17 
+l~ 
+22 
+37 
+25 
+24 

AG ROW 

While the majority of the developed countries have almost reached the peak i11 terms of 
usage of pesticides and yield per unit area, a greater proportion of the projected increase 
in the use of pesticides will be in the developing wuntrif's, due to their aspirations to 
become self-sufficient in agriculture. 
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CLASSIFICATIO'.\ OF DE\'ELOPl~G COUl'iTRIES 

During the la-.t ten year-.. thae has hecn an increa-.ing number ol re'-}UCSh and en4uirie-. 
to L~IDO from dcvr:loping rnuntries for tc:dmical assistance in U1c area of pesticides. In 
orJer to pro\·ide technical assi-.tance to tkvdoping countries. Ul\IDO has broadly dassi
fieJ them into four categoric-.. 

Calegor)· I 

Calego11· 2 

Catego11· 3 

Catcoon -l h • 

Countries with no manufacture and inadequate u-.age of pe~.ticiJes 

Countrie-. with suh-.tantial pesticide den • .rnd am.I ~11me distribution system 
hut no local proJuction 

Countries with sizeable pesticide markets and local formulation plants hut 
no prnduction of basic pesticides 

Countries with capahilitic-. of manufacture of pesi icides with potemial for 
export and also capable of doing R & D work in ~.\ploitation of local r:.t\\ 
materials 

NATL RE OF UMDO'S TECHNICAL ASSIST.\'.\CE 

B<tsed on the levd of dcvdopmcnt in the country or the regi<rn concerned, UNIDO"s 
technical assistance ranges from simple market surveys.opportunity studie-.. surveys of raw 
m<tterials and 4uality control to research anJ development in pesticide forriulation, 
toxirnlogical evaluation. finding new environment friendly pest:cides, industrial safety, 
eftluent control etc. Technical assistance is provided in the form 1>f advisory services, on 
thc job tr<tining. workshops. expert group discussions, procuring equipment and know-how. 
testing hcally available raw mataials for pesticide formulation, in ... tallation of pilot plants 
leading to inn:stments and private industry participation. 

Catcgo11· I 
To this category hdong the majority of the African countries, a few Asian ant.I Latin 
American countries. whcrc the market is small or agriculture is n,it well organized. Most 
of the pcsticiJ..:s are imported as finished products; supply is unc...:rtain and non-depend
able. LNIDO\ a-.-.iswnce in these countries i-. mainly market :-.urveys and 1'jJportunity 
studic-.. In future these countries will go for small scale rcpacbging/formulation units, 
share market with otha countries and put more emphasis on application technology to get 
maximum benefits fr1>m the meagre amount of pesticides used. 

Catcgor) 2 
T11i-. catq!or) is very important in that thae are many developin~ countric.., with a good 
pestii.:idc markct wanting to d..:vclop their pesticide formulation "" ·h!I' ··~ake use of 
locally availabl..: raw materials and importing mainly active.: ingr . "l ·' Uaflls and 
adju\.;1111s. The higgcst advantage is the tkxihility in buying diffcrc ·c: ..:dients and 
formulating. whc n necdcd. and the introduction of new tcchnolog: 111 making safer formu
lations. 

• 
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Catego~ 3 
Thi-. cah:gory i-. rather 1.:omplicatcd <luc to complcxitie'.'I inrnh 1.:d in acti\ c ingredient 
production an<l L'IDo·-. :1"'.'li-.tancc is cunfinc<l mainly to a fc\\ countric-. \\here the ha-,i~ 
infra-.trlll.:turc cxi'.'lb :rnd to tho-.c who arc planning pro<luct <li\cr .... ification. The tcndcn1.:y 
i'.'I to go for lkxihk multi purptN..' pilot plants whcrc a group of :11.:tivc ingrc<l1ent'.'I ha\ing 
comm:1n to.\ophorc-. could he prot.lun!d. 

Categor~ -I 
Countrie-. in this category hdong mainly to :\sia. Latin America an<l Eastern Europe v.lhl 
in the next Ill - 15 years\\ ill hcrnmc important rnntrihutor'.'I. Thrc1.: later paper'.'> (J.K. Roh. 
S.P. Dhua and Ci. :'\fatoksy) rcprc:-.ent this category. One a<l<litional p•ojcct worth ml!n
tioning i'.'I the e-.tabli"hmcnt of a ·centre of excdlen1..·c' in ln<lia w carry out R l.\: D in 
pc .... ti1.·i<lc formu!atiPn to imro<lucc wettahle pow<lers, water dispcrsihlc granules. hioci<lc 
formulations and al:mc all to train pcr:-.onnd from sm~111/mc<lium -.cale local formulations 
in aspects rd<ite<l to quality control. U'.'le of locally available raw m;,iterials and in indu~trial 
safety. The centre is estahlishc<l near New Ddhi an<l is already u-.c<l as a training centre 
for the Asia rl!gion in formulation technology. 

ASSISTA:\CE TO MYA!\MAR (BLRMA> 

A" u ca-.e hi-"tory. I \\ant to gi\c U:\IDO\ a-."i'.'ltancc in thl.! c-.tahlishmcnt of a pl!-.tici<lc 
formulation plant in Myanmar (Burma). Myanmar by definition hdong'.'I to category 2 am.I 
during thl! prl!-un<l po-.l-\\ur l..'ra Myanmar remainl..'d the rice howl of A .... ia :.t'.'I a major 
exporter of rice. L'nfortu11atcly from th~ ·Ml-. onwanb agriculturl..' .... uffercd a .... ct hack an<l 
the country i .... now ju'.'lt barely able to support ii....df in food production. Ir.puts into 
agriculturi: became almo....t nt:gligihle and u .... c of fcrtiliza/pc'.'lticidcs varie<l and were 
non-dcpi:ndahk due to rclianci: on foreign aid to import such comnw<litic ..... 

In the late l!J71i "·the Go\crnmt:nt of Myanmar rcqu~·stcd U~ DP1LNIDO to provide 
a ....... i .... tance in cstahli"hing a pc..,ticide formulation complex for the production of emulsifi
ahk conccnt rate .... ,'granuk..,, ULhlt ultra-Im\ -volume ft1rmu lation ..... 

Ba .... cd on the crni...um1H1on of pe .... tit.:idc'.'I, mainly in thl! form of c.c. ranging from 
h00.01111 Ii t rl..'s to 1.000.llOO ii trc .... anti a 1 .... 0 lack of expert i .... e in t lie country in pi: .... t ici<le 
formul<1tion. it \\a.., <lccidcd to c ... 1:1hlish. a.., a fir .... t .... tcp. an c.c. plant with <1 ... cope for future 
expansion 10 cm i:r gram. II.'.., and 01hcr sol iJ for mu lat ions. 

In l l)8h '87 \1y<111mar imported 3Jh. lJO:' I it res of e.c. <ll a cost of S.2.h99,4.2h ( Tahli: 2 ). 
mainly in 0.5 litre. I lilrl..' and 2 litrl..' tin container .... and llistrihutcd to the formers through 
coopcrlltiw.... The rt:al dcmant.l \\a.., <1rou11d h00,000 litre . .., hut dul.! lo lack of foreign 
cxchangl..' !'Ill pply 1.·ou Id not 1111..'1..'l t hi.' tk mand. :\fajor crops on which pc .... til"i1k .... werl..' u .... i:d 
arc cotton (ll(}f c ). ril..'e (JO' ()and othi:r:-. ( IW ( ). 

Bask Economk Anal)'ii'i 
In a dl..'vcloping cou111ry \\hid1 imports all its pc..,tici<ll..':o. the folluwing factor .... influenci: 
dl..'ci ... 1rn1 making 

..,;,, i ng:-. i 11 fort..' ign c\changc 
product ion of chcape r pc..,t icidc . .., 
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- tlevdopment of national industry anti expertise 
- availability of pe~ticitles <luring seasonal anti emergency r:ce<ls 
- flexibility to use different pe'.'>tici<les 

In a typical pestici1.k formulation plant the '.'>ale price, broadly spl..'.aking. would be deter
mined bv: 

- variable costs 
- fixed costs 
- margms 

Variable costs are mainly the cost oi ingredients that go into fon:rnlation and the labour 
cost. Table 3 gives typical figure~ for J pesticide formulation plant in Western Europe and 
its adaptation to ~lyanmar. 

TABLE2 
Pesticide formulations imported into Myanmar ( ! 986-87) 

Product 

Phemhoate 50 e.c 
Diazinon 40 e.c 
EPN 45 e.c 
Feni<rothion 50 e.c. 
f(:nvalerate 5 e.c 
Fenvalerate 2.5 ulv 
Kasuuamvcin ei • 

Total 

Fixed costs are covered by: 

- Utilitie-. 
- Waste disposal 
- Maintenance and ~afoty 
- Depreciation 

Margins are maue up of 

- Taxes 
- Duties 
- l11terest on investmt.:nt 
- Licc.:nce foe 

Volume 
litres 

50,848 
56,033 
80,7"2 
80,712 
5h,500 
10,000 
2,000 

336,805 

Imported cost 
css 

:'\.A 
393,912 

N.A 
651.345 
610,200 
105,040 

N.A 

2,699,426 
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- Ikgi ... 1ra1ion rnsb if any 
- \liJJk agc.:nb 
- Profit 
- Tra1bpon ni-.1 

Exceµ• a few itenb unJer variable cosb most of the other items could he home by local 
currency. In \lyanmar, as an example. fonitruthion (50 e.c) W<!-. imported at a cost of 
$8.07;litre. 

TABLEJ 
Formulation co ... 1 h,·:!akdown in percentage in foreign currency 

(f.c) and local current-y (l.c) 

Component'.\ Endosulphan Fenitrothi1111 Cypermethrin 

Active ingrcdiem:-. (f.c) 
Emulsifier ... (f.c) 
Stahilizer:-. ( f.c) 
Solvents ( l.c) 
Raw materials 
Lahels + container tin 
or aluminium (volume (l.c) 
Lahour costs (l.c) 
Quality control and 
storage (l.c) 
Total 

70 
0 
2 
8 

80 

I0(31it) 
"'.) 

JOO 

h8 
10 

0 

80 

10( Slit) 
2 

100 

Producing fenitrothion (50 e.c) in Myanmar was calculated as: 

Fcnitrothion 
Emulsifiers 
Solvent 

Raw materials 

Packaging 
Lahour co-.t 

Total cost 

Direct foreign cost currency savings 

US$3.12 (f.c) 
U.S$1l.Jll (f.c) 
lJS$0.20 < l.c) 

US$0.70 (l.c) 
US$0.50 (l.c) 

US$4.82 

57.6~1c 

Total price of imported fenitrothion (50 c.c) US$65 l,J45 
Price of locally formulated material-. US$274.5h I 

Difference US$J76,784 

84 
3 

5 
92 

6(lit) 
I 

100 
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For otha pesticides the figures arl! given in Tahk 4. Frum these figures one should 
discount nwrgin~ and fixed co~t~ for profits. 

TABLE 4 
Direct ~avings hy formulating pesticidl!s in Myanmar 

Formulation 

Fenvakrate (5 e.c) 
Diazinon (-W e.c) 
Fcnvakratl! (2.5 ulv) 

Savings 
US$ 

320,920 
119,351 
bb,boO 

£(savings in 
foreign currency 

() 7 .0 

51.0 
78.7 

Based on this it was decided to approach the project in the following two ways: 

I. Initially to make standard emubifiahle concentr<:ites in Myanmar hy importing all 
ingredients so that they could be directly used hy the farmers. 

2. Carry out tests on locally available solvents for their ~uitahi;ity for pesticide 
formulation so that imported solvents could be slowly replaced by local solvents. 

While the con~truction of plant started, in parallel five different solvents available in 
t\lyanmar were tc~tcd under a suh-contract arrangement. Table 5 gives comparison of the 
physical propertie~ of these solvents compared to that of xylene. 

From the phy~ical properties superior kerosene is the only sol\\.!llt that could he used. 
Mann-Reformate which has a high aromatic content unfortunatd) has a low flash point. 

The following tests were carried out on superior kerosene to ascertain suitability: 

- Solubility at required concentration on its own and in combination with xylene and 
otht:r standard solvents 

- Formulations that could hi! produc~'d in Myanmar 
- Accelerated swragc tc:"lls 

- Corrosion tests with spraying equipment used in Myanmar 
- Choice of packaging materials 
- Phytotoxicity tests 

Solubilit) 
Diazinon (4Wd. cypermcthrin ( 10'.'i:). fcnvalcrate (5t;,() arc re<idily soluble in superior 
kerosene. Other pesticide.., needed cydohexanone or xylene a.., co-solvents. 

Emulsification 
Emulsific~1tion was tested hy CIPAC method Jh.11 with an exception that the temperature 
wus kept at 20:t I 0 C. The emulsifi<.:i.ltion te"its were repeated hy ~toring formulations for 
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411 dav-. at + 211 "c aml + -W"C. The following formulation-. \\ L·re sdectcd as possihk 
choice-. for Mvanmar. 

Fenitrolhion - 50 l'.c 
Xylene 
Superior kcro ... cnc 
l\011-ionic .. urfactanh 
Epoxidizcd -.oyhean oil 

Diazinon - -10 c.c 
Superior kcro:-,enc 
An ionic/ non-ionic 
surfa.:lants 
l '.pichlorhydri n 

lh.9 
lh.9 
10.9 

53 

5 
") 

Endosulphan - ]5 c.c 
Xvkne 4h.3 
Superior kerosene.: 12.7 
Epichlorhydrin 1.0 
Anionic/non ioni..: '.'>Urfact;rni... 5.0 

<\pl'rmethrin - I 0 e.c 
Superior kcro'.'>cnc ..J2.0 

.\-.kne 40.11 
Anionic/non-ionic surfa~lants 8 

Corrosion on sprn)er equipment and packaging materials 
In Myanmar almo-.1 all li4uid formulations arc -.prayed with hanu hdd sprayers. Therefore, 
it was necessary lo carry out corrosion tests with different pan-. exposed to pesticide 
formulations in the .. prayas. Some of the leathcr/ruhher gaskets. Jrain plugs. piston howl 
and other packing material.. were tested hy storing them at ..JO"C for ..JO Jay'.'> in various 
formulations produo:u. Tht: changt:s in colour. elasticity anu wci~hb were nott:<l. Except 
for fcnitrothion :'ill c.c and dichlorrns 25 e.c the various parts of the sprayer withstood the 
for mu lat ions. 

Among the packaging matcriab PET. tin and lacquered tin were 1.:-.ted for corrosion with 
variou-. '.'>olvent-. anu formulation-. at .JO"(· and le'.'>ted for weight clwnge'.'> after one month 
aml two months. PLT hollks prmcu to ht: the hest for all solvenb an<l formulations \\hilc 
did1lorrns afkctcd tin and lacquered tin plates. 

Stabilit) tests 
The -.tahilitv ot' diff~n:nt formulation-. were tC'.'>ted hv means of an:elcrated :.toral!e for ..JO 
day'.'> at + 21.I"( ·. +..JO"(· and in '.'>Orne ca-.es + 70"C. Ikvclopment of layer'.'> «.luring storage 
was a sign of lkrnmposition of emulsifiers and precipitation or darkening of the liquid was 
a sign of d1xomposition of either cmul-.ificrs or active ingre<lierlls. HaseJ on the accd
eratc.:d '.'>toragc.: tc.:-.h and checking active ingredient content. appea1 ance and emulsification 
tests the fol Im\ ing formulations were: -.elected as suitahlt: choice for Myanmar wilh local 
solve111-.. 

Endosul1>han _,5 c.c 
LnJo'.'>ulphan (%.Y,,:) 

Xylem: 
Superior kcro-.cne 
Anioni~·/1111n-i1111i1: 

surfactants 
I :pichlorhydri 11 

3ti.:qf,( 

..Jt>JO' i 
11.Jh' ( 

5.ow; 
I.OW i 

Cypermcthrin IO e.c 
Cypc.:rmcthrin (lJ.J...J~() 
Superior kerosene 
Anionic/non-ion' i: 
surfactant-. 
Xylene 

10.:'ilJC ( 
4 l.14' ,, 

8.0IV ( 
40.271 '( 
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Diazinon -10 e.c 
Diazinon (97.i.Jr () 
Superior kerosene 
Anionic/non-ionic 
surfactants 

Phytotoxicity 

40.8()£;( 
55. I4C:'c 

Phenthoate 50 ul\ 
Phenthuate ( 91 c~u) 
Xylene 
Superior kerosene 
Raw rape seed oil 

54.95C£ 
1252( l 
l2.5Y:i: 
20.UOt:( 

So far only limited tests have been carried out in the glasshouse. Diazinon 40 e.c·s in xylene 
and/or superior kerosene were tested on beans and cucumber as test plants. 

Plants were sprayed with 0.6C:'c diluted solutions until wet and kept at 2U-2 l 0C in the 
glasshouse. Nu visible phytutoxicity was noted after 5 days. 

Further tests are tu be carried out in Myanmar under field c,mditions. 
While carrying out the solvent tests. UNIDO assisted Myanmar in establishing a plant 

at a green field site at Hwambi about 50 km from Yangon (Rangoon) on the famous road 
to Mandeley. UNIDO has provided a small 200 litre capacity mixa for pilot scale studies 
to prepare new formulations. The plant has now been established under a subcontract and 
test runs have been completed using mainly imported solvents. A laboratory has been set 
up in which further tests will be caried out under Myanmar conditions. 

Other selected projects 
Under category 2, UNIDO also provided technical assistance to Cuba to establish a 
demonstration plant for the production of wettable powders by jet milling technology. 
Under category 3, UNIDO assisted Egypt in establishing a pilot plant for the produc:ion 
of dimethoate and malathion. Prior to commissioning of the plant lJNIDO provided a 
complete safety check list for the plant covering: 

- Process safety 
- Engineering control of hazard 
- Employee safety 
- Fire safety 
- Waste dispo:-.al 
- Medical care/monitoring 
- Storage material handling 

CONCLUSION 

UNIDO is putting greater emphasis on quality and safety in chemical production in 
developing countries. The two self-adhesive stickers shown here have proved popular in 
Asia and with the help of The Government of Finland are in the process of developing 
international safety guidelines for pesticide formulation in developing countries. 



9 QUALITY! . 
1s assurance 

~ is confidence 
(.!;DIC) pays 

Do not compromise on QUALffY 
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. 
1s common sense . 

rf\-... 1s awareness 
~n~ is responsibility 

Give SAFETY a chance 
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UNDP/UNIDO PROJECT - ESTABLISHME:\T OF TOXICOLOGY RESEARCH 
CENTRE 4. D,\FJEOt\, REPLBLIC OF KOREA 

JUl\G KOO ROH 
Toxicology Research Centre 

Korea Research Institute of Chemical Technology 
Daejeon. Republic of Korea 

ABSTRACT 

The Mini~try of Science and Technology (MOST) of the Republic of Korea initiated a 
toxicological testing programme as a national project in recognition of the needs of industry 
as well as the nation. The Government established the Toxicoh>gical Research Centre 
(TRC) at the Korea Research Institute of Chemical Technology ( KRICT) located at the 
Deaduk Scknce Town of Daejeon in 1984 with the co-operation of UNDP/UNIDO. The 
Government on behalf of the project has provided physical facilities, equipment and 
personnel for the Toxicology Research Centre. UNDP/UNIDO has provided indispens
able technical assistance from the project concept formulation to the training of :·aaff which 
began in 1985. The project was successfully completed in 1988. After satisfying good 
laboratory practice (GLP) regulations the Centre acquired GLP clearance from the 
Japar._;se Ministl)'. of Agriculture and Fisheries. The Centre has 55 trained staff and 
occupies 6,000 m2 of floor space and has become the leading Centre in toxicity testing in 
the Republic of Korea. 

INTRODUCTION 

Evalulation of chemical products and pollutants to ascertain their effects on humans as we II 
as the environment has become an important subject in modern society. The study of 
toxicology as well as chemical control reg•ilations were mainly initiated by industrialized 
countrie"i. The scope and requirements of testing had been broadened since the 1960s anc.~ 
as a result, the cost of new product development increased several times. In the Repulic 
of Korea, toxicology and toxicity testing had lagged hehind even though the country has 
achieved remarkable progress in its economy anc.I in science and technology. 
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The country\ chemical inuu~try. especially. the fine chem:cal inuust:--y. has achieved 
SPlllC prog_fl.!'i~ in the last two UCCaUe~ from the stage of importing final proUUCts from 
abrnau. to the .... i!nplc process of intermeuiate production. anu then to the stage of producing 
a few final products and also researching for new compounds. It has also l:'een possible fur 
the country to e-'port some final products and at the same time supply products to meet the 
domestic market at low cost. 

HO\•·ever, unlike the petroleum industry. the chemical industry is small with moderate 
sizl.! capital investment. Therefore the industry cannot afford the capacity to check the 
safety of chemicals produced which is essential for registration and international trading. 
Moreover. with the adaptation of new patent policies by the Government of the Republic 
of Korea in 1987 the industry has had to make an effort toward the research and develop
ment of new rhemicals. 

The Ministry of Science and Technology (MOST) of the Republic of Korea initiated 
a national project for the uevdopment of new chemicals (agrochemicals and pharmaceu
ucal-; ). A toxicological testing programme was selected as one of the essential components. 

The Korea Research Institute of Chemical Technology ( KRICT) established the 
Tmirnlogy Research Centre with Government funds and with assistance from the UNDP 
in 198-J.. The Government provided the facilities. the equipment and the personnel. 

The UNDP has also provided indispensable technical assistance from concept for
mulation to training of staff through the executing agency, UNIDO. The UNDP/UNIDO 
assistance hegan in 1985 with a budget of ahout half a million dollars. It was terminated 
hy the end of 1988. During that period, many short term international experts provided 
a<lvice and a number of staff was trained abroad in reputable laboratories in various aspects 
of toxicology. 

A" a result of the efforts of the MOST, U~DP, and UNIDO the Toxicolobry research 
Centre has hecome the first GLP institution in toxicity testing of pharmaceuticals in the 
Repuhlic of Korea. The Centre is now about to reach an international level of expertise 
and recognition. The KRICT was e:-.tahlishe<l in 1977 by the Government to support the 
chemical industry through research and development activities and it is similar to the 
Shenyang Research Institute of Chemistry. There are seven different divisions and one 
Toxicology Research Centre. 

II. DESIG!'i OF THE 'EW ORGA,IZATIO~ 

I) As~essmcnt of T) pc and Function of the New Organization 
It was n:ry important to ddine the scope of the new organization to he cstahlishc<l 

to ensure un dkctive unll successful operation. In examining the !'!tutus of toxicology 
te!'!ting in highly devdopcd countrie!'! it was found es!'!ential to discu!'!s the preci!'!I! identif i
cation of the function of a toxicology lahoratory with government officials, industriu lists, 
h1horatory dc!'!igncrs and acat.kmic~. Euch has a spl.!cific role to play, l.!.g. the Government 
sem.:-. to enforce the l<1W, to strengtht.:n rt.:gulations and to provide methodology gui<lclincs. 
lnuu-.triali~ts on the other hand. arc actively engaged in rnceting the requirements of the 
rt.:gulatiorl!'! a~ v.cll a-. minimizing the !'!i<le effects of the compo;.ind!'! they develop. However, 
toxidty tc-.ting rcquircs various resource-. of pcr!'!onncl and tht.: ability to muintain special 
facilitic-.. There arc only a few large multirntional chemical nwnufacturers currently 
operating comprehensive tc!'!ting fr1cilitil.!-. for industrial toxicology. These in-house luhor-
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the company. 

Increase in the demand for testing due to new regulations may neces:-.itate that the 
company contact an external commercial laboratory to undertake the additional te:-.ts. 
Smaller companies with only limited testing facilities must resort to the services of external 
laboratories. Therefore, currently there are many large scale privately owned contract 
organizations which are in the business of supporting industrial needs. There are about 50 
in the United States of America, 20 in Europe and 30 in Japan: examples are Hazleton, 
Huntingdon and Pana Pharm. In addition, there are laboratories supported financially by 
groups of industries. Examples of these lahoratones are the Chem:cal Industry Institute 
of Toxicology in the Unites States of America. the Briti~h Industrial Biological Research 
Association in the United Kingdom and the Institute of Environmental Toxicology in 
Japan. Finally academics are more interested in basic research which involves the mech
anism of toxicity than in routine tt:sting. 

Therefore the scope of the Toxicology Research Centre was devised so as to follow 
the contract laboratories in support of the country's industries as well as Government 
needs. 

2) Assessment of Personnel 
A comprehensive assessment programme re4uires substantial resources for training 

and experienced personnel. The personnel must be 4ualified in a wide range of disciplines 
to cover the biological, chemical and physical aspects of the effects of chemicals on man 
and the environment. Their disciplines may include pharmacology, physiolob'Y· pathology, 
biochemistry, analytical chemistry, laboratory animals maintenance etc. Of particular 
importance is the role of the toxicologist whose expertise should he acquired from a 
combination of training and experience. Concern has been expressed at the current 
shortage of these types of scientists, as well as pathologists, even in advanced countries. 

In the Republic of Korea there has been no experience in toxicity testing so that staff 
recruited were graduates of pharmacy, veterinary medicine and biology schools. The 
selected graduates were then sent abroad for training. Also foreign experts were mobilized 
to train the national staff in-house in toxicity testing. Fortunately there was an ade4tiate 
number of key personnel available at universities. Currently there are 20 pharmacy, iO 
veterinary medicine and 30 medical schools in the country. 

3. LaboratOI) Facilities 
The laboratory facility necessary for detailed testing is complex and expensive. For 

toxicology testing. there must he facilitie-; available in which to hou:-.e and handle properly 
the test animals and in addition the instruments for analyses. Also it requires good 
environmental control of animal rooms, constant temperatures and humidity and biologi
cally clean room concepts, particularly for long term studies. The kind of animals required 
for laboratory purpo!;es will influence the design f..:cility. 

For the operation of all these pieces of c.:quipment suffo.:ient sp<.ce must he provided. 
This is in addition to the necessary office space for the laboratory staff, and space for data 
storage and library t~acilitics. For a fully equipped toxicology laboratory, it is suggested that 
a building of sooom- is necessary for a .staff of so professionuls, so technicians and assistants. 

4. Equipment and Laboratory Instruments 
This area pre.sc.:nts no difficultic.:s in the establi .... hmcntof the toxicity te-.ting operation. 

For example, one could simply purcha-,c the same type of i11-,1rumcnts whid1 arc.! u-.cd hy 
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other laboratories . However, it is desirable to select within the budget limitation~. the 
most essential instruments ensuring also that small parts suitable to increase productivity 
are also available. 

Ill. EXECUTION OF THE PROJECT 

The main objective of the project was to establish a capacity to carry out the systematic 
toxicity testing of chemicals at the international level of expertise within the facility in the 
Republic of Korea. Therefore it involved: 

I. Preparation of the facility. 

2. Recruitment and training of key personnel. 

3. Sending the staff abroad for training. 

4. Recruitment of foreign experts. 

5. Procurement of the necessary laboratory equipment. 

6. Carrying out the toxicity testing. 

7. Setting up the operations system. 

After 6 years of active execution of the project, we have been given international 
recognition for the facility and for the expertise and experience gained. However, we had 
to overcome the following problems: 

First: It was hard to synchronize the numerous functions at the beginning of the 
project; construction of the new facility, recruitment of national staff and the 
training. utilization of foreign experts, etc. These probll.!ms became easier with 
the increase of the national staff and support of rhe institu 1e. 

Second: It was necessary to establish a system for managing research projects. The 
srnndardization consisted of : (I) the establishment of a standard protocol 
(experimental plan) for each type of experiment (2) the establishment of 
standard operating procedures for each experimental operation and (3) the 
standardization of an operations schedule. 

Third: We developed a comprehensive experiment management system so that we 
could efficiently assign our human resources, facilities and equipment to diver
sified research projects. Even if a research organization has a capacity to carry 
out a certain research project, an incorrect assignment of researchers would 
bring about unsatisfactory results. Should a research organization he unable to 
undertake any research project, this migl1t result in the poor utilization of 
personnel and fadlitics or a failure ir. management efficiency. 
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We discussed experimental schedules with our clients. paying attention to the 
adjustment of assignments of human resources and facilities to respective 
research projects. This gave rise to the necessity of a comprehensive experi
ment management system which enabled us to find out promptly how all 
projects. including plans, were progressing. 

Fourth: In order to raise output quality and research management efficiency. it is 
indispensable to systemize various factors of research projects for attaining a 
rationalization comparable with industrial manufacturing process control. 
Should this not be done, even a large research market would not be profitable. 

Computerization of data is essential for the accuracy and efficiency of toxicity 
testing. Accordingly, we have been successfully operating an on-line computer 
system after two years of training and preparation. 

In ccnclusion a toxicological testing programme needs properly trained personnel, 
good facilities. and an operational system. 

Our growth in the past was so rapid that we were compelled to build up personnel 
and the facilities through the "patchwork" method. However, we now have a full set of 
necessary testing facilities and an organizational system composed of several units. 
UNDP/UNIDO has played a major role in bringing the TRC to its present capability. 
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The objectives and activities of the Regional Network on Pesticides for Asia and the Pacific 
(RENPAP) and its linkage with the Pesticide Development Centre (India) are described. 
The role of various countries as Technical Coordination Units is explained. 

BACKGROUND 

RENPAP stands for the Regional Network on Pesticides for Asia and the Pacific. <\ 
programme funded by the United Nations Development Programme (UNDP) and ex
ecuted by the UNIDO in association with the Food and Agriculture Organization of the 
United Nations (FAO). the World Bank, the World Health Organization (WHO) an1J the 
Economic and Social Council for Asia and the Pacific (ESCAP). This multi-sectoral 
project is based on an innovative concept of UNDP supporting a regional, inter-Govern
mental cooperative programme. 

The b:i"iic objective of the programme is to bring together a group of Asia-Pacific 
countries having identical problem:' relating to pesticides production. usage and control 
with the sole purpose of solving these through clear identification of the individual country 
problems and by sharing each orhers experiences. The countries participating in the 
programme are Afghanistan, Bangladesh, China, India, Indonesia, Iran (Islamic Republic 
of). Malaysia, the Philippines, Pakistan. Republic of Korea, Sri Lanka. and Thailand. Iran 
(Islamic Republic of) and Malaysia haw joined recently. 



278 

PHASES I AND II OF RENPAP 

During the first two phases (Phase I from 1982-85 and Phase II from 1986-89), the 
project succeeded in creating a spirit of rt:gional cooperation in promoting an intimate 
understanding on the various aspects detailed earlier and also setting up of an organisa
tional structure tc implement and monitor the activities of the _project. Both the phases 
witn~ssed increasing contribution of the member countries and at the end of the second 
phase, the contribution by member countries amounted to about US $894,000 as against 
the UNDP contribution of US $848,644. 

The new innovative approach adopted in this Network project, resulted in develop-
anent of intimate technical cooperation between the participating countries for strengthen
ing the pesticide industry through upgrading of knowledge and skill in the targeted areas. 
The linkage with the country programme, namely, the Pesticide Development Centre 
(formerly known as Pesticide Development Programme India) with the Regional Network 
programme has greatly benefited the participating countries in upgrading knowledge and 
skill in the sphere of pesticide formulation technology and quality control. 

The major project activities included appointment of regional consultants, holding of 
workshops. arranging expert group meetings etc. on the following specialised areas: 

• Pesticide data collection system (UNIDO/ESCAP) 

• Formulation of pesticides (UNIDO) 

• Quality control of pesticides (UNJDO/F AO/World Bank) 

• I-harmonisation of pesticide registration requirements (f AO) 

• Trade and tariff considerations (UNIDO) 

• Pesticides residue analysis (UNIDO/f AO/World Bank) 

• Toxicology forum (UNIDO/WHO) 

• Environmental aspects of pesticide production and use (UNIDO). 

CURRENT PHASE 

The !'uccess of the Phases I and II of the project was duly recognised by the joint 
UN DP/UN I DO evaluation mission, which also recommended an extension of the project 
for another 3 years. with funding at a level higher than the current level of funding. The 
Tripartite Review Meeting attended hy National Coordinators from the memher countries, 
representatives from UNDP/UNIDO and other UN agencies including FAO, WHO, 
ESCAP and The World Bank, after reviewing the progress made, endorsed the recommen
dations of the Evaluation Mission justifying extension of the project and continued UNDP 
supports to the Network programme. 

UNOP/UNIDO duly approved enien!'ion of the project with the aim to augment the 
regional capahility to promote safe development of pe!'ticides in the region hy making use 
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of the existing institutional set-up available in the member countries in the field of pesticide 
formulation. quality control. bio!botanic-.ll pesticides. application technology, industrial 
safety. hazard analysis. effluent control measures and data collections and dissemination 
of information. The developmental objectives of the current phase of RENP AP are: 

• Promote regional cooperation and agricultur:ll output through safe use of 
pesticides 

• Establish technical coordination and development centres for exchange of 
expertise available within the region and assist countries having no facilities 

• Documentation and dissemination of information on development of safe 
agrochemicals 

• Promote active participation of member countries in safe development and use 
of pesticides 

PRIORITY OBJECTIVES 

The immediate objectives defined for achieving the developmental goals of the project are: 

• Consolidation of achievements in: 

market survey and data collection 

survey of raw materials available within the region 

pesticide formulation technology 

quality control 

• Harmonised approach for industrial safety, hazard management and effluent 
control and promotion of bio/botanical pc::sticide usage and application tc::chnol
ogy 

• Coordination with F AO project (Japanese funded)on F AO code of conduct on 
pesticide distribution and use 

• Self sustainability of the project 

The current phase of the programme has, thus, an orientation towards strengthening 
the pesticide industry as a whole through a harmonised approach on industrial safety. 
hazard management, effluent treatment, pollution control and promotion of hio/hotanical 
pesticides usage as well as adoption of safer and more effective application technologies. 
At the same time the project is busy consolidating achievements of the previous phas~ 
encompassing the areas of market survey and data collection, survey of raw materials 
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availahle within the region, pesticides formulation technology, quality control and residue 
analysis. 

ACTIVITIES 

To put the project on a more sound footing, the Project Management Committee at its 
meeting held in Islamabad from 18-20 Novemher, 1989 decided to set up Technical 
Coordination Units in countries who have offered to host by virtue of the availability of 
infrastructural facilities and expertise. The Technical Coordination Units to be hosted by 
the member countries are as follows: 

• Pesticide Formulation Technology/Quality Control - India 

• Pesticide Specification and Impurities in Active Ingredients at the Manufactur
ing Level - Republic of Korea 

• Residue Analysis/Bio-Botanical Pesticit'.es - Thailand 

• Industrial Safety - Philippines 

• Eco Toxicology-Paki5tan 

• Effluent Control/Waste Disposal - Indonesia 

With the setting up of these six Technical Coordination Units, the project would be 
providing training and consultancy services in the much needed specialised areas to meet 
the urgent requirements of the region adopting the concept of technical co-operation 
among developing countries .. These coordinating units are designed to meet the following 
requirements of the region: 

• Con:.ultants in.specialised fields 

• Organisation of workshops in identified areas 

• Organis~1tion of indepth training facilties 

• Trouhle shooting 

The Regional Coordinating Unit would he maintaining a roster of experts to meet 
the needs of the memher countries encompassing the entire spectrum of pesticides pro
duction, marketing and co.nrol. To make the programme more result-oriented for the 
greater benefit of the participating countries, the Project Management Committee also 
decided to suitahly strengthen the Regional Coordinating Unit. 

The Meeting abo recommended that appropriate measures he taken to persuade the 
Governments of the Network countries to pledge funds on an annual basis to run the various 
scheduled activities in the important field of pesticide manufacturing, use, hazard manage
ment am.I enviro11ment protection. Also the meeting discussed the proposal for develop-
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ment and use of computer software for pesticides market data input and retrieval received 
from Centre de Cooperation Internationale de Recherche Agronomique pour le Develop
pement (CIRAD). France and expressed its appreciation for the support offered by the 
Government of France. The meeting also discussed the urgent need for steps to make 
RENP AP self sustaining after the present phase of the project. 

The programme for the year 1990 as approved by Third Project Management Com
mittee meeting of the RENPAP held in Islamabad from 18-20 November. 1989 was as 
follows: 

• Workshop on R & Din Formulation Technology of Newer Formulations and 
Quality Control, April, 1990 

• Participation in the Collaborative International Pesticides Analytical Council 
(CIPAC) meeting (Tunisia) May, 1990 

• Workshop on Industrial Safety and Protection on EnvironmentiEftluent Con
trol (Indonesia) Dec., 1990 

• Recruitment of experts for member countries 

Instrumentation/handling/packaging/storage -Afghanistan 
Consultants in handling/packaging/storage of pesticides and environmen
tal toxicology- Bangladesh 
Preparation of standard pesticides sample - China 
Effluent control and waste disposal - Indonesia 
Use of locally available formulation raw materials - India 
Controlled release pesticide formulation - Republic of Korea 
Eco-toxicology - Pakistan 
Industrial safety and environmental protection - Philippines 
Insecticides efficacy - Sri Lanka 
Botanical pesticides development - 17iailand 

• Fellowship Training of officials 

Biological screening - Bangladesh 
Instrumentation analysis - China 
Development of bio-botanical pesticides - India 
Controlled release formulation - Republic of Korea 
Treatment and disposal of waste - Indonesia 
Application technology - Pakii;tan 
Formulation technology - Philippines 
Disposal of out-dated pesticides - Sri Lanka 
Botanical pesticides development - Thailand 

Recruitment of consultants/experts and the ~ellowship placements of candidates were 
arranged by UNIDO/UNDP, based on the job description and nominations from the 
member countries and the activities have progressed as per schedule. 
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RE:\ PAP A~() PESTICIDE DEVELOPMENT CENTRE 

Linkage of RE\P.-\P with The Pc ... ticide Devdopmcnt Centre (PDC), c.:. UNDP/UNIDO 
a ... siste<l country project of the Government of India. has greatly hdped the participating 
countries in upgrading knowledge and ... kill in the sphere of pesticide formulation technol
ogy and 4uality control. The Centre. which is a technical coordinating unit of REN PAP, 
ha~; made significam strides in the development of technologies for _;everal new types of 
formulation ... which are more efficient, less toxic and safer to the users and environment 
compared to the conventional types of pesticide formulations being widely used in the> 
region. :\ewer technologies which have heen developed hy PDC include: 

• Su ... pension concentrates (Carhoxin 40 SC) 

• \Vater tfo.persihle granules (lsoproturon 75 DG & Mancozeb 75 DG) 

• Conce11trate<l and micro emulsions (Butachlor 50 EW & 15 ME) 

• Controlled rdease granules (Fluchloralin 3G) 

In addition to the:-.e, a novd self spreading formulation has also been developed by 
the centre. which i" tailor-made for controlling various pests that feed/inhabit at the water 
surface. Prm.lucb formulated in thi:-. manner include: 

• M icrohials BacillLL'i thuringiemi.'i and B. splwericu.'i formulations for the control 
of a11oplzeli11c larvae of mos4uitoes which are the vecmrs of malarial disease 

• Lindane ~rnd BHC formulations for the control of brown plant hopper infesta
tion in paddy rice. 

The Cc:ntre i ... supported hy a well e4uippc:<l analylical dc:velopmental laboratory 
which catc.:r:-. to the.: needs of the pesticide industry and plays an active role in Cf PAC 
collaborative tc ... tings. These testings include: 

• t\lcthami<lopho' (HPLC) 

• hlifcnphos (GU') 

• p.p"-DDT (GLC) - for WHO 

• Lthiofcncarh (HPLC) 

• Tolylfluanid (JIPLC) 

• Amitraz (GLC) 

Another major impact made hy the centre has hccn through its uniquely designed 
trnining progrLJmme., on pesticide formulation technology an<l 4uality control. So far a total 
of 2h0 per ... 011111.:I. including 50 from the mcmhcr cm1ntrics of REN PAP other than India, 
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have benefited from these practically orientated training courses tailor-made to suit the 
needs of the industry. 

The Pesticide Development Centre serves as a good example of a country project 
flowing into a Regional Network Programme for the overall benefit of Asia-Pacific Region. 
It is strongly fdt that such modds of cooperation may be repeated in other vital areas for 
effecting fruitful interaction in the technical field between the countries of the Region. 

CIPAC MEETING IN TUNISIA 

As the Regional Coordinator, RENPAP, the author attended the 34th CIPAC meeting in 
Tunisia during May 28 to June 2, 1990 and presented a paper on Contribution of the 
Regional Network on Pesticides for Asia and the Pacific and its active panicipation ""ith 
CIPAC Arrangements made by RENP AP for the active participation of member countries 
were emphasised in this presentation, which was well received by the representatives of 
WHO, F AO, GIF AP (Groupement International des Associations Nationales de Fabri
cants de Produits Agrochimiques) and other participants from various countries. 

WORKSHOP ON PESTICIDE FORMULATION TECHNOLOGY AND QUALITY 
CONTROL 

REN PAP organised a Regional Workshop on R&D in Pesticides Formulation Technology 
of Newer Formulations and Quality Control from 9-21 April 1990. The programme was 
hosted by the Pesticide Development Centre (India). The Workshop was attended by 
nominees of IO participant countries viz. Afghanistan, Bangladesh, China, Indonesia, India, 
Republic of Korea, Pakistan, Philippines, Sri Lanka and Thailand. Out of the 12 nominees 
from the participating countries, five were women holding senior Government positions in 
their respective countries making thereby 42% participation by women in this Workshop. 

The Workshop laid special emphasis on adopting newer formulations of pesticides 
which are environment friendly and in the long run reduce overall load on the environment 
and are safe to handle by the farmers. The newer technologies also would help in moving 
away from the use of petroleum products needed in the present day formulations which 
cause major pollution to the environment. 

In order to inculcate self-confidence in developing new formulations and also under
taking effective quality control measures, the participants were given "hands on" training 
during the programme. The faculty comprised of internationally reputed experts and the 
programme was held in the Pesticides Development Centre i:i India. The Workshop has 
enabled the participants from tile network countries to appreciate better the area of 
concern with regard to safe and effec~ive use of pesticides and will he helpful to them in 
spreading the knowledge and skill in their respective countries. The Workshop is con
sidered to be a model for regional cooperation as in this programme .all the IO countries of 
the region are intimately involved. 
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RENPAP GAZETTE 

REN PAP has just commenced to publish a quarterly journal "RENP AP Gazette" contain
ing scientific papers and technical articles on selected current topics by eminent scientists, 
technologists and experts in the field of pesticide production technology and usage, 
environmental protection, hazard control, eco-toxicology etc., besides data collection on 
pesticide production, import, export and usage. The advertisements collected by National 
Coordinators will be published in the journal and the earnings from this will form a part of 
project funding additional to the sale proceeds of the journal. The journal is priced at 40 
US dollars for annual subscription and the first issue of the "RENPAP Gazette" focuses on 
safety. 

CONCLUSION 

In che word~ of Dr Erling Dessau, Resident Representative of UNDP in India, RENP AP 
is a good example of a country project, namely, the Pesticide Development Ce11tre, flowing 
into the Regional Network Programme for the overall benefit of Asia and the Pacific 
Region and this would be i! good model for regional cooperation which could be repeated 
in other vital areas for effeccing cooperation and interaction in the technological field 
becween the countries of the region. 
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The registration of pesticides as a pre-requisite to marketing 
a new crop protection product, or the continuation of existing 
products, is an essential part of agriculture and is becoming 
increasingly difficult in the light of 'political' pressures and 
environmental considerations. Regulatory systems throughout the 
world have tr nded towards a degree of uniformity in their 
requirements for toxicological and residues data but 
environmental data requirements continue to increase and to vary 
considerably between different countries. Attempts to harmonise 
data requirements and data interpretation have met with little 
real success although recent initiative within the European 
Community would appear to offer the opportunity of achieving such 
a goal at least within ~estern Europe. Increasing pressures to 
reduce the overall use of pesticides must be viewed with 
considerable caution in the light of the need to feed an ever
increasing world population. 

INTRODUCTION 

It is of paramount importance to ensure that crop protection 
products are allowed to be marketed only when any potential 
hazards have been fully evaluated and when the benefits of the 
proposed uses have been considered. In order to achieve such a 
pre-marketing assessment Regulatory Authorities have been 
established throughout the world. These have traditionally 
undertaken the necessary risk/benefit analysis before authorizing 
the use of the p:r.oduct. Additionally authorities have frequently 
supported these authorizations by post-marketing monitoring 
exercises aimed at assessing any consequences arising from the 
use of the pesticide in terms of consumer, operator and 
environmental risks. 

Over recent years however, and particularly in western 
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Europe, United States, Australia and Japan, the benefits of crop 
protection products have assumed less importance at the expense 
of a greater concern with the perceived risk. The use of 
pesticides in these countries has therefore increasingly become 
a 'political' issue with the consequential result that the 
registration of a new pesticide has become more difficult. 
Additionally, greater regulatory attention has been iocused on 
the continued use of products already marketed and extensive re
registration programmes have been initiated, notably in the 
United States, the United Kingdom, Denmark and Germany. As a 
conse~~ence of these regulatory activities fewer new pesticides 
are registered and an increasing number of existing pesticides 
are being withdrawn or their uses restricted. Furthermore the 
objective of reducing overall pesticide usage has, in some 
countries such as Sweden, Denmark and the Netherlands, become 
official Government policy with targets being established for the 
desired reduction (Table 1). 

TABLE 1 
Reduction in pesticide usage 

Country 

Sweden 

Denmark 

Netherlands 

European Community 

European targets 

Reduction Target 

50% by 1990 
Further 50% by 1995 

25% by 1990 
Further 25% by 1997 

50% by 1990 
70% by 2000 

50% 

These general regulatory trends and some of the more important 
consequences of these trends are considered in more detail below. 

REGULATORY DATA REQUIREMENTS 

General 

The purpose of providing Regulatory Authorities with data on a 
crop protection product is to enable the Authorities to assess 
the potential hazards posed by the proposed use of the product 
to those applying the product (operators), to those consuming 
foodstuffs which may have been treated with the product (human 
consumers or domestic animals), to those who may be inadvertently 
contaminated during application (bystanders}, to non-target 
species such as birds, fish, soil fauna, beneficial insects 
(ecotoxicological effects) and to soil and water (environmental 
fate). The generation of these data is both costly (current 
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estimates are in excess of $10 million) and time consuming (at 
least five years). 

Toxicological data 

There is broad international agreement regarding toxicological 
data requirements which are summarised in Table 2. 

It should of course not be overlooked that in many cases 
additional studies will be required to clarify any significant 
observations made in some of these tests or to investigate 
specific properties of some particular compounds (e.g. 
neurotoxicity studies for organophosphorus compounds). 

TABLE 2 
Summary of major requirements for toxicological data 

Type of study 

Acute toxicity* 
Irritancy* 
Sensitization* 

Sub-acute toxicity 

Sub-chronic toxicity 

Chronic toxicity 

Reproductive toxicity 

Mutagenicity 

Metabolism 

Details 

Oral, dermal, inhalation (rat) 
Skin, eye (rabbit) 
Dermal (guinea-pig) 

28-day studies in rat, 
mouse, dog 

90 day studies in rat, 
mouse, dog 

2-year chronic 
toxicity/oncogenicity rat 
18 months oncogenicity mouse 
12 months chronic toxicity 
dog 

Teratology studies in rat, 
rabbit 
Multigeneration study in rat 

Ames Test, Unscheduled DNA 
Repair, In vit :o chromosome 
analysis, In vivo chromosome 
damage 

Absorption/Excretion and 
Metabolite Identification in 
rat and dog. Enzyme 
induction studies. 
Cattle, pigs, poultry residue 
identification 

* These studies are required on both the active ingredient and 
the formulated products(s). 
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These toxicological requirements, which have been developed 
over a period of years, have now reached a fairly stable plateau 
although there are indications that additional requirements 
relating to neurotox1city and immunotoxicity may be forthcoming 
in the future. Whereas the type of data required is generally 
common between different Regulatory Authorities the 
interpretation of these data can differ significantly and to the 
extent that some authorities may register a pesticide whereas 
others may not. Areas of particular difficulties include the 
significance of liver tumours in rodents (particularly the 
mouse), the significance of thyroid tumours in the rat, and the 
interpretation of 'positive' mutagenicity studies. Associated 
with these difficulties in interpretation are the problems 
arising from the application of mathematical models to animal 
data in an attempt to predict carcinogenic ri3ks to man. Whereas 
such models may have a role to play in the assessment process, 
sole reliance on their use in arriving at a regulatory decision 
implies a degree of credibility and scientific reliability which 
is not ~arranted and which ignores the 'weight of evidence' 
approach to the overall toxicological data package. 

Mathematical models are also being increas.:;.ngly used in 
estimating risks to operators and a variety of models, based on 
different estimates of exposure and of dermal absorption, are 
currently in use. Here again i:;uch models must be used cautiously 
and perhaps are best employed in indicating the need for field 
studies of actual operator exposure and/or the need for 
experimentally derived estimates of dermal absorption. 

Residues and Plant Metabolism Data 

Requirements for residues and pl~nt metabolism data which are 
summarised in Table 3 have always assumed a very high importance. 
In this respect little has changed except that technological 
advances in analytical chemistry have resulted in dramatic 
improvements in methodology and sensitivity. In contrast 
however, the requirements for plant metabolism data have 
increased to the point where some Regulatory Authorities now 
require the identification of almost 100% of the plant 
metabolites. It might therefore be argued that these particular 
studies have assumed the level of academic research projects 
rather than studies aime~ at providing data to support a risk 
assessment. 

Environmental Data 

In contrast to the data requirements in the residues and 
toxicological areas, those in the ecotoxicological (see Table 4) 
ar.d environmental fate (see Table 5) have increased dramatically 
over the past few years. It should be noted that many of these 
studies may need to be supplemented by field studies, e.g. 
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TABLE 3 
Summary of major requirements for residues 

and plant metabolism data 

Type of study 

Analytical Methodology 

Residue studies 

Animal feeding studies 

Metabolism studies 

Details 

Residue methods for crops, 
tissues and by-products, 
for toxicology studies, 
water, etc. 

animal 
diets 
soil, 

Measurement of residues in crops 
(~t harvest and decline studies), 
processed foods 

Measurement of residues in animal 
tissues (cattle, pigs, poultry) 
and by-products (milk, eggs}. 

Identification of metabolites in 
typical crops 

TABLE 4 
Summary of major requirements for ecotoxicological data 

Type of study 

Avian toxicity 

Fish toxicity 

Toxicity to other aquatic 
species 

Non-target organisms 

Details 

Acute oral (2 species) 
8-day dietary toxicity (2 
species) 
Reproductive effects 

Acute toxicity (3 species) 
Early life stage toxicity 
Bioaccumulation 

Daphnia acute and reprodu:::tion 
shrimp and algae acute 

Bees, be~eficial insects, 
earthworms, soil fauna, soil 
micro-organisms 



TABLE 5 
Summary of major requirements for environmental fate data 

Type of study 

Soil studies 

Water studies 

Soil/water studies 

Det~ils 

Adsorption/desorption, 
leaching, lysimeters, 
photcdegradation, metabolism 

Metabolism, 
hydrolysis 

photolysis, 

Sediment, biodegradation 

effects on bees, soil dissipation, mesocosms, avian 
studies. Furthermore many of the studies, particularly 
area of aquatic toxicity must be undertaken on both the 
ingredient and the formulated product(s). 

field 
in the 
active 

Clearly the assessment of the potential effect of pesticides 
on the environment is one of great importance but I would suggest 
that much knowledge and experience has been gained by all 
concerned since the ecological effects caused by the use of 
persistent organochlorine insecticides were seen in the 1950s and 
1960s. Nevertheless, whereas the legacy of these effects remain 
with us, available evidence indicates that the modern use of 
pesticides is not having any serious effects on wildlife 
populations even if occasional members of that population are 
affected. For example, a very extensive monitoring exercise 
undertaken in the United Kingdom [1] and involving working 
farmland systems over a period of 4 years indicated that there 
was no clear chemically related impact on field margin flora, 
birds and most small mammals. Nevertheless the use of pesticide 
is still perceived as causing serious ecological effects and in 
this context it is worth noting that the estimated death of 20-70 
million birds and O. 7-1. 3 million hedgehogs killed on United 
Kingdom roads every year [2] goes largely unnoticed. 

More recently the attention of Regulatory Authorities has 
focu:::;ed on environmental fate and in particular soil persistence, 
leachability and the potential corita~ination of groundwater. 

Other Data Requirements 

In addition to the data requirements described above the 
regulatory data package must also include extensive information 
on the cr.emical properties of the active ingredient and 
formulated product, the stability of the product under extremes 
of different storage conditions and, of course, comprehensive 
biological field data on the performance of the product under a 
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variety of climatic, agricultural, environmental and pest
infestation conditions. 

HARMONISATION OF DATA REQUIREMENTS 

A number of attempts have, over the years, been made to harmonize 
regulatory data requirements and procedures,· most notably the 
Council of Europe [3] and FAO [4, 5, 6]. These attempts have met 
with little success, due primarily to two major reasons. 
Firstly, pesticides are used throughout the world under a vari€ty 
of different climatic, environmental and agronomic conditions and 
consequently the risk/benefit analysis of any proposed use of a 
pesticide must be considered in the light of the particular 
conditions pertaining in that country where this use is to take 
place. Data requirements can thus be expected to diffar to some 
extent between different countries but not, I would suggest to 
the degree to which they actually do. Secondly, National 
Regulatory Authorities have traditionally taken a somewhat 
'parochial' view of pesticide registration and, in many cases and 
perhaps understandably, have been reluctant to accept the 
evaluation of other Regulatory Authorities. 

A notable exception has been the general (although not 
universal) acceptance of the evaluations undertaken by the 
FAC/WHO Joint Meeting on Pesticide Residues (JMPR) and its 
consequent recommendations for Acceptable Dc.ily Intakes (ADI) and 
Maximum Residue Limits (MRLs). It is perhaps unfortunate that 
the JMPR concerns itself with only potential hazards to consumers 
and tha~ there is no equivalent international body which 
considers environmental data on pesticides to the extent that 
JMPR considers toxicological and residues data. 

Despite the relative lack of success in achieving 
harmonisation in the past, r8cent initiatives within the European 
Community however have presented the Registration Authorities in 
Western Europe with an opportunity to make considerable progress 
in this area. The Community is currently considering a 
Commission Proposal to harmonize the registration of plant 
protection products [7]. This Proposal has been considered in 
detail elsewhere [8] but basically it involves a two-tier 
approach whereby active ingredients would be evaluated by a 
Community procedure, i.e. by an Expert Committee comprising 
representatives of all 12 Member States of the Community. A 
consensus agreement by this Committee to approve' the active 
ingredient would result in that active ingredient being included 
on a so-called 'Positive List'. Registration of products 
containing those approved active ingredients would then be left 
to individual Member States having due regard to the particular 
environmental, agronomic and climatic condition~ of the 
particular Member States. Data requirements for both the active 
ingredient and the formulated product have been defined in the 
Proposal and Uniform Principles aimed at establishing when these 
data will be ~eeded and how they should be interpreted are to be 
drafted in the near future. 



As might be expected discussion on this Proposal has been 
extensive and agreement has yet to be reached. There would 
however seem to be a considerable 'political' will towards 
reaching agreement although it is difficult to predict how long 
this will take. Given that a wide range of different rules, 
regulations and proceduras have previously been harm01iized within 
the Community, the delay in achieving the harmonization of 
pesticide registration reflects the difficulties involved. 
Furthermore these European difficulties are an indication of the 
even greater difficulties involved in extending the harmonization 
of pesticide registration to other parts of the world. 

FUTURE DEVELOPMENTS 

The comments above have highlignted the increasing pressures on 
the use of pesticides and the increasing regulatory requirements 
which must be met in order to achieve new registrations or 
ma.intain existing registrations. In other words the introduction 
of new pesticides on to the market is becoming more a~.d more 
difficult. This is regrettable as, by and large, t:he new 
pesticides are 'safer' than their predecessors, i.e. they are 
generally of lower toxicity and are applied at significantly 
lower rates thus leading to a significantly lower environmental 
burden. 

It is apparent that these 'negative' attitudes towards 
pesticides are most acute in Western Europe and the United States 
of America - countries which, I would suggest, are in the 
fortunate position to be able to 'afford' this position. 

Let us consider a few relevant facts: 

1. As an indication of world food supplies, world cereal 
stocks, as shown in Table 6, are predicted by the FAO [9] 
to fall to just 17% of annual consumption which is 
equivalent to less than 2 months' supply. 

TABLE 6 
World cereal production and stocks (million tonnes) 

1986/87 1987/88 1988/89 1989/90 
(estimated) (F::>recast) 

Production 1863 1803 1758 1867 

Stocks 455 401 307 296 

Stocks as % of 
annual consumption 27 24 18 17 
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2. Natural catastrophes such as drought in the United States, 
floods in Bangladesh and locusts in Africa have occurred 
and will continue to occur on a regular basis. Emergency 
response to famine, such as that in Ethiopia, can only be 
undertaken where stocks are available. 

3. 950 million people are hungry and undernourished today (10] 
whereas in the western world millions of people are dieting 
to lose weight. 

4. Even with the use of pesticides the FAO has estimated that 
20-40% of focd production is lost annually to pests and 
diseases (11]. 

5. The world population continues to increase at a rate of 
200,000/day and is expected to reach 6 billion by the year 
2000. It is estimated that world food supply must increase 
by 75% to meet this increase in population (12]. 

6. 40,000 people die from starvation every day. 

These facts clearly support the continued need for 
pesticides in food production and an equally convincing argument 
can be made to support their continued use in the production of 
non-food crops such as cotton, rubber, etc., and in the public 
health area for the control of insect-borne diseases and of pests 
such as cockroaches, fleas, etc. 

Thus any short-term measures for increasing the regulatory 
control of pesticides to the point at which they inhibit the 
developmen~ of new, more effective, more environmentally 
acceptable and safer pesticides, must be viewed with considerable 
caution against the longer-term needs to ensure eff ici~nt world
wide food production. 
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PESTICIDE USE IN SRI LANKA AND SOME SUCCESSFUL CASES OF PEST 
l\IANAGEMENT WITH DUE REGARD TO ECOLOGICAL PRINCIPL£S 

S.F.M. SULAIMAN 
Regional Agricultural Research Centre, Makandura. Gonawila (NWP), 

Sri Lanka 

ABSTRACT 

29~ 

Crop protection depends heavily upon the use of chemical pesticides. The farmer usually 
aims for pest control rather than pest management. The excessive use of chemical pes
ticides has led to problems in pest management as well as adversely affecting the environ
ment. Recommendations for pesticide use in agriculture are made by the various research 
institutions dealing with specific crops. Pest problems in the three major plantation crops, 
namely tea, rubber and coconut, and in the minor export crops and sugar cane are covered 
by the respective research institutions dealing with those crops. Sri Lanka's problems with 
the use of BHC dust and the problems for the control of brown plant hopper ( BPH) in rice 
and how these problems were overcome is described. Successful biological control of 
some pests in onion and coconut crops are given. A number of non-conventional ap
proaches giving promise in Sri Lanka is given. 

AGRO-ECOLOGY 

Sri Lanka is located between 6° and 10° north of the equator at the southern tip of the 
Indian sub continent. The island has a total area of 6.6 million (m) hectares (ha), which is 
divided into 3 climatic zones: a wet zone of I .54m ha in the south west quadrant, a dry zone 
of 4.17m ha in the north, north east, north west, north east and south east and an 
inh.~rmediate zone of 0.85m ha sandwiched between the two other zones. 

The three climatic zones arc suh divided into eight major agro-ecological regions hy 
altitude, rainfall and land form. These eight zones are further divided into twenty four well 
defined agro-ecological regions each with its unique comhinarion of rainfall pattern. 
elevation, land form. temperature range and soil types. [I J. 

Rainfall in Sri Lanka follows a distinctive bimodal pattern. Consequently there arc 
two cultivation seasons: the Maha season from Ocroher to January which is infll!cnced hy 
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con\·el·tional rains and the nonh east monsoon and the \'ala season from May to Septem
bei. \\hen the south west monsoon i~ in force. Rainfall in the wet zone is :idequate for year 
rountl crop growth. In the intcrmetliate and dry zones the rainfall is adequate only during 
the \laha sea::-.on. Temperature within the country shows a marginal variation. Maximum 
and minimum air temperature vary from 20°C to Hl°C in the up country dry zone. Sri 
Lanka's wide variation in precipitation. topography and soil make it possihle to grow a wide: 
range of crops. 

ECOSYSTEM A!'IO AGRO-ECOSYSTEMS 

The word ecology is derived from the Greek word "oikos" meaning "house" and so literally 
ecology is the study of "houses" or more hroadly "environments". The living communities 
and the non-living envir:>nment function together as ecological systems or ecosystems. A 
natural ecosystem is self-perpetuating and the vegetation is a product of natural select ion. 

Agricultural systems are special types of man-made ecosystems called agro-ecosys
tems which arc different from the undisturbed naturally occurring systems like forests and 
range lands. In an agro-ecosystem it' sustained existence depends upon manipulation of 
energy flows directed by man. The biotic environment is drastically reduced in .complexity 
and through the conventional farm operations a few selected energy paths are maximized 
to produce the greatest output from a single species of cultigen. Agro-ecosystems are not 
self-perpetuating and so they vary in duration from orchards and plantations of coconut or 
other perennial crops that last ahout 40- SO years to arable crops of a few months duration. 
In an agro-ecosy::-.tem the vegetation is selected hy man. the diversity of species is reduced 
and the levels of nutrients in their foliage is higher than those found in the plants of a natural 
ecosy!'ltcm. Therefore. pest and diseases are a regular feature of agro-ecosystems necessi
tating crop protection. 

PESTICIDE USE 

Crop protection depends heavily upon the use of chemical f)esticitles anti the farmer aims 
for pe~t control rather than pest management·. By pest control one gets the unrealistic idea 
of pe:-.t dimination rather than management of pest populations at tolerable levels. The 
excessiw use of chemical pesticides has led to problems in pest management as well as to 
the environment. Nevertheless. pesticides cannot be completely <lisper~sed with, even in 
pe'lt management systems and therdore, hased on needs, appropriate formulations have 
to he recommentletl. 

Growth in pe::-.ticide consumption in Sri Lanka was !'lymmymous with increased 
adoption of new high yielding varieties of crops and cxp<insion of irrigation systems. 
Recommendations for pesticide use in agriculture arc made hy the various research 
institutions lle•1ling with 'pecific crops. The Department of AgricuLure makes rccommen
<fations for the control of pc.·,ts •md disea'les of rice, other field crops. fr1.1it crops anti 
vegctahlcs. Pest prohlems in the three major plantation crops namely tea, rubber and 
ccll·onut and in the minor export crops anc.I subar cane arc covered hy the respcc•: vc research 
institutitHl'I dealing with thn'lc crops. 
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Some important in!'>ect ~"b re4uiring fre4uent chemical control and fur which 
~tandard rcconunenJation::- are rrade a\·ailahk hy the Department of Agriculture of Sri 
Lmka have heen list~J in Tahle L 

Total import!'> of WHO Clas~ I in~ecticidc;!'> into Sri Lanka hctween (l)8b and Il):N is 

~hmrn in T abk 2. 
Some Spe•:ial ca'.'lc~ of •>ur experir>nce in pe~t mail~tgement are a..' follow~: 
Ric~ is a crop nf major importance to Sri Lanka. The area under cultivation annually 

is around 780.l.lOO ha with ahom 50.000 ha under continuous cultivation. ll1i~ cau~ed a 
major outhreak of the hrown plant hopper (BPH). (;\'ilapc.1n-,ua luge1u). in the mid-~even
ties in eastern Sri Lanka in which lt,.200 ha were affected and :woo ha destroyed. ..\ 
build-up of ahout three generatior.s of thi~ pest is sl ficient to result in patche~ of "hopper 
hurn" in infested field~ . 

..\11aly~is flf thi'.'1 problem showed that the factors li~ted bdu-.~.- were contributory 
mwards the appearance of thi~ pest in epidemic proportion': 

Cultivation of long maturing susceptihle varieties 
Staggaed planting of the rice crop throughout the year 
- at no time ,,f the year was there less than 8.000 ha of field carrying a rice crop. 

Lise of very high seed rate at broadca'.'lt planting. 
- ,'.!()() - 3b0 kg ha·' of seed is broadca.'t whik the reconunemkd rate is 100 - 125 kg 

h -I a . 

Extensin! dustin5 of BHC. an organochlorine compound. on the crop canopy while 
the in:-.ect pc:sts thrived at the ba. ... e of the crop. 

Staggered planting of the susceptible variety provided a continuous food supply and 
protected the pest from the hazards of disper:-.al. Also the: cultivation of a long maturing 
variety allowed the development of several generations of the plant hopper. The high seed 
rate resul te<l in a dense crop which provided abundant shade and food supply. a high relative 
humidity and temperature. which all together provided conducive micro climate for BPH 
devdopment. Extensive <lusting of BHC powder on the crop c~mopy destroyed natural 
enemies like Cynorhim1s. coccinellid beetles. spiders and damsel flies. while the pest 
sheltered and thrived at the base of the crop. As a result the pest built up in epidc:mic 

proportion:-.. 
Remedial measures which hdpe<l recover the rice crop in :1ffected areas were in line 

with ecological principks. 

BPH resist•mcc: w:.is hre<l into new improved varieties from Inc.al m1ditional varieties 
and mainly from the Indian variety Ptb .:u. (The improved resistant variety at prcs•.!nt 

is Bg 379-2). 

I .ower sl.!cd r;.itc for broadcast planting was recommende<l. 

Arrangements were: made with irrigation authoritic:s to supply watc:r for synchronous 
planting in the: entire range ins1e<.1<l of staggered pl<.1nting, so that a crop free: period 
between t\\o cropping seasons would b~ allowed. 



-\long\\ ith reducc:J :-.c:eJ rate. the ne\\ \aric:ties ~1bo had short '.'>tiff leaves from IRX 
parentage. '.'>O that the crop ha. ... e \\a_., not '.'>haded. 

Economic thre'.'>hoh.J \\a'.'> e:-.tahli'.'>heJ ;.nJ chemical control was need hased. Emphasi~ 
\\a'.'> placed on pc!:-t :-un·eillance and treatment wa'.'> recommended only if pest numbers 
ex~eet.kd the economic threshold level ( ETL). 

Lse of BHC du:-.t \\a.' banned and soil treatment with a granular carbamate wa.-; 
recommended so that the existing abundam natural enemie:-. could be conserved. 

All these factor:-. contributed towards tilting the microdimate against the pest and 
offered good contro:. 

Onion is a high value ca.. ... h crop grown throughout the year in the northern area of Sri 
Lanka. A consi'.'>tent outbreak of the lesser army-worm. SpoJuptera exigua (Hubner) in 
epidemic proportions was ohserved in these areas on the onion crop. The pest had 
Jevdoped resistance to several insecticides and was therefore referred to as the "tough skin 
caterpillar~. At :-uch a critical phase a pyrethroid insecticide came in effectively useful with 
its quick knock down effect. In Sri Lanka pyrethroids are reserved for use as a last line of 
Jdence against local pests and restricted for use on onion caterpillar and cotton pests only 
(2]. i\ow areas in which thi'.'> pe:-.t i:-. endemic are advised to U'.'>e granular formulations of 
carhoiuran during the first week of planting and thereafter monitor the pest population 
very closely for judicious and optimal use of recommended insecticilles. Suhsequentiy. the 
Department of Agriculture of Sri Lanka noticed that the Nuclear Polyhedrosis Virus ( l"PV) 
was an important natural enemy of this pest. The virus was propagated quite easily and 
sprayed on the crop on a small scale. This control method was found to he highly 
economical. safe to man and other animals and also compatihle with the environment. 
Ahhough extensive U'.'>e of NPV is not yet reported this pest can be contained to a great 
extent hy this :-.trateh'Y· 

Coconut is one of our commercial crops which is cultivated in about -io0,000 ha or 
25c{ of the total cultivated area in Sri Lanka. 

The coconut leaf miner. Pmmecotheaca cumingi came to Sri Lanka as a foreign 
invader during the early seventies. It is a heetle pest which in the absence of its natural 
enemies appeared in epidemic proportions. threatening the coconut plantations with 
destruction. In it:-. own natural environment in countries like the Philippines, Indonesian 
and :\lalo.1ysian islands this beetle is reported to he kept well under control hy its natural 
enemies, f>immockia jaranicu and Pediohius pun-11/us. These para:-.ites were imported into 
Sri Lanka. mass reared and released. \.'ontrol was achieved within a short period of time. 
Several years lah!r an 01.1oreak of this pest appeared in a patch of coconut land anJ no 
control measures were 1aken, since, the natural t:nemies were already within our shores. 
The para:-.ite:-. did take control of the situation on their own, showing rhat a halance or 
c4uilihr;um exists between the pest and the parasites. It is evident that successful biological 
control i:-. a stahle process in this case. 

The Coconut Reseo.1r~h Institute of Sri Lanka has an active hiological control lahor
atory in which larval and pupal parasites of important pests like the coconut caterpillar a re 
mass-re<.1re<l <.1nd rele<.1sed 13 J. 

The ~r~nd in Sri Lc.inka today i:-. initially to use resistant varieties, wherever feasihle. 
minimize ;.ind op1imi1c: applicutions ·>f insecticides, u:-.e granular fnrmulati ms wherever 
appropriate all'J treat scc<l an<l plant ';l<ilc:ri&.11 prior to planting rather tlnn spray a stan<ling 
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aop. Further. Blwillm rhwin~icmi\· ha.-. now 1-.een registerec..I for use. Other safer pesticide~ 
like ~n)\\ th re~ulator:-.. hiolo~ical control a~ents and hotanicab with insecticic..lal prooerties .... .... .... - r 
arc tcstec..I experimentally for future use. 

Some promi:-.ing ho1aniG1b with pesticidal properties have heen listec.l in Tahle 3. 
Other pest managemc:nt taclit.-s which are heing tesh.:c.l mduc.le the cultivations of 

mi.\cd aopping :-.y:-.tcm~ or ~1gru-forestry systems rather limn va.-.t extents of monocultures. 
l·n These sy:-.tems are slowly hul steadily gaining popularily. espccially in coconut. and 
various types of crops such a: .. horticultur~I and minor export crop:-. along with arables. are 
hcing intc:rcroppcJ under coconut. However. the pest management effects from such 
intercropping systems and the appropriate comhinations of crops that woulc.1 proc.luce 
optimal crop protection dkct:.-. nec:c..I further study. 
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TABLE I 
Some important pests re4uiring frequent chemical control and for which standard 

recorr:mendations are available 

On Rice 

Brown plant hopper 

Gall-midge 

Th rips 

Stemborer 

Leaf folder 

On other food crops and vegetables 

White flies 

Aphids. scales and meaiy hugs 

Bean fly 

Bean pod borers 

Cururbit fruit fly 

Cutworms and army worms 

Brinjal shoot borer 

Cabbage caterpillar complex 

Nematodes 

On fruit crops 

Pineapple mealy hug 

Banana weevils 

Fruit fly 

Niluparvutci lugrns 

Orseoliu ory;:ue 

Stenchaetothrips bif onnis 

Scirpopliuga incenulas 

C naplzalocrocis medinalis 

Aleurodicus di'iperus 
Bemi'iia tabaci 

Oplziomyia phmeoli 

Dacus cucurhicae 

Leucinodcs orhonali'i 

Meloidigyne spp. 

Dysmicoc.:cus hreripes 

Cosmopolitcs .wrdidus 
Odoiporu.'i lon;:icollis 

Durns spp. 



TABLE2 
Total imports of Class I Insecticides into Sri Lanka from 198h - 1989 

Year 

198b 

1988 

1989 

Amo1..mt in lines 

521, 866 

391,400 

348,523 

25t;°'c reduction 
approximately 

I 0% reduction 
approximate Iy 

Note there is a phased restriction on the import of WHO Class I insecticides. 
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TABLE3 

Some botanicals tested for pesticidal properties in Sri Lanka 

Botanical 

Acom.s cahunu.s 

A::adin1chta indica 

A:::adiradua im/ica 

A::adirachca inJica 

A::adirachca indica 

A.gerawm cony::oides 

TricoJenia ::e\·/a11ica 

C al"tropis gigamea 
(flowers) 

Ei)ngium foetidium 

Pavella im/ica 

Lamww camara 

Chenopodium umbrosioides 

Eff ectin on 

Bean aphid - Aphi.s craccfrora 

Bean aphids 

Cabbage caterpillars 

Root knot nematooe 
- Me/oidvgyne i11cog11ira 

Rice storage pest 
- Sitotroga cerealella 

Bean aphids (as repellant) 

Rice leaf older 
- Ctzap,'zalocroci.s medinalis 

Bean aphid - Aplzi.s fabae 

Bean aphid - Aphi'i f abae 

Potato tuber moth 
- Phtlzorimaea operculella 
( duringstorage) 

Potato tuber moth 
(during storage) 

*Some botanicals have had pesticidal effects when used as green manures 

Botanical Green manure on 

Croton /accifer Betel 

Pongamiu piwzata Cucurbits 

Ca.uiu auriculata Onion 

lndifog<'m aspalatlwides Manioc 

Tcp/1rmia purpuria Tobacco 
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CJ,mse11a i11dica Tobacco 

Cullen cory/ifolium Tobacco 

Pal"etta imlica Tobacco 

•Effect of botanical extracts on soil-borne pathogens (Laboratory tests) 

Botanical Effective on 

Adhatoda rasica Phytuphthora sp. 

Adlzutuda ra.\iCtl Pythium sp. 

AJlzutoda l'LL'iirn Sclerotium ro/jiii 

Cullen corrlifolium Sclerotium ro/jsii 

A:;adirachtu indica Rhi:;octoniu solani 

*None was effective on Fmarium so/uni 
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ABSTRACT 

While decreased application rates serve as the major purpose of research in pursuit of 
environmentally acceptable herbicides and fungicides, in the insecticide field the develop
ment of compounds acting selectively on insect-specific biochemical or behavioural func
tions is the most promising approach to environmental safety. 

By making use of the pro-drug approach, a new group of juvenile hormone mimics 
was developed within the framework of the UNDP/UNIDO supported project "Develop
ment of non-toxic insecticides". The long term theoretical research programme of the 
project was aimed at new leads and new anti-insect activities serving as potential starting 
points in search for selective insecticides. The main results of these efforts were the 
discovery of the anti-spiracular effect, a tissue specific activity disrupting larval res pi ration, 
the development of a new type of egg-laying deterrent and the synthesis of compounds 
inhibiting the ecdysone-20-monooxygenase enzyme which regulates moulting hormone 
biosynthesis. 

TRENDS IN RESEARCH Ot'\ NO;\i-CONVENTIONAL PESTICIDES 

The early fifties marked the end of a period of enthusiasm and false sense of security 
hrought ahout hy the spectacular success of DDT and other chlorinated insecticides in the 
aftermath of World War II. The environmental damage cau~ed by them and other 
conventional pesticides madt: themselve:- felt and the search for related type derivatives 
with improved environmental properties brought only partial success. It hecame evident 
that elimination of environmental. ecological and toxicologic~1I hazards can he brought 
about only hy pesticides with novel and specific action. 

Research which followed this goal resulted in significant ~,uccesses throughout the 
last two decades. The results manife!'tted themselves in various ways in different pesticide 
classc:-.. 
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In the field of fungicide~ and hc:rbicides high application rates created one of the most 
serious environmental problems. Research was therefore concentrated on the develop
ment of chemicab which permit application in low dosages due to their incre:.ised biological 
potenl)'. 

Table l shows how the development of more and more active herbicides enabled the 
gradual reduction of dosages during seventy years. staning from 2Ukg ha· l dose of sulphuric 
acid and ending with 5 g/ha of chlorsu!furon. 

Sulphuric acid 
Trichloroacetic acid 
2.4-D 
Atrazine 
Tritluralin 
Metribuzin 
Chlorsulfuron 

TABLE 1 
Herbicide dosages 

Year 

1909 
1947 
1949 
1957 
1900 
1970 
1978 

20 
() - 8 

2.5-4 
25-3 

0.8 - 1.5 
0.h - 1 

0.005 - 0.01 

The same decrease of dosages could be observed in the field of fungicides (Table 2). 
Triadimefon, reaching the market in the mid seventies, with application rates as low as 
IOOg h:.i. 1 creates slight chemical contamination as compared with the 3 kg ha· 1 rates of 
copper oxychloride at the turn of the century. 

Selective insect control creates much more serious problems, as the similarity be
tween the biochemical functions of humans and those of insects offers limited scope for 
research on compounds acting selectively against insects without affecting non-target 
orgamsms. 

The hormonal regulation df insect development proves to he just such an insect-spe
cific biochemical function which falls into this narrow margin, offering possibilities for 
research on safe and selective insect control. A finely tuned regulatory system. composed 
of the juvenile hormone and ecdysterone (moult'ng hormone) controls this balar.ceJ 
rcgu latory cycle [ 1-7). 

Copper oxychloride 
Zincb 
Captan 
Benomyl 
Triadimefon 

TABLE 2 
Fungicide dosages 

Year 

1900 
1943 
1949 
1%8 
1975 

Dosage (kg ha. 1
) 

2.5 - 4 
2-3 

1.2 - 2 
0.4 - 0.5 

0.1 - 0.25 
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Of thc ... e t\\O regulatory hormone~;. the juvenik hormone \\a..' the first 10 l~come a 
... tarting point for rcse~m:h aimed at devdoping compounds which ("it her mimic the natural 
hormone and di:-.rupt the hormonal halance hy imitating an mcrdo:-.age or false presence 
of the n;1tural hormone. or con\"ersdy. hlock its hiosynthesis. acting as anti-ju\"enile 
hormones. 

Figure I :-.hm\s the chemical strucmre of one uf the four dosdy rdated natural 
juvenile hormone:-.. J 11-11. and ~lmle typical representati\"es of the several hundred synthetic 
juvenile hormone mimi\.-s prepared hy different authors. Those which \\1ere prepared in 
the late sixties were closely rdated to the natural hormone. but with time. compt'unds 
increa ... ingly remote from the natural jm·enile hormone were discovered a...; highly active 
juvenile hormone mimi\.-s. 

Methoprene and ft!nm:ycarh (figure l) received formal regulatory status in plant 
protection. hut the use of these two pro<lucts hecame limited to s~cial applications. in spite 
of the fact that they are harmless to mammals, fish and hird!'>. The main limiting factors in 
their application are th~ narrow range of activity on different insects and their action only 
in the critical devdopment stage which requires absence of natural juvenile hormones. 

The opposite. anti-juvenile hormone, approach aims to disrupt rather than mimic 
juvenile hormone function. Compounds "'cting a..-; anti-juvenile hormones exert their 
activity hy various mechani:-.ms, such as acting as metabolic analogues of bioimermedia tes 
in juvenile horml'ne synthesis [8. 9] or through a speci.fic \.')'totoxic action on the corpm 
allawm. the insect organ responsihle for jm·enile hormone production [IO). 

Though none of the ami-juvenile hormones have reached practical utilization. their 
practic.11 potential is higher than that of the juvenile hormone mimics. 

Research on mimics and antagonists of the moultir.g hormone (ecdysterone). the 
other key memher of the in:-.ect de\"elopment regulatory system. was impeded by the 
complicated chemical structure and high cost of this hormone. Recently, however. an 
in!'>eCticide derived from hydrazine ( RH-5849) was described which acts as an ecydysterone 
mimic ( 11 ]. In contrast to juvenile hormone mimics. where structural similarities between 
the naturai jm·enile hormones and their synthetic analogues might explain their similar 
activity. the ecydplerone mimicking action of RH-5849 cannot be explained on the basis 
of structural similarities. Chemical formulae of ecdysterone and of RH-5849 are shown in 
Figure 2. 

The discovery of the ccdysone agonist activity of mimicking RH-5849 will give ~trong 
impetus to research on compounds interfering with moulting hormone function and 
hiosynthesis. 

The in:-.c(t hormonal approa'h is only one part of non-conventional, selective insect 
control strategics. ('om pounds affecting hiosyntheis and sclerotizalion of the insect cuticle. 
insect-specific ncuropeptides and chemicals affecting !nscct behaviour. such as phero
mones. antifceJanls <tnd egglaying delerrents may serve as further promising targels in the 
search for :-.elective <inti-insect agents. Yet experience of the past 1wo or three decades h<1s 
dashed earl~ enthusiastic expectations that lhese new approaches can lake over the role of 
the convelllional insecticides. A more realistic vie\\point suggesb that the presently 
known non-conventional •1lternative anti-insect age ms can complement ralher than replace 
the tr•1<litional inse,licides used in today's agricultural practice. 

Research in this field has to face therefore a dilemma. If the: search for new 
compounds remains \\.ithin the limits of lhc non-cm:entional anti-insect <1gents which are 
already kno\\ n. !hen accumulated knowledge provides a rdatiwly good chance of succe:o.s 
hut one has to cope'" i1h all prcdictahk drawhack' asso,iated with 1hc given groups. Escape 
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from these limitation.' re4uires leads representing hitherto unknown insect-specific acti
vities. but research pursuing this a:m has to face a lower probability of finding a'-1ive 
substances. 

RESEARCH PROGRAMMES WITHIN THE UNDP/UNIDO SUPPORTED 
PROJECT DEVELOPMENT OF NON-TOXIC INSECTICIDES 

When planning our UNDP/UNIOO supported project ;,Development of non-toxic insec
ticides" we started research programmes representing both long term objectives aimed at 
finding new le~ds with hitherto unknown or scarcely investigated insect-specific activities 
and a more closely practic\!-oriented programme focused on the development of novel 
juwnik hormone mimics. 

Disconry of Anti-spir.acular Effect 
A programme launched in cooperation with the Zoology Department of the University of 
Washington. Seattle. Washington. United States of America. was f<X..-used originally on the 
development uf compounds which could selectively inhihit the biochemil.al mechanisms 
regulating sderotization and thus hardening of the insect cuticle. Some of the compounds 
designed and synthesized by us on the basis of rational considerations showed a hitherto 
unknown phy.'.\iological activity: following treatment of third in5tar larvae some of the 
larvae died during molt to fourth instar; those which survived were lacking most of their 
abdominal spiracles, openings needed for respiration, and the crochets. prolongation of 
ihe kgs needed for the larvae to hold themselves on the plant. This response repeated 
itself in the fourth to the fifth larval transformation. Some of the compounds showing this 
activity [ 12. 13j are presented in Figure 3. 

Further research in this field i!-. in progres.-; to elucidate structural requirements and 
mechanism of 1 hi-. activity, as well a.\ to reveal its possible significance in regard to selective 
insect control. 

Insect Egglaying Deterrents 
A further cooperative programme within our UNDP/UNIDO supported project was 
performed joinlly with the Pesticide Research Center of Michigan Statc Univer-;ity, East 
Lansing. Michigan. United States of America. The programme was focused on com
pounds disrup1ing the developmental cycle of insects by preventing egglaying. 

The starting point of this work was the previous finding of Hollingworlh el tJ/. ( 14), 
our cooperation partners. that cinnamaklehyde acts as a strong inhihitor of egglaying oft he 
onion tly. In our suhse4uent cooperation we regarded cinnamaldehydc as a lead compound 
and synthesized an array of related suhstances, out of which the compounds shown in Figurc 
3 reveakd highest detcrrent activity, surpassing that of cinnamaldehyde ( 15). 

Inhibitors or Moulting Hormone Biosynthesis 
We synthesized the imidazole and triazole-containing compounds PIM and sPTM showri 
in Tahlc J, as wcll as their "soft alkyl dcrivatcs" hy using the soft drug approach developed 
by Bodor •md co-workers ( 16, 17) in rational drug research. PIM <Jnd sPfM arc imidazole
and triazole-an•ilogucs, respectively, of mctyrnpone, which is a potent inhibitor of a 
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TABLE 3 
IM-iIBITIOO OF ECDYSO\'E-20-+u«xJXYGENASE ISQATED FRCJ-1 THE FAT 

BODY OF NEOBELLARIA BULLATA LNNAE 

E-20-M ACTIVllY {FMll...f Hf f'G 

PROTEIN) 

CONCENTRATION {M) lo-4 lo-' lo-6 io-7 
0 

~NAN (PIM) o.~ l.ll 6.19 12.34 
'-" 

0 

~A~0yc11823 * 5.52 2.16 
~Cl O sPIM 

0 

~N" (PTM) 10.52 
'N.I 

0 

~~~0y=118n Nd Cl 0 sPlM 
5.9'2 9.72* 

r£TYRAPOOE 0.18 0.9'2 4.38 11.66 
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l·ytochromc: P-450-dc:i:x:ndent monooxygena. .. c: enzyme involn!d in moulting hormone 
hiO'.'t\"lllhC:'.'ti'.'t. 

Tahk 3 prc:'.'tcm'.'t lhe s1ruc1urc of 1hc: compound~ and their in i·itru acti,·i1y on 
c:qd~:-.onl..'-2ll-monooxygena.~. Though 1he two compounds did nol surpa.':-. me1yrapone 
in regard lo lhi:-. in 1·i1ro enzyme inhihi1ory activity. under in 1-ii-u conditions sPTM strongly 
inhihi1ed puparia1i,,n. while mc:1y:-:1pone revealed slight acti,·i1y in this respect [ 18). 

De\elopment of New Ju,·enile Hormone \limics 
The: prac1ice oric:med programme o!· our projel·t pursued lhc: aim of developing new 
sdeciiH~ anti-insecl agcnb a.' juvenile hormone mimics. 

We: approached this goal hy making use of the pm-drug principle!'.'>. rt:scarch slrategies 
which kJ lo significant results in drug research. to find anti-im,ect agcms acting a.' juvenile 
hormone mimit".'>. 

A pro-drug i:-. a hiologically active compound which is inacti\e in its original form and 
is transformed into its active state by the organism. Due to their impro,·ed physicochemical 
properties. pro-drugs often possess enhanced capaci1y lO move through biological mem
hranes and to reach the site of action where the active form is released to perform iu. 
ac1ivi1y. This concepl has hec!n known for half a cemury. An early example of a pro-drug 
is prontosil u:-.ed for 1he trealment of s1rep10coccal and pneumococcal infections [I'>). It is 
metaholically converted into p-aminohenzenesulfonamide responsihk for the therapeutic 
action 120. 211. 

Fukuto and co-workers (22. 23. 2-11 in the Cnited St<ltes and independently Drabek 
and as:-.oci<lte'.'t (251 in Switzerland adopted the pm-drug principle for insecticide research. 
They prcp;m:d sulknylated and sulfinylated derivates of known carhamate type in'.'tec
ticidl.!s. The rationale for the design of these derivates wa.' hased on the premise of 
introducing a ffdelay factorff into methykarhamatcs, resulting in r~duccd mammalian 
toxi'-·ity along with retl.!ntion of in'.'tc:cticidal activity. 

Fc:no.xycarh. a highly active juvenile hormone: mimic devdopcd hy Fischer. Masner 
and co-workt:rs 12h. 271 served as tht: lead compound in our invt:stigations. We attempted 
to :-.uhjcct thi:-. compound to different :-.tructural modification'.'> applied in pro-drug and 
pro-pesticide rc:-.earch. Most of 1hese altempts failed for chemical reason:-.. hut we suc
ceeded in :-.y111he,izing its sulfonyl<lled and :-.ulfinylated derivatives. Out of 12 compounds 
prepared the four compounds depicted in Figure .J showed the highe'.'tt activity and were 
:-.elected for more detailed tesb. Compounds 1-3 are unsymmetrical sulfenylated deriva
tive ... Sapogen<lt-T-130. a surfactant h•1ving excellent translocation characteril'ltics in mam
malian org<rnisn1:-1. was used as a huilding hlock in synth.::-.izing Compound 3, aimed to 
facilitate movement through biological mem:Jranes in the insect organism. Compound 4 
is•• :-.ymmetrical :-.ulfinylatcd derivative. 

Data in Tahlc 4 indicate that the biological activity of Compund 4, marked with the 
code numher NKl-35120. surp<ts:-.es the activity of the lead compound fcnm:yc;1rh again .. t 
variou' in~.ects. The most proh;1hle explanation for this increased activity i~ that the 
sult"inyl<ited deri••<itive possesses improved translocation d1aracteristic:-. ia the insect organ
isms. thus fot·ilitating its movemt:nt to the site of action. 

Patcnls have hcl!ll grantl!d for these compounds in a numhcr of countrie:-. and '.'>Omc 
of them ••re under exh:ndcd gla-.:-.hou:-.e and fidd ev<iluation in 11 ungary <rnd other countric-. 
again ... 1 variou' in-.ect pest-.. 

Exi-.ting pesticides applicJ in huge tonnages c•urnot fulfil the gnl\\ing demand~ of 
environmental '"fcty. Growing llW<1rcness of the puhli1: towards toxic 'uh,tanc.:c:-. in the 
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environment may bring even greater restrictions on pesticide usage. creating an urgent 
need to intensify the search for ahernative pesticides usable in reduced dosages and 
posse~·sing a high degree of selectivity to the target organism. 

TABLE4 
Insecticidal activity of NKl-35120 

Mussel purple sl.-.lle. lepidosaphes beckii; orange plantation field test (Egypt) 

NKI-35120 0.1% 
Fenoxyc-.trh 0.1 % 
Untreated 

Activity 
(%] 

90.8 
65.1 

Egg production 
[eggs/female] 

9.7 
13.7 
29.7 

Larvae of the cabbage moth. Pieris brassicae; topical treatment 

NKl-35120 
Fenoxycarb 

ED50 
(ng/larva] 

2.b 
21.0 

Larvae of the tleshfly. Sarcophaga bu/Iara; topical treatment 

NKl-35120 0.25 .ug/larva 
NKl-35120 O.I0.1~g/larva 
Fenoxycarb 0.25 11g/larva 
Fenoxycarb 0.10 µgi'larva 

Mortality 
[%) 

100 
50 
87 
27 
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ABSTRACT 

Groundwater contamination may arise as a consequence of the 
agricultural application of pesticides. Surveys of drinking 
water and groundwater in the United States indicate that the 
problems occur over widely distributed areas. Concentrations 
in most cases are well below the health advisory guideline 
levels published by the U.S. Environmental Protection Agency 
(USEPA) • The U.S. Department of Agriculture and the U. s. 
Geological Survey have also mounted large-scale programs to 
discover the extent of the problem. 

Point sources of contamination may be important in some 
instances and the likelihood of contamination at the well head 
may be reduced by modifying farm practices. 

Contamination of groundwater as a result of agricultural 
use of pesticides depends on a number of factors including: the 
properties of the chemical used, the nature of the soil and the 
site of application, agricultural practices employed, and 
climatic factors. A considerable research effort initiated by 
the USDA involves several approaches: recognition of 
situations that are vulnerable, predictive modelling of 
movement of pesticides through soil, investigation of 
management practices to remedy the problem, novel technology, 
such as the use of controlled release pesticides, band 
application, pesticide combinations, and combinations ~)f 
chemical and non-chemical measures. 

Similar problems of groundwater contamination may be 
anticipated in the developin;J countries. Whether or not they 
occur will depend on the factors indicated previously. It is 
important to avoid such contamination. This will require that 
pesticides be used judiciously and that vulnerability for 
potential degradation of groundwater quality be recognized. It 
is necessary that pesticide users be made aware of the 
~ituation and that educational and regulatory programs address 
the issue. 



316 

INTRODUCTION 

In the United States, groundwater is an important source of 
drinking water supplies - about 50% in 1983 - and it also 
supplies about 80% of rural and livestock needs and 40% of 
irrigation needs, according to the US Geological Survey. 
Estimates prepared in 1984 suggested that 2% of the nation's 
groundwater contained contaminants from a variety of sources 
including agricultural chemicals and an Office of Technology 
analysis reported that over 200 substances had been detected in 
groundwater [1]. The report summarized the numbers of sources 
and amounts of material flowing through or stored in sources. 
Among potential sources of groundwater contamination were 
pesticide and fertilizer applications. Active ingredients of 
pesticides were applied at an estimated 260 thousand tons per 
year as 280 million acre treatments. Fertilizers were applied 
at an estimated 42 million tons per year as 29 million acre 
treatments [l]. 

The problem of nitrate contamination must be included to 
provide a complete view of water quality problems that face 
agricultural management. Public concern over water quality 
issues increased during the 1980s. Monitoring programs were 
intensified and pressures for legislative action increased 
[2]. In 1986, the United States Environmental Prot.;ction 
Agency reported that 17 pesticides had been detected in the 
ground water of 23 states in concentrations that ranged from 
trace amounts to several hundred parts per billion [3]. 

A recent bibliography containing 7800 citations selected 
from the international literature on agricultural aspects of 
the pollution of ground and surface waters indicated the scope 
of the problems and the issues raised [4]. 

Concern arosen over the presence cf these contaminants, 
even in the absence of demonstrable adverse effects. Because 
groundwater is the primary source of drinking water for many 
rural and urban communities in the Cornbelt, knowledge of the 
extent of contamination has stimulated public demand for 
changes in agricultural practices to eliminate potential 
contamination. 

IMPACT OF PESTICIDES AND FERTILIZERS 

In the United States, increases in agricultural production were 
accompanied by increased use of chemical fertilizers, 
pesticides and other chemicals by the farmer. Particularly 
notew~rthy is the increase in herbicide use in the past twenty 
years. Persistent ini3ecticides, such as DDT, were replaced by 
less persistent compounds such as the organophosphates. At the 
same time, alternative techniques for insect control were 
introduced and the adoption of "integrated pest management" 
was effective in reducing insecticide use. 

Nevertheless several insecticides have been detected i~ 
groundwater and their occurrence is dependent or ' class of 
compound, usage patterns, and hydrogeological and climatic 
factors in the area in which they were used. 

In A.ugust, 1988 the USEPA began a National Pesticide 
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Survey to measure the content of more than 100 commonly used 
pesticides in community and private drinking-water wells. An 
interim report was released in September 1989 giving findings 
based on 295 water samples. Six of the 180 community wells and 
9 of the private wells tested showed some level of pesticide 
residues. Three of the 15 :.·ells contained pesticides at 
concentrations above the health advisory levels. Of the 
community wells, 79 contained nitrate/nitrite residues, as did 
66 of the private wells [5]. The drinking-water standard for 
nitrate of 10 parts per million was exceeded in 8 of these 145 
wells. The completed survey will include data from about 1350 
wells. 

An earlier USEPA report summarizing the available data on 
pesticides in groundwater [6] included data from about 150 
monitoring studies and stated that normal agricultural use had 
led to residues cf 46 different pesticides in the groundwater 
of 26 states. A total of 74 pesticides were detected in the 
groundwater of 38 states from all sources, including normal 
agricultural use, spills, and residues from mixing, loading and 
disposal of pesticides. Other sources included back-siphoning 
into wells during irrigation. Most concentrations measured fell 
below USEPA's health advisory levels. 

The U.S. Geological Survey has also initiated national 
programs to monitor public water supplies. 

The contamination of groundwater by herbicides and 
nitrates is of particular concern in the north-central and 
eastern regions of the United States where most N, K, and P 
fertilizers are used and pesticide application to corn and 
soybeans is considerable [7]. Agricultural chemicals ca~ be 
found in many of Iowa's groundwater aquifers and these commonly 
exhibit nitrate concentrations above the maximum contaminant 
limit of 10 mg/l N03-N (45mg/l as NO)) [8]. 

Other States have reported similar problems. A study of 
the Columbia aquifer in the Central Delmarva peninsu~a, 
Maryland, showed that nitrates were the most common 
contaminants in water samples (9). Although the oquifer 
serves as a major water source, many wells have been abandoned 
because of high nitrate concentrations. Analyses of water from 
604 wells for nitrogen species (nitrate, nitrite, ammonia, and 
organic nitrogen) showed that over half the samples collected 
contained nitrate concentrations greater than 3 mg/l as 
nitrogen. The water quality standard of 10 mg/l nitrate was 
exceeded in 15% of the samples included in the study. 
Hydrogeologic factors are also of major importance and the 
Columbia aquifer in the study area lies under shallow, well
drained, ·.mconf ined flow systems where contaminant sources such 
as chickenhouses, fertilized fields, septic tanks, and sanitary 
landfills can be identified. 

Specific chemical findings were summarized in 1987 in a 
report by the International Union of Pure and Applied Chemistry 
( IUPAC) Commission on Pesticide Chemistry [ 10]. In 1985, a 
report of USEPA studies (11) stated that 17 different 
pesticides had heen detected in the ground water of 23 states. 
The IUPAC report stated that roughly 6500 wells of the 13 
million wells in the United States contained pesticide 
residues. Recent surveys indicate that the problem of 
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pesticide contamination may not be as extensive as was 
originally feared, although certain areas of the country are 
more vulnerable as a result of geological and hydrological 
factors, and agricultural systems. 

A report from the Monsanto Agricultural Company of the 
National Alachlor Well Water Survey ( 12] contains similar 
data. From a total of 6 million rural, domestic wells in the 
areas where alachlor was used, a tJtal of 1430 wells in 89 
counties in 26 states was selected at random and water samples 
from these wells were analyzed over a one-year period beginning 
in June 1988. Five herbicides were included in the analysis: 
alachlor, metolachlor, atrazine, cyanazine, and simazine. Gas 
chromatography/mass spectrometry was used for the analysis and 
the detection limit was 2 parts per 100 billion. Nitrate 
levels were also measured in water from t~ese wells. 

Nitrate was expected to be detectable in 52. 3% of the 
wells and approximately 5% were projected to contain nitrate in 
excess of the USEPA Maximum Contaminant Level of 10 parts per 
million (ppm). The majority were expected to contain nitrate 
levels generally less than 3 ppm. No herbicides were 
detectable in 87% of the wells tested. In 0.1% of the tested 
wells, herbicides were present at levels exceeding the USEPA 
Health Advisory Level. Atrazine was the most commonly detected 
herbicide and was found in 12% of the wells, generally at 
levels less than 0.5 ppb. Less than 0.1% of the wells were 
estimated to contain levels in excess of the Health Advisory 
Level of 3 ppb. In the ~ase of alachlor, detectable levels 
were projected for 0.78% of the 6 million wells surveyed and 
only 0.02% were expected to contair levels in excess of the 
Health Advisory Guideline of 2 ppb. Similar findings were 
reported for metolachlor. 

The European Community Drinking Water Directive 
(80/778/EEC) requires that no single pesticide shall exceed 
O.lµg/L and the total pesticide concentration shall not exceed 
0.5µg/L. The World Health Organization has proposed that a 
fraction of the Acceptable Daily Intake (ADI) should be 
allocated to drinking water. A similar approach has been 
proposed by GIFAP (International Group of National Associations 
of Manufacturers of Agrochemical Products). 

A recent position paper from GIFAP (13) summarizes 
recent monitoring surveys and concludes that monitoring results 
indicated that in the majority of water samples analyzed 
pesticides were not detected. The report cites a study in the 
Federal Republic of Germany in 1986. In this study 13,000 water 
analyses were conducted on samples from 206 wells. Less than 
o. 5% contained pesticides above O. lµg/L. The report also 
states that broadly similar results were obtained in surveys of 
both ground and surface water in France, the USA an<l 
Switzerland, with some local variations. 

Typical levels of chemicals detected in these surveys are 
in the low or fractional parts per billion range (µg/L). In 
some instances, the detection of higher levels suggests that 
contamination originates in point sources and that in these 
cases the well may have been contaminated by chemical spillage, 
cleaning application or mixing equipment near the wellhead, or 
some other faulty practice. 



HEALTH ADVISORIES 

When the presence of pesticides and nitrates in groundwater 
became a major public issue, the USEPA issued drinking-water 
health advisories for 55 pesticides selected because of their 
potential for leaching to groundwater, high sales volume and 
potential health impacts. The Health Advisories contained 
information on health risks and treatment technologies [14] 
and specified levels of chemical concentrations in water 
acceptable for drinking. Examples of levels are: alachlor 0.4 
µg/L; atrazine 3 µg/L; aldicarb 10 µg/L; 2, 4-D 70 µ.g/L; 
diazinon 0.6 µ.g/L; 1,2-dichloropropane 0.6 µg/L; dieldrin 0.002 
µ.g/L; nitrite 1 mg/L; nitrate 10 mg/L ; and ethylene dibrornide 
0. 0004 µg/L. 

Excessive amounts of nitrate in water may cause 
methemoglobinemia in ir.fants ( 15] • This condition occurs 
most often at nitrate levels > 100 mg NO:y'L, but is rarely 
observed at 50 mg/L. In addition, the potential harmful 
effects of nitrite lie in its ability to react with biological 
nitrogenous compounds to form potentially carcinogenic N
nitrosamines and since nitrite concentration is directly 
correlated with nitrate content, it has been suggested that 
reduction of the 50 mg/L nitrate level as an upper acceptable 
figure would be a meaningful prophylactic measure [16]. The 
presence of nitrate may also indicate that other forms of 
contamination are present. 

VULNERABILITY 

Major factors in determining leaching potential are the 
chemistry of the active ingredient and the type of formulation, 
but whether leaching will actually occur will depend on the 
time of application, soil type, climatic factors, cultural 
system, etc. 

A system has been described of evaluating the water 
pollution potential for any area in the United States. The 
system incorporates hydrogeological settings upon which are 
superimposed relative ranking factors. The concept of 
hydrogeologic settings is used to describe mappable units that 
possess cotr.::non major geological and hydrological features 
controlling groundwater movement. The ranking system is known 
as the "Drastic" system and the factors included as a basis for 
ranking are: the depth to the water table; net recharge to the 
aquifer; soil media; topography of the land surface; impact of 
the vadose zone; and the hydraulic conductivity of the aquifer. 
The vadose zone is the unsaturated zone below the soil surface 
above the water table. The acronym "Drastic" is derived from 
the initial letters of the system components: 

DEPTH to ground water 
RECHARGE of ground water by rainfall and irrigation 
AQUIFER MEDIA 
SOIL MEDIA 
TOPOGRAPHY (slope of land surface) 
IMPACT of vadose zone 
CONDUCTIVITY (hydraulic conductivity of the aquifer) 
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Each component is allotted a numerical rating from 1 to 10 
and addition of ratings multiplied by weighting factors gives 
a total score that can be used to identify areas vulnerable to 
groundwater pollution. The higher the score, the greater the 
vulnerability of the area [17]. 

IMPACT OP SPBCIPIC CBEIUCALS 

A number of chemical and physical criteria are used by 
reyulatory authorities in assessing potential for leaching, 
including: water solubility greater than 30 parts per million: 
a hydrolysis half-life greater than about 25 weeks; a soil 
half-life that is more than 2-3 weeks; and a soil partition 
coefficient (kd) value less than 5. Any one of these criteria 
may be reason for the categorization of the material by the 
USEPA as having the potential to reach groundwater [18]. 

PERSISTENCE OP CHEMICALS ARD TRANSPORT 

Pesticides are transported by water that percolates through the 
soil layers. The potential for chemicals to reach ground water 
requires an understanding of the processes influencing the 
water flux and the transport of chemicals through soil i.e. the 
physical and chemical processes that occur in the various soil 
zones. The root zone is the zone in which biological and 
chemical processes are important. Below this lies the vadose 
or unsaturated zone and this overlays the saturated zone. 
Water flow is dependent on soil structure. The relative pore 
sizes are important and the flow through macropores or channels 
formed by plant roots, soil animals or insects are mechanisms 
by which pesticides may be transported to depths below those at 
which the bulk of the applied pesticide is found. 

The interaction between a chemical and the soil is 
dependent on the structure and reactivity of the chemical and 
the composition of the soil. The organic matter content of 
soils is important because the binding ability of soils 
containing considerable amounts of clay and organic matter may 
substantially reduce the mobility of some pesticides as 
compared with their movement in well-drained sandy soils. 

The routes by which pesticides or fertilizers may enter 
surf ace waters are: runoff; leaching to ground water and 
subsequent transport to surface water; drift; volatilization 
during or after application; and erosion by wind or water. 
Volatility is a. function of the vapor pressure of the 
pesticide. However, rates of loss by this route depend not 
only on temperature but also on the nature of the environmental 
surface. Volatilization and drift may be important routes by 
which pesticides are lost during application, but the extent of 
deposition of pesticides in rainfall, fog etc. is not known. 
There are few measurements but these indicate that in rainfall 
events a significant amount of material may be washed out 
[19). 

Runoff is a source of loss and chemicals may be 
transported directly to surface water by this route. The loss 
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due to runoff may be as much as 5\ from fields of moderate 
slope or 2\ from fields of low slope (20]. Higher losses may 
occur if there is heavy rainfall producing substantial runoff 
during the first two weeks after application. 

Consideration of physical properties may indicate that a 
coMpound may have potential for leaching. However, it is also 
necessary to consider its susceptibility to degradation in the 
root zone. Diazinon, for example, is quite water soluble (40 
ppm at 4o·c) but it is rapidly hydrolyzed at 
environmental pHs. The half-life is 561 hours at pH 7 and 
3o·c, and at 5o·c this is reduced to 76 hours. A decrease in 
pH of 2 units reduces the half-life to 42 hours at 30"C. 
Therefore it is unlikely to reach ground water because it will 
be readily degraded (21]. 

MODELS 

A recent worksho~ report (22] lists about 60 models and data 
bases pertaining to water quality with brief descriptions, 
applicability, type, and availability. The models serve many 
different purposes. The Agrichemical Leaching Loss Algorithm 
being developed by the Economic Research Service of the USDA 
estimates potential pesticide loss by leaching that may result 
from the geographic distribution and production of major us 
crops. It will predict effects of changes in use of specific 
pesticides; regional shifts in crop production; and the effects 
of removing certain types of land groups from production. The 
CREAMS model {Chemicals, Runoff, and Erosion of Agricultural 
Management Systems) is a simulation model for field-size areas 
that will permit evaluation of alternative management 
practices. The Exposure Analysis Modeling System (EXAMS) is an 
EPA model that can be used to evaluate the fate of chemicals in 
a wide range of aquatic environments. The Nitrate Leaching and 
Economic Analysis Package {NLEAP) is designed to assess water 
and nitrate-N budgets for crop root zone and shallow aquifers 
from inputs of farm practices, soil, climate, aquifer data and 
economic information. It will estimate potential leaching of 
nitrate-N from agricultural lands and potential impacts on the 
quality of ground water. 

The Drastic system was developed by the USEPA as a 
predictive tool to assess groundwater pollution potential on 
the basis of known factors that are readily available for most 
parts of the United States. Other models have been developed 
and applied such as the Pesticide Root Zone Model {PRZM) used 
to evaluate the potential of pesticides to leach through to 
groundwater ( 23]. This is a one-dimensional model that 
includes interactions of pesticides in surface runoff (in water 
and on eroded sediment), advection in percolating water, 
molecular diffusion, uptake by plants, sorption to soil, and 
chemical and biological degradation. The model was tested for 
aldicarb using data that had been obtained at sites in New York 
state, Florida, and Wisconsin (24). 

Modelling depends on assumptions concerning flow 
processes, an1 requires data inputs that include the physical 
properties of chemicals, their interactions with soil 
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components, their rates of degradation, etc and describes flow 
processes by combining the laws of conservation of mass with 
solute and water flux equations. 

Deterministic models are limited in value by their failure 
to take into account flow mechanisms that serve to transport 
chemicals to ground water by preferential flow mechanisms 
(macropore flow, complexation with soil components, etc. ) . 
~hese pathways are randomly distributed in space and must be 
considered by inclusion of a stochastic component within the 
model (25]. A field experiment was conducted in which 
leaching of chemicals by sprinkler irrigation was investigated. 
Analysis of soil core samples showed that a fraction (20%) of 
the chemicals, napropamide and prometryn, did not appear to be 
adsorbed and was found at depths lower than any predicted by a 
pesticide simulation model. It was suggested that a mobile 
organic complex or attachment to fine colloidal particles may 
be responsible. 

RESPOHSES TO THE PROBLEM IR THE USA 

In the United States, the response to the question of water 
quality was enunciated at the national level by President 
Bush's announcement of his Initiative to Enhance Water Quality. 
The US Department of Agriculture (USDA) and the US Geological 
Survey (USGS) were given specific assignments under the 
initiative and their research efforts were closely coordinated. 

To approach the problems of contamination of ground water 
by pesticides and nitrogen fertilizers, the research agencies 
of the USDA in cooperation with other Federal and State 
institutions undertook a broad-ranging program to provide 
needed information and technology. The objectives were to 
improve the understanding of processes that determine 
agricultural productivity, and the fate and transport of 
3gricul tural chemicals. An important component of this program 
was the Midwest Initiative to assess the severity and extent of 
the ground water problem in selected corn and soybean 
production areas of several Midwestern States. A systems 
approach will then be used to determine the combinations of 
production practices that best satisfy the economic, 
environmental, and social needs of the region. 

The goal of the national plan formulated by the 
Agricultural Research Service (ARS) of the USDA is to provide 
an adequate quantity of ground water of· high quality in the 
presence of sustained agricultural activities (26]. This 
entails an assessment of the severity and extent of 
agriculture's impact on water quality and the development of 
new and improved agricultural systems that are cost effective 
and enhance ground water quality. A number of objectives have 
been defined: 

"l) Document sources and amounts of potentially hazardous 
contaminants in water whi~h are attributable to current 
agricultural and forestry practices, and identify the basic 
processes involved in their movement through soil and into 
groundwater. 

2) Develop new field and laboratory methods for rapidly, 



reliably, and inexpensively analyzing pesticide residues and 
for determining the rates at which water and chemicals move 
through soils to ground water. 

3) Develop new and modified conservation-production 
systems that substantially decrease the movement of potentially 
hazardous chemicals into groundwater, and determine the 
effects of these new systems on farm costs, changes in farm 
inputs, and production choices. 

4) Develop simple, inexpensive, onfarm methods for 
disposing of pesticide containers and wastes without 
contaminating groundwater. 

5) Develop decision-aid systems that may be used by 
technical and farm management specialists, Extension agents 
,and farm consultants to help individual farmers select, apply 
and manage profitable and environmentally sound crop production 
practices. 

6) Evaluate the economic, social, and political impacts 
of alternative production systems, policies, and institutional 
strategies to control groundwater contamination." 

The USDA announced its Midwest Research Initiative in May 
1990 and stated that 5 areas overlying aquifers in 9 midwestern 
states had been selected. This effort will be combined with 
the US Geological Survey's Mid-Continent Initiative. USDA and 
State research institutions will focus on the upper, 
unsaturated part of the soil and USGS will emphasize the 
underlying saturated soil and the saturated groundwater syst:em. 

IMPLICATIONS 

The results of surveys in Europe and the USA indicate the 
potential problems of ground water contamination by pesticides. 
Fortunately, the impact of pesticides on water quality appears 
to be limited to specific areas. However, the question of 
nitrates remains to be resolved. 

In the framework of developing agricultural systems, the 
increased use of chemical pest control methods may off er many 
advantages through substantial increases in yield and reduction 
in labor costs. Pesticide chemicals also play an important 
role in improved land management, as in their use in 
conservation tillage systems to prevent soil erosion, weed 
control on railway tracks and other rights of way, rodent 
control, and public health programs. 

However, there must be an awareness of the implications of 
their use for humans, animals, and the environment. Both legal 
and educational aspects are essential components of sound 
management of pesticide use. It is important to provide strong 
enforcement capabilities to ensure that regulations and 
guidelines are followed. The United States, through the Land 
Grant University system possesses regional extension systems 
whos2 personnel are familiar with local farming communities and 
practices. These contacts have created working cooperation 
between farmers and experienced extension workers who can 
recommend practices suited to local cultivation and soil 
ayitems that are not only profitable but also avoid adverse 
environmental impacts. Thus, the USEPA and State environmental 



protection authorities remain free to operate independently in 
their concern over environmental impacts. This reduces 
internal policy conflicts and actions in environment~! matters 
can be determined ~fter consultation with agricultural 
officials or other groups. 

This relationship among the agricultural coromunity and the 
organizations involved in environmental protection is important 
in serving the needs of the whole population. The question of 
water quality is a major issue because in most countries water 
is a critically important but limited resource. The success of 
China's agriculture has throughout history depended on 
effective management and allocation of water resources. 

If the expansion of chemical use is not to endanger water 
resources, careful consideration must be given during the 
process of official approval of each chemical as to its 
potential to contan:inate water, based on knowledge of its 
chemical structure, proposed types of formulation and 
application, the agricultural system in which it will be used, 
patterns of use, lC"cal geological, hydrological, climatic, 
topographical, and other factors that affect this potential. 

Research in the field or laboratory may be important in 
establishing whether the potential for contamination is 
substantial and, if the chemical is to be developed for large
scale use, what techniques can be used to r..!medy or avoid 
problems. Integrated pest management programs of fer promise of 
reduction in pesticide use. Rotational cropping systems or 
other cultural practices may be introduced or continued to 
avoid over-reliance on chemical methods of pest control. 
Methods of application should seek to minimize off-target loads 
and losses to water, soil, and the atmosphere. There should 
also be adequate data on dissipation of pesticides in soils 
according to locality, soil type, and climate. The most 
important factor in avoiding the potential contamination of 
community water supplies is the understanding of pathways of 
water flow and aquifer or surface water recharge pathways. 
This entails sound knowledge of the geological and hydrological 
features and a program of analysis of water from various 
sources. Improvements in formulation may improve efficacy and 
decrease mobility. Controlled-release formulations, possibly 
those based on locally-available raw materials (e.g. natural 
biodegradable polymers such as latex, starch, etc.) may be 
valuable in reducing mobility or improving effective use of 
chemicals. Above all, the chemistry of new pest control agents 
must be compatible with environmental as well as agricultural 
goals. 

Fertilizers, whether of chemical or animal origin, mu~t be 
managed in a conservative and rational manner. The addition of 
nitrogenous fertilizers will often increase crop yields in 
nitrogen deficient soils, but excess nitrogen that is not taken 
up by plants may enter ground water and contaminate wells or be 
lost by runoff to surface water. Erosion of soil from 
aqricultural lands deposits sediment carrying a burden of 
nutrients that may affect the quality of surface waters a~d 
reduce their economic value by reducing their ability to 
support fish populations, or to serve as sources for irrigation 
or community water supplies. The issue of nitrate content of 
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ground water is taking on greater dimensions with increased 
demands for water and growth in human population. Agricultural 
sources of nitrogen are supplemented by biological waste 
treatment plants, septic tanks, animal waste, etc. and these 
sources must be included in a management scheme that is to be 
effective in fertilizer management. 
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ABSTRACT 

Studies on the loss or degradation of pesticides applied to the tea plant demonstrate the 
roles of dilution through subsequent growth, photolysis, volatilisation, elution by rainfall 
and thermodegradation during processing of the shoots. Infusion may extract some of the 
remaining residues into the beverage for consumption. Parameters for judging suitability 
of pesticides for use in tea plantations are embodied in an equation to provide a numerical 
basis for selection. 

INTRODUCTION 

As with other crops, control of pests hy chemicals is widely used in tea plantations. Tea is 
ar. unusual crop for the following reasons. Firstly, the product of economic importance 
from the tea plant is the portion which is sprayed directly with the pesticide. The shoots 
of the tea plant are thin and tender, and the surface area per unit weight of leaf is relatively 
larger than with other crops (Table I). Secondly, the tea hush is harvested several times 
per year. Thirdly, the interval period between the spraying date and the plucking date is 
shorter than Nith other crops, and the plucked shoots are processed directly without 
washing. So, in comparison with other crops, the residue level of pesticide on tea shoots 
is highe1 L.Jndcr the same applied dosage. Fourthly, as a beverage, the pesticide residue in 
the processed tea may be extracted into the infusion during the brewing process. 



TABLE l 
Area-to-weight ratio of tea ka,·es and various vegetables 

Plant 

Cabbage leaves 
Cabbage 
Cucumber 
Tomato 
Spinach 
Celery 
Edible amaranth 
Tea: tender leaf 
Tea: mature leaf 

Area-to-wei~ht ratio 
(cm2{1) 

18.7 
0.8 
tJ.7 
0.h 

27.7 
38.~ 
5.).9 
41.7 
15.9 

DEGRADATIVE DYNAMICS OF PESTICIDE ON THE TEA PLANT 

329 

After pesticides are sprayed on the canopy of the tea plant, almost ail of them are degraded 
in two stages [I - 8). The first stage is the rapid degradative process dominated by the 
mechanism of evaporation, then followed by a slower degradative process. It can be 
expressed by a first-order kinetic equation: Ct = Co ert. where Ct is the pesticide residue 
at time t (mg/kg). Co is the initial pesticide deposit (mg/kg). r is the degradation rate 
constant of the pesticide (sec· 1 or day.1) and tis the time after the pesticide application 
(sec or day). Table 2 presents the degradation rate constant of pesticides in the tea garden 
and the half-life (HLso) of pesticides on tea leaves. The r values of organophosphate 
pesticides are generally within the range of 5 x 10·6 sec·1 to 40 x 10-<> sec· 1, while those of 
pyrethroids are mostly lower than 4 x Hf6 sec·1. The factors inducing the degradation of 
pesticides on the tea plant include growth dilution. photolysis, evaporation and elution by 
rainfall. 

Growth dilution plays an important role in the degradation of pesticides in the tea 
garden. This is because the tea shoot has a rapid rate of growth thereby producing a diluting 
effect on the residu'al pesticide attached to the tissue of the tea shoots. According to the 
re~;ults of an investigation on the degradation rate of cypermethrin on shoots at different 
developmental stages. the degradation rate of pesticide is proportional to the growth rate 
of tea shoots ( r = 0.98) (Table 3 ). The younger the shoots, the faster the growth rate and 
the larger the contribution of growth dilution to the pesticide degradation on the shoots. 
Investigation showe<l that growth dilution played a most significant role in the degradation 
of those per:•istent pesticides such as pyrethroids and organochlorine pe!-iticides. where 
<.Jilution contrihutes around 40-5W~ of reduction in concentration. 

Sunlight is abo an important environmental factor influencing the degradation of 
pesticides in the tea garden. According to the investigation. the photolysis rate of pesticide 
on the tea plant is dependent upon three factors: photo-quantum yield(¢) of pesticide in 
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TABLE2 
Degradation rate constant ;.uuJ half-li\'es of pesticides on fresh lea\'es 

Pesticide 

Dichlorvos 
Phoxim 
Trichlorfon 
Malathion 
Fenitrothion 
Dimethoate 
Phosmet 
Quinalpho-; 
Cypermethrin 
Permethrin 
cis-Cypermethrin 
Fenvalerate 
Deltamethrin 
Bifenthrin 
Cyhalothrin 
Dicofol 

Degradation rate 
-6 -l constant (x IO sec ) 

40.l 
33.3 
23.b 
21.b 
lb.O 
8.50 
6.90 
5.78 
3.20 
2.98 
2.77 
2.59 
2A8 
2.54 
2.3b 
2.08 

TABLE3 

Half-life (days) 

0.20 
0.24 
0.34 
0.37 
0.50 
0.95 
1.15 
l.39 
2.50 
2.70 
2.90 
3.10 
3.20 
3.20 
3.40 
3.85 

Degradation rate constant of cypermethrin on tea sh1>ots ar 
different developmental stages 

Growth stage 

Bud 
Bud and I leaf 
Bud and 2 leaves 
Bud anJ J leaves 

Growth rate constant of 
tea shoot ( dai 1) 

0.159 
0.131 
0.084 
0.070 

Degradation r~·te 
constant of 

cypermethrin on 
tea shoots (day· 1) 

0.292 
0.2 I.+ 
0.202 
0.142 

solid stare, extinction coefficient of pesticide (A.t) and irradiance intensity of sun
light( Lo.l. ). The former two factors arc physical properties of a pesticide, and the last factor 
is an external environmental facror. The quantum yield represents the fraction of photons 
ah!!torhed that result in photoreaction and can he estimated in the laboratory [9]. The 
extinction coefficient reflects the adsorptivity of pesticide to various wavelengths of the 
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light soun.:c and can he estimared hy -.pecrrophotomctcr. The irra<liancc intensity of 
su1!1ight is \"ariahle al differem latitudes and st'asons: ir may he 11htaincd from Ikner\ 
information ( 1972) [IO]. Table 4 lisb the •P \·aluc of 8 pesticides in solid state. The 
photolysis rate COibtant (kp) can then he obtained by the following e4uation: 

K ~ 303 ~ p = -'- . . : 3 l 3 -·-, 
_J .h 

where M is the molecular weii:!ht of pesticide. J is the Einstein constant (o.023 x ltr23 

photon Einstein- 1
), Eo~ i:; the irradiance intensity of sunlight (photon cm- 1 wa\·ekngth 

distance·') and W is the mass of pesticide used in the estimation of extinction coefficient ., 
(g cm--). 

TABLE-l 
Photolysis rate constant and 4u:rntum yidd for photolysis of solid-ohase pesticides 

under J 13nm monochromatic light 

Pesticide 

Fenvalerate 
Dimethoate 
Dicufol 
Buprofezin 
Cyµermethrin 
Malathion 
Quinalphos 
Parathion-methyl 

Photolvsis rate , I 
constant (hr° ) 

0.20100 
0.00153 
0.01324 
t>.00286 
O.o0.230 
0.00415 
0.04500 
0.04500 

Photo-4uantum 
yield (1>313) 

0.09390 
0.05020 
O.tl45 IO 
O.OJ820 
0.03010 
0.01980 
tl.00091 
().()0075 

Volatili:>ation is another important factor causing the loss of pesticides, especially 
tllO!'te which possess a higher vapour pressure (v.p.). Under the emironmemal condition 
of high air temperature, the rate of evaporation can he expres!'ted by the following equation: 
KE = C.VP.v'M where KE is the rate of evaporation. C is the constant which depcnds on 
the mobile state of the atmosphere in the system, VP is the vapour pressure of pesticide 
and M is the molecular weight of pesticide. So. in the s<1me system, for pe!'tticilles which 
have <1 similar molecular weight, the rate llf evaporation depends mainly on the vapour 
pre!'!sure. Tahle 5 presents results from an inve!'ttigation on the evaporation rate con!'ttant 
of different pesticides in a phytotron. These show that the larger thc vapour prcs!'ture. the 
more pesticide is evaporated. 

Rainfall elution is important <luring the first few days after applic:.Jtion. for those 
pesticiues which have a high w<1ter soluhility. An experiment with !'timulatcd rainfall on 
varioU!'t pesticides with <lifferent watcr !'toluhilities proved that the rnte of rainfall elution 
is closely rclate<l to the water !'toluhility of pcsticiues. In addition, the rate of elution is 
negatively correlateu with the interval between the time of spraying and onset of rain [I I]. 
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TABLE5 
Relationship hctween vapour pressure of pesticides and evaporation rate con~tant 

Pesticide 

Dichlorvos 
Fenitrothion 
Malathion 
Quinalphos 
Dimethoate 
Bifenthrin 
Fenvalerate 
Cypermethrin 

Vapour pressure (mhar) 

"l 

(20°C) 1.2 x 10·-
1.6 x Iff

4 (25°C) 
3 ") ff4 (25°C) ·-'- x l 
3.0x Hf4 (25°C) 
3.o x ur5 (25°C) 
t.8 x ur7 (25°C) 
2.8x 10·7 (25°C) 
3.., ff8 (25°C) __ x l 

Evaporation rate 
h -1 constant ( r ) 

30nC 40°C 

3.8340 10.4-i50 
0.1230 0.2034 
0.0314 0.1387 
0.0304 0.1306 
0.0180 0.09~5 

0.0019 0.0133 
0.0004 0.0006 
O.ll002 0.0007 

DEGRADATION OF PESTICIDE RESIDUES DURING THE MANUFACTURING 
PROCESS 

Tea shoots are the harvested portion of the tea plant. After plucking, the fresh shoots must 
pass through a manufacturing process. According to the investigation on more than 30 
pesticides, the residual pesticides in or on the fresh tea leaves are mainly degraded via 
evaporation and thermo<legradation during the manufacturing process. Those pesticides 
with high vapour pressure have a higher degradation rate [5, 6, 8}. For example, the VP 
value of dichlorvos, naled, fenitrothion, malathion, phoxim and quinalphos are within the 
range of Hf2 to lff°' mbar, and the degradation rates of these pesticides are as high as 
60-80%. Pesticides such as phosmet and parathion are intermediate ( 10·5 mbar), so their 
degradation rate is decreased to the range of 40-60%. With those pesticides such as DDT, 
permethrin, dicofol, deltamethrin, alpha-wermethrin, bifenthrin, fenvalerate and cyper
methrin which have a low VP value ( 10· - 10·8 mbar), the degradation rates are only 
around 20-30l/'c (Table o). 

EXTRACTIVE CAPACITY OF PESTICIDE DURING TEA INFUSION PROCESS 

When infused with hoiling water, pesticide residues contained in processed tea are partly 
degraded hy the high temperature of the water and partly dissolved in the infusion which 
is to he drunk hy humans. The amor.nt of pesticide extracted into the tea infusion depends 
on the water solubility of the pesticide. The extractive percentage \>f pesticides with higher 
water soluhilities (such as dimethoate and malathion) reached as high as 80-90£/C. Pes
ticides with lower water solubility (such as pyrethroid insecticides and DDT) have a 
relatively low percentage extracted (Tahle 7). 



TABLEb 
Percentage degradation of pesticides on fresh tea leaves ouring processing 

(data derived from several experiments) 

Pesticide 

Cyhalothrin 
Deltamethri!l 
Fenvalerate 
Cypermethrin 
Bifenthrin 
Permethrin 
DDT 
Dicofol 
Quinalphos 
Phoxim 
Dimethoate 
Fenitrothion 
Omethoate 
Malathion 
Chlordimeform 

Degradation ( c;t) 

12.l 
20.3 
22.8 
22.8 
24.6 
20.2 
29.0 
35.3 
52.6 
53.8 
61.1 
65.8 
67.0 
67.9 
71.1 

TABLE 7 

Standard 
deviation 

7.1 
12.2 
9.4 

16.9 
8.3 
9.7 
9.4 
9.2 

12.0 
12.1 
12.8 
4.7 

12.9 
11.b 
18.9 

Number of 
replicates 

11 
38 
36 
19 
16 
17 
15 
5 

22 
9 

14 
8 

11 
8 
7 

Relation between percentage extraction of pesticides in tea infusion 
from processed tea and water solubility of pesticides 

Pesticide 

pp -DDT 
Cyhalothri11 
Permethrin 
Cypermethrin 
Ddtamcthrin 
Dicofol 
gamm~1-BI IC 
Ouinalphos 
f'enitrothion 
M<.1lathion 
Dim~thoat~ 

Water solubility 
(mg 1" 1

) 

0.001 
0.005 
IU»O 
0.041 
0.1 
0.1 
7.0 

22.0 
30.0 

150 
251K)0 

Extractability of pesticide 
during infusion process ( C:,c) 

2.9 
2.9 
1.8 
1.2 ., ., 
6.5 

40.4 
70.9 
86.J 
98J 
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DESIG:\ OF PAR.\l\IETERS FOR SELECTll\G SLITABLE PESTICIDES FOR TEA 
PLAl\TATIO' USE 

Principles of Su•tabilit~· Assessment 
The r~~ulb presented above show that from ht!ing applied on the tea plant to being taken 
up hy the human. pesticide degradation mainly occurred in three stages: growth of th•_ tea 
plant. tea proce~~ing and tea infusion. The amounts of pesticide residue in fresh tea leaves 
at a specified time can be expre~~ed as 

(I) 

where C is the concentration· of pesticide residue (mg kg- 1) in fresh tea leaves at time t 
(days) after spraying, Cu is the original pesticide concentration and t1,2 (days) is the 
h~lf-life of pesticide on the tea plant. When fresh tea leaves are processed, 20-80~( of 
pesticitl ·on tea leaves can be lost. When the processed tea is infused with boiling water, 
only a part of the residue in processed tea can he dissolved in the infusion, which is the 
very part to be taken in hy the human. The amount of pesticide taken hy the human through 
tea drinking (C') can he expressed as: 

(2) 

where f 1 is c.( of residue left on tea after processing, f2 b the<;( of residue entering the tea 
infusion from the manufactured tea and Wis the consumption of tea (kg) per capita per 
dav. 

The principle for assessing pesticide suitability foi tea plantation use from the 
viewpoint of safety to the consumer is that the amounts of pesticide taken by the human 
through tea drinking should be less than the acceptable daily intake value (ADI), i.e. 

I I 

C: .: :\DI.~.' • f J (3) 

\\here w· is the average human body weight (kg) and fJ is the ( (of tea in the total diet. 

Model Dewlopment 
Combining equations ( 1). (2) and (3), and taking W.W· and fJ as O.Olkg. oOkg, and 0.5~( 
respectively, then the equation for pesticide suitability assessment is obtained: 

lnC0 + (-0.h9.d).T + lnf 1 + lnf2 + (lnAOT) <J.4 H) 

The minimum interval between pesticide application and harvest (T) can he calculated 
according to equation ( 4 ), provided all the five variables in the equation are known. 
Ordinarily. the interval period should not he longer than 10-14 days in the tea garden. In 
other words, all pesticides with T value larger than 10-14 are not suitable for tea plantation 
use. According to the rrsulis of research already performed, C. ft and f2 can he predicted 
hy pesticide application Jo:-.age. vapour pressure: anJ water solubility of pesticide rcspcc-
1ivdy. For the purpm.e of simplifying the pesticide suitahility m.:-.essme111. five parameters 
are suggested ha:-.ed on the research results and equation ( 4 ): 
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TABLE 8 

Quantitative relation between suggested pac~meters and corresponding items in equation (4) 

D lnCo tl/2 -6.9tl/2-l VP lnf 1 SW lnf2 ADI 
(g ha-1) (day) (mbar) (mg 1,-l) (mg kg- l day) 

5 0.5 0.5 -14 l0- 7 -0. l l -4.5 0.1 

50 2.5 l. 5 -4.5 10-6 -0.5 5 -'.LO 0.01 

500 4.0 3.0 -2.5 10-5 -0.7 20 - l. 5 0,005 

5000 4.5 5.0 -1. 5 10-4 -1. 2 JOO -0.5 0.001 

ln = n~tural logarithm 

In AD I 

2.5 

4.5 

5.5 

7.0 

.,,, 
"'' '·'' 



33b 

D - do~agc of (1'!Sticide used in tea garlicn (g ha-l) 
t 1 ~ - half-life of pe~ticidc on grov. ing tea plant (day) 
VP - ,·a pour pressure of pe~ticidc at room temperature ( mhar) 
SW- water ~oluhility of pesticid~ at room tem11'!rature (mgL-

1
) 

ADI - acceptahle daily intake ,·alue of pe~ticide (mg kg-
1 

Jay) 

Tahk 8 gi,es a quantitative rdation~hip between the .. -alue~ of the five parameters 
and the .. -alue of the corresponding terms in equ~tion (4). Suitable pesticides for tea 
plantation use should be! those with low application dosage. low to medium persistence. 
high vapour pressure. low water solubility and high acceptable daily intake. Among the 
five parameters. ll:1 p!:!ys the most important role in deciding pesticide suitahility. for its 
value range from -L5 to -14. is much larger than th~ range of the other four parameters. 

Among ihe five parameters. four of these can be! obtained from a handbook [ 10} or 
literature; only t t2 needs experimental work. When all the five parameters are known, 
the value of corresponding terms in equation (-t) can be obtained from Table 8. If the 
accumulated value of the five terms is larger than 3.-t, the pesticide is not suitable for tea 
plantation use. As mentioned above t1,~ is the only unknown purameter. However. a 
prediction on ll 2 can be! made which is that no pesticide can have a ti 2 on the growing 
tea plant longer than 7 days. hecause the volume and weight of the tea shoot will double 
within 5-7 da}s. This is useful for a..'isessing the suitabilitv of pesticides whose ll :! is 
unknown. For example. in the c:!Se of c;irbaryl whose t 1. :! on the tea plant is unknown. the 

value of the five parameters is a..'i follows: 

D = 5tX>. tt~ = 5. VP= 10. SW = l. ADI = O.tH 

In accordance with Table X. the: calculated value of the assessment is 1.3. smaller than 
the value of 3.4. Thus, the suitahility of carbaryl for tea plantation use, from the view point 

of safety to ~he consumer. should not be in doubt. 

I. 

3. 

4. 

5. 

t>. 

7. 
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ABSTRACT 

As an aspect of the cooperation on Crop Protection Studies in the Framework of Agroeco
system between Indonesia and Japan, residue levels of two major groups of insecticides. 
organochlorine and organuphosphorus insecticides, in soils, river water and vegetables in 
Indonesia and Japan were compared. Since many data of pest.cide residue~ in crops and 
the environment in Japan have already been published, the pesticide analysis w:is focused 
on materials from Indonesia. Soil samples were collected from fields of rice, soybean. 
potato and several kinds ofvegetables and from forests and ruins in South Sumatra, Central 
Java and Bali Island. River w;,aer samples were collected from a stream over its whole 
length hetween mountain and s1.:a. Vegetables (cahbage, tomato and cucumber) were 
obtained from a market in Yogyakarta. Diazinon, fenitrothion. BHC isomers, DDT 
isomers, aklrin, diddrin and endrin in these samples were analyzed at pph to ppt levels 
using simplified methods. DDT and other organochlorine insecticides were found at high 
concentration in vegetahles an<l in some soils. compared to those in Japan. Diazinon was 
also <letected at considerable levels in all vegetahle samples and in soils. 

I NTRODU CTI ON 

Pe!'lb have heen recognised as one of the most important constraints in food crop produc
tion. Even though many pc!-lt control methods have hcen developed and applied for the 
last two decade!'>. pe!-11 control has hecn largely dependent on organic pesticides. 
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In Indonesia, the use of pesticides has been increasing very rapidly. In the last IO 
years the total amount of pesticides distributed to farmers for the intensification program 
ha-. increased six times. In the 1980/X 1 and 198 l crop season ~bout 9.000 tons of insec
ticides. 2.500 t of fungicides and 75 t of rodenticides were distributed for crop protection 
[ l ]. Also. though DDT is approved only for malaria vector control, a great deal is 
distrihuted to the agriculture sector. At present about 430 pesticide formulations are 
allowed for commercial use. Insecticides represent the major portion of pesticides. with 
organophosphorus and carbamate compounds much utilized for control of pest insects, 
particularly those of rice. In Indonesia fungicide use b still limited to vegetables and some 
estate crops. Though less in 4uantity, herbicides are increasingly used, mainly for estate 
crops in some places where labour shortage is critical. The amount of pesticides applied 
is expected to increase rapidly in the near future. 

In Japan. about 350 compounds and 5.300 formulations are registered as agricultural 
pesticides at present. About 90,000 t of active ingredients and 600,000 t of formulations 
were produced in 1983 [2) and approximately the same amount of pesticides was applied 
to 5 million ha of arable land in Japan. Thus Japan is one of th'.! countries where the largest 
quantity of pesticides is sprayed per unit area of arable land. 

In Indonesia. although the national average use of pesticides per farmer or per ha is 
low. the use of pesticides creates some alarming situations in some iocations :and with some 
crops. A number of cases of pesticide poisoning h<!ve occurred among users and workers. 
Other side effect-.. e.g., poisoning of people from accidental contamination of foodstuffs; 
environmental pollution. particularly reduction of iniand fish; development of pest resist
ance to pesticides (though not serious at present); and resurgence of pests, also occurred. 

Pesticide residue analysis in water. soils. crops and foods is the first step in monitoring 
the impact of pesticides on human safety and the environment and for providing guidance 
for appropriate pesticide use in an overall strategy of integrated pest management. How
ever, the techniques and instrumentation for pesticide residue analysis require much 
sophistication. and incorrect data \viii endanger our safety when underestimated. or cause 
over-regulation of pesticide use when overestimated, resulting in loss of social benefit. The 
state of the art of residue analysis in Indonesia is insufficient at the moment. 

In these present situations, our team from Indonesia and Japan on Crop Protection 
Studies in the Framework of Agroecosystem took up the residue problems of pesticides in 
crops and the environment, as one of our cooperative studies. Most of our analytical 
research has have been carried out with material from Indonesia, since much data on 
pesticide residues in Japan have already been accumulated. 

A part of our study was carried out to develop a simplified and economical analytical 
method for pesticide residues, because the supply of analytical instruments and other 
materials such as gas chromatographs. glassware. organic solvents and other reagents is not 
fully sufficient in some institutions in some areas in Indonesia as well as in many developing 
countries. 
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MATERl-\LS Ai\D \IETllO()S 

Rewarch in 1982 (Pre!imina') research) 
To <.M.'l.'rt<tin apprm.imatc kveb of pestil'ide residues in thl· cmironment in Indonesia. 
pr~:limin<iiy n:sl.'<ird1 wa:-. Ci.trricd out in 198.2. 

Soil .-.~unples \\\!re l'olb:teJ from so~ hcan field., in Lampung.. rice fidJs mainly in 
Bali. a11J otha fidJ., and fore:.t in Bali <llld Central Java. ~ampli11g methods were the same 
a-. in the main rl''>Ci.1rd1 in l'lX.i descrihed hdow. 

Soil :-.ample-. \\efC partially air-dried. hrought to Japan and analyzed one to two 
months after sampling. hccause thl· analytical equipment was not yet established in our 
l'.uoperatiw institutes in lndone:-.ia. 

The nk:tlmd of pesticide - resiJue analysis was approximately the same as that of the 
main rc:-.carch in llJX.i desGihed hc:ow. 

Research in 198-l t\lajor part of the research) 
S•1mplin~. In Central Javi.1 :-.oil sample:-. were collected from Dieng Plate•rn. Wonosobo in 
Central Ja\·a and from a teak forc-.t nearhy. from a depth of 0-5cm and 5- !0cm as follows: 

:\: Upland fidJ :.oib colkcte<l from "UPP lntcn:-.ifikasi Tcmhakau Rakyat" Kk
dung. Parakan. Temmanggung. The crop rot<ition pauern was tohacco-corn
potato. Pesticide used was formothion ('Anthio" 11/ha). 15 dar after planting 
an<l c\'ay 15 Jays thereafter. All pesticide application was stopped 30 days 
hdorc harvesting. 

B: Peat :.oil colleckd from Ardjuna Temple Platl!au. north of Wonosoho. Soil in 
a potato field wasabo sampled. The pesticides used were 'Xantilin', permethrin 
(Ambush'). "DDT Super'. and all pesticide application was stopped 3 months 
hdorc harvest. 

C: Upland fidd soils collected from Kejajar. in front of SO Patak. Banteng, north 
of Wonosoho. The crops were cahhage and potato and the pesticides usl!d were 
propineh ("Antracol'), and mancozeb (manzeh) and DDT. 

D: Teak fon.:st soil collectcd from Simpen, south-we..,t of Wonosoho. 

Thc \'cgctahk :--ample-. \\crc randomly collected from the Yogyakarta city market. 
Cahhagc. tomato and cucumhcr werc an<tlyzeJ. 

On Bali bland :-.oil -.amples were collectl!d from C.mdi Kuning and the Botanical 
( i~1rdl.'n in tht: 111ountain area of Bali. Water samples were collected from the Yehlm river. 

i:· Soil rnlkctl!d from a botanical garden near a summit. 

F: Pinc forcst ~oil collected near a hol~111ical garden. 

(i: River water samples were collected from rivcr near Pcnahd. Tahanan village 
~11H.J near lknpa:-.ar. 



Analvsis 

l) Reagents: The standards of pp"-DDT. op"-DDT. pp"-DDD (TOE). pp"-DDE. 
<:. p. :·-BHC. aldrin. dieldrin. endrin. heptachlor-epoxide. fenitrothion and 
diazinon were purchased from Gaschromato Kogyo Inc. 

2) GC analysis: for organochlorine pesticides a GC-7 A elJuipped with ECD 
(63'.'ii) was used. with a glass column (2m x 3mm :d) packed with mixture of 
l.25~( OV 17/l.5% DC QF-1 on chromosorb W(AW-DMCS). Column tem
perature was 'l1tl°C. Carner gas was helium 40ml/min. For organophosphorus 
pesticides a GC-7AG equipped with FPD was used. with a g!ass column ( lm x 
3mm id) packed with Ye OV 17 on chromosorh W(AW-DMCS), column 
temperature 215°C 

3) t::xtraction and purification: 

a) Soil: Fifty g of wet soil were weighed, put into a glass bottle. and acetone~ 
( 100 ml x 2) added. The mixture was shaken for 30 min. and then filtered 
through a glass filter by suction. The filtrate was evaporated in a rotary 
evaporator and the residue transferred quantita:ively with 8ml of n-hexanc to 
a glass stoppered reaction tube. to which sodium sulfate was added. After 
keeping overnight the n-hexane solution was transferred quantitatively to a 
lOml volumetric flask and the volume was made up with n-hexane. The n-hex
ane solution was subjected to a glass chromatograph. 

b) Water: Five I of water sample were filtered through a SEP-PAK ClX 
cartridge (Waters LTD). and the cartridge then washed with 5ml of aceionc. 
The eluate was analyzed by a gas chromatograph equipped with EFD or FPO 
directly. 

c) Vegetables: Ahout 125g of cabbage. 250g of cucumber and tomato wcrc 
weighed. 200ml of acetone was atlde<l to each sample and blended for 2-3 min. 
The mixture was filtered through a glas!-1 filter with suction. The rc~idue \\a~ 
blended once again with 150 ml of acetone and filtered. then washed with 50ml 
of acetone. The combined filtrate was quantitatively tran!-lferred to a separatory 
funnel and 25g of sodium chloride was added. The mixture was extracted three 
times with 40ml of benzene. The benzene layer was evaporated and the re'.'lidul! 
was dissolved with 10 ml of n-hexane. The n-hexane !'!Olution was then cleaneJ 
up in a Florisil column topped with anhyurous souium sulfate. The ckan-up 
was carried out with a mixture of n-hcxane and ethc.:r (IO: l) until about J.:!5ml 
eluate was cellec!cd. 

The eluate was evaporated in vacuo, and the residue was dissolved in 
n-hexane and transferred quantitatively into a IOml volumetric flask. The 
n-hexanc :iolution was subjected lO a gas chromatograph with ECO. 

3-11 



RESLLTS 

The result~ of the main research in 198..t for the residue analysis of DDT, its related 
compounds and other urganochlorine compounds in soils and vegetables of Central Ja,·a 
are pre~ented in Table l. 

Residue levels of DDT together with its rdated compounds in potato and cabbage 
field soi is of Ardjuna Temple Plateau were detected to levels ofO.b and l.bppm respecti,·e
ly. In a potato field of Kejajar, a level of 2.0..tppm at 0-5cm and 0.76ppm at 5-IOcm were 
detected in the soil. The residual amount in forest soil was at a low level of 0.6 ppb. 
Residual amounts of BHC and its related compounds in soil were also detected at low 
levels . .-\t the L'PP lntensifikasi Tembakau of Kledung, O.l.167 ppm of...: - BHC and 0.036 
ppm of:· - BHC were detected. Dieldrin was detected at a level of 0.22 ppm in soil of a 
potato field at Kejajar and heptachlor-epoxide at 0.04 ppm in soil after harvest of cabbage 
at Kledung. As an example, the gas chromatogram of organochlorine insecticides in soil 
of a potato field at Kejajar is shown in Figure 1. 

DDT and its related compounds and organochlorine insecticides were detected at 
levels of I ppb to 50 ppb in cabbage. tomato and cucumber from the central market 
'Sriwedani· in Yogyakana. Amongst these. DDT and its related compounds were detected 
at a level of 0.028 ppm in cabbage. 0.03 ppm of heptachlor-epoxide was found in cucumber. 

Residual amounts of DDT, its related compounds and other organochlorine insec
ticides in soils and water in Bali Island are listed in Table 1. 

Heptachlor-epoxide. dieldrin. p-BHC and ;·-BHC were detected at levels of 9, 0.3. 11 
and 5 ppb respectively in the Botanical Garden. Forest soil was contaminated hy hepta
chlor-epoxide at 11to17 pph. op'-DDT, pp'-DDT, ;--BHC, BHC were detected at 0.4 ppb 
or less in the soil samples analyzed. 
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Figur-.! I. Gas chromatogram of chlorinated compounds in soil of a potato field at Kejajar. 



TABLE l 
Pesticides in soil and vegetables in Central Java 

Central Java, Jogjakarta-Wonosobo area: Unit: ppb 

a-BHC ,B-BHC 1•-BHC Aldrin Dicldrin Hcpt-E t Endrin pp'-DDT pp'-DDE op'-DDT 

[Al Tobacco field soil 
After harn.:sl 67.0 36.0 40.0 34.0 26.0 '>.0 
Cabbage growing 0.9 2.0 0.04 0.07 6.0 1.0 11.0 5.0 3.0 

!Bl Dieng plateau 
Ardjuna Temple: 
Ruin lidd peal soil 0.66 O.ll6 0.69 
Ruin lidd peal soil 4.0 3.0 26.ll o.:n• 0.001 0.8• 
Potato lield soil 6.0 4.0 2.0 0.85• 5.0 4.0 J.O 365 131 104 
Cabbage field 4.0 4.0 0.41 25.0 9,0 2.0 1041 214 366 

ICI Potato field soil 
At harvest 0-5cm 30.0 3.0 218 !().() 2.5 1336 183 523 

5-lOcm 2.0 2.0 19.0 534 77 144 

[DJ Teak forest soil O.llO O.Oll8 0.02 0.005 0.002 0.001 o.m1 

Yogyabrta city market 
Cabbage 5.6 0.5 0.5 1.0 11.9 7 I) 

Tomah) 5.0 14.0 7.0 3.0 0.11 • 1.0 11.9 fi.O 2.0 
Cucumber 3.0 51.0 0.1 27.0 3.0 3.0 

•ppl tHcptachlor-cpoxide 

...... 
"'* ...... 



TABLE2 
Pesticides in soil and riverwater in Bali Island 

Bali Island, from mountain top to coast: 

[E] Botanical garden soil 
near summit: 

[F] Forest soil 
near botanical garden: 

[G) In water: 
Location l (stream near Penahel 
village. before entering paddy) 
Location l (before entering paddy) 
Location l (before entering paddy) 
Location 2 (stream near Penabel 
from paddy) 
Location 3 (stream near Tabanan 
village) 

Location 4 (stream near Denpasar) 

0 - 5 cm 

5 - 10 cm 

0 - 5 cm 
5 - 10 cm 

heptachlor-epoxide 
dieldrin 
u-BHC 
y-BHC 
heptachlor-epoxide 
:·-BHC 
heptachlor-epoxide 
dieldrin 
emlrin 
op'-DDT 
pp'-DDT 

;'·BHC 
1>-BHC 
aldrin 
pp'-DDE 
;·-BHC 
1j..BHC 
y-BHC 
aldrin 
pp'-DDE 
;1-BHC 
/1-BHC 
aldrin 

Unit: pph 
-
9 
0.3 

l l 
5 

17 
0.06 

l l 
0.4 
0.453 
0.4 
0.117 

0.004 
0.009 
0.007 
0.009 
0.044 
0.046 
0.055 
0.006 
0.003 
0.034 
0.094 
0.015 

..,.. 
""" """ 



In \\ala, pp'-DOL aldrin. p-BHC and :·-UllC were detected in the Yd1ho ri,er in 
Penahd and Tahana;1 village. The highest residual an-,ount of Bl ll '-rd<iteJ rnmpounJs in 
river -...atcr was t).()9 pph of p-BHC Jctectcd in lhe sampk taken near Denpasar. :\lJrin 
and op'-DDT were found at lUll5 pph or :e-,-,. 

Residual amounts of diazinon and fcnitrothion in soil and ri\·er waler in Cenlral Java 
and Bali islanu are listed in Table 3. Diazinon was dclecled al around lpph in soil al LPP 
lmensifikasi Temhakau, Kledung. Ardjuna Temple Plaleau and Kejajar in Cemral J;wa. 
Fenitrothion was ddected al 3 pph only in fidd soil at Kejajar. In cahhJge. lomato and 
curnmber only about OA ppb of diazinon was found. In Bali, diazinon \\as detected al a 
len:l of only about 0.2 ppb in Yehho ri,·er from Penahd village to Denpasar. 

The result'\ of lhe preli1:~inary study in 1982 are shown in Tahle -t Organophl>sphorus 
and organochlorine insecticides other than those shown in Table ~ were not detected at 
0.05 pph kvel. The values of the residue kvels of the insecticides shown in the table, 
especially organophosphorus insecticides. may indicate smallervalues than the real residue 
levels. because the soil samples collected were dried to he taken to Japan and analyzed 
se\·eral momhs later. !\lost of the soil sampks wntained BHC-isomers and DDT am.I ils 
related compounds although the residue levels were not so high. DDT contents were 
relatively high in some particular fields of soybean and vegetable. This may mean than 
DDT is still being applied to some arable fidds. Even in a natural forest in the Botanil.'.al 
Garden in Bali, DDT was deteCtt!d in the surface soil. 

DISCLSSIOl\ 

Organochlorine insecticides <ire very persistent. particularly in upl<ind soil. The on.le 
persistence of organochlorine insecticides in upl<in<l fields is <lieldrin > DDT > BHC > 
chlord<ine > ht!pWchlor-epoxidi: > <ildrin. Rt!sidual amounts of DDT and its rebted 
compounds in soils of vegetahle fields were relatively i1igh in Central J<iva. 

Bl IC analogues left much more n:siJue in crop fidJ :-.oils than in forest soil. JnJ the 
othi:r organochlorinc insecticid1:s were also d:.:i.:cte<l in vegetable fidd soils. In central 
Ja\a. the Wonosoho area was still u:-.ing DDT and organod1lorine insectici<les to control 
vegetable insects. and farmers use<l crude organochl1>rinc insccticiJcs intensivdy. The 
vcgetahles collected from thi: central market 'Sriwedani' Y ogyakarta mostly came from the 
W onosoho area. 

·As for Bali Island, the organochlorine insecticide:-. were Jetecte<l at lmv levds in soils 
rather than in river Y.ater. BHC-related compounds were more often detected than DDT 
and its related compounds, endrin and aldrin. 

The organophosphorus insecticides, diazinon an<l fenitrothion, were detected mainly 
in Ci:ntral Java. Diazinon was dctec11:<l in many places in Central-Java hut fcnitrotltion 
was only found in potato ficlu soils. In Bali Island, diazinon wa:-. only lktcctcd in river water. 
The organopho:-.phorus insecticides were found to decompose rapidly in tropical <ind 
suh-tropiGtl <1re<1s. 

In Japan, the use of the persistent pc:-.til.'.ide-, such a-, DDT, BllC'. dicldrin. aldrin and 
cndrin <ts well as toxic pesticides such as organomercury fungicides an<l several organo
phosphoru-, in-.·:··ril.'.i<les and the water-polluting pt.:sticides such as pt:ntachlorophcnol, 
t.:111.losulfan :111d 11tlwrs, were prohihiti.:d or li111iti.:d hy regulation after llJ7 I hy the pestiddi.: 
regulation h1., 1 After 11)70, the residue kvels of the pi:rsi~tcnt organochlorinc insec
ticides in crop ..... ·: .. 11er and ."loil havc bccn monitorcd in many place~. In the samc way. the 



TABLEJ 
Residual amounts of diazinon and fenitrothion in Indonesian soils and waters 

Central Java, Jogjakarta -Wonosobo area Bali Island Unit: ppb 

Diazinon Fenitrothion Diazinon Fenitrothion 

Dieng plateu Botunical gun.kn 
Ruin field peat soil I.I ND 0-5cm ND ND 
Potato field soil (5- tocm) 1.6 ND 5-IOcm ND ND 
Cabbage field (0-5cm) 1.1 ND Forest soil (near botunical garden) 

Tobacco field soil ·0-5cm ND ND 
After harvest 0.4 ND 5-!0cm ND ND 
Cabbave urowinu 0 0 0 0.7 ND In water: 

Potato field soil Streum near Penahel village. before entering paddy 
At harvest 0-5cm 0.9 3.3 Location I ND ND 

0-lOcm 1.0 1.1 Stream neur Penahcl villuge, from puddy 
Teak forest soil ND ND Location 2 0.1 ND 
Jogjakarta city market Streum neur Tabanun village 

Cabbage 0.5 ND Location 3 0.3 ND 
Tomato 0.3 ND Stream Near Denpasar 
Cucumber 0.4 ND Location 4 0.2 ND 

...., 
"-
0' 
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TABLE 4 
Residual amoun1s of pesticides in Indonesian soils (unit: ppb) 

Dia1inon Fcnitrothion a-BHC /3-BHC y-BHC ~-BMC rr'·DDT op'·DDT pp'·DDE 

Lampung-Soyhean fields (0-lllcm Jeep) 
I 1.0 1.2 0.(i 23 11.lJ 1.8 20.<i I.Cl 1),4 
, - 0.4 2.6 1.2 2.4 11.7 ll,(1 4.'} -
3 - 2.1 2.7 1.1 2.1 22.0 1.2 l'U 
4 - ll3 11.8 . - I.'} 
5 0.7 0.(1 - . - l.ll 
h ll.2 1.4 11.5 l.S IL:\ - ll.7 
7 - 0.4 0.7 11.4 o.•) . . II.Cl 
fogj;1brta·N1l.l l (sugar l'anc ), No.12 (ricc), No. U (peanut lidJ), No.14 (ruin, 0- ltkm deep) 
11 ll.5 - 0. i 0.5 II. I I.I KJ 0.h '1.4 
12 - 0.2 tU II. I 11.2 .u 0,,1. ,,5 
I~ ·' 0.1 ll.h tU l.'l .H 15 
14 - 0.2 11.:i - l.h I. I . 0.4 
B;1li-Ril't.' fic!Js, e~ccpl No.22 (hamh1\ll forest), No.2.' (natural forest) ;md No.24 (carrot lidd) 
21 (ll-lll) 1.2 - lU ll.2 
22 (ti· Ill) - 0.4 1.8 11.8 1.4 . . ll.7 
2.-; ( ll- 5) - h.11 . 4.h 

( 5- llJ) - 0.4 ·'·I 1.2 2.1> tl,h . fl.') 

( Ill· I 5 l - 0.h 8.ll ll. 7 u . . I.I 
24 (ll· 5) - 0.5 ti. I ll.h 1-1.ll :o 

( 5- Ill) - IU ll.'' I.I ll.X l~U t l.ll 4.4 
( lll-15) P.4 1.4 ll. 7 u h,(1 ll.h 2.5 

25 (ti· 5) ' , ll.'} 0.h II.I . . fl. 7 
(5- Ill) tl.7 - 1.2 .rn ll.5 u - 11.•J 

2h (ti· 5) l.h - 1.5 .t2 u l.X tl,(1 . u 
( 5- llll 13 1.5 .'.J II. I ~.7 11.h 1.2 

27(11-5) 2.ll . l.h _,j Ui ·'·2 tU . 15 
( 5- Ill) 1.5 .\5 3.lJ u I l.(1 11,h . IA 

2S (5·111) ll.5 - 2.5 115 1.2 2.4 I.ti 
( 5- ltl) - ' , 2.7 l.ll 2.4 . ll,11 

- lcss than ll.5 05 ll,()t} ti.IN ll.ll'l tl.01} II, I ll. I II.II" ...,, 
.j.. 
·-.J 
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per ... i ... lelll."e of all pe ... lil"illc d1emical ... in nop., anJ ... oil must he maJe dear for rcgi ... tratiun. 
anJ per ... i ... t...:nl 1>1.: ... lil·iJc.., coulJ not he rcgi ... tcrcJ after 1971 .. 

In 1974. the rc ... idual ;,1mouni... of DDT anJ Bl f( .. rang..:d from I lo 1011 pph kn:l aml 
from I lo llllltl le\ d. re ... pcl."ti\ dy. in paddy fidd "oil.... and tl.Oll I - tl .. tl I pph and !Ull tu I 
pph. rc ... pecti,·dy in rin.·r \\at..:r [4. 51 .. The an~rag'-' Bl IC rc ... iJuc in ril."c gr;.1ins \\a" about 
0 .. 15 ppm a" total Bl f( ·at th\.' end of the l 97tb [hi .. :.\ldrin j.., tran ... formcd to Jiddrin in the 
cm ironment.. The re ... iduc- tolerance k\ d of didJrin c-xpre'.'ISC'J as the ... um of aldrin and 
didJrin in crop ... i ... ,ery low at il .. 02 ppm hcG.tLhe of ii... high toxicity .. In llJh9. the k,·d:- \\ere 
ddincJ for 12 crop.., (ol. The re..,idual amounb of the sum of Jiddrin anJ aldrin in ... oil of 
uplanJ fkll!.., \\ere about 05 ppm on an a\·erage .. 

.-\ftc-r the use of thc-sc pcr ... istcnt i1i...ccticiJc.., \\a" stoppeJ in l lJ7 I. the re ... idual 
amount ... in the cn,ironment have dccre;.1 ... ed gradually .. The half life of the ... e in ... ecticidc ... 
i ... e ... 1imated 10 he about one month in ... oil of uplan~ fidd .... BBC and DDT arc Jegradc-d 
rnore rapiJly in paddy fidJ.., than in upland fidd .... 

In !Will. diddrin \\as not dctectcJ at more than the Jetectahk k\d (0.5 ppb) in 1110 ... t 
arahle ... oib (7). In our rc ... earch in ll)8 I. the amoulll of Jiddrin wa ... Jc-tecteJ at k: ... .., than 
0 .. 1 pph in uplanJ ... oil ... anJ from tl.2 to 3.5 pph in sediment~ in rivc-r anti ... ea, anJ at tl.008 
pph in rain water. The n.: ... ult.., indicated that the Ji\er ... ion of diddrin into the environment 
... eemed to ha\e heen almo ... t compkted by the pre-.ent time .. The residual amount ... of DDT 
anJ BH( ·in the t:n\'ironment ;,1re thought to he tc ... s than that of diddrin. hecau ... e 1110'.'-t of 
the data have ... hmrn that thc ... e \\ere in unJetectahk amounb. 

Many ... tudie ... ha\e reported thal pe ... ticides in ... oil arc degraded more rapidly al higher 
tcmperalure anJ that pl'..,ticid\!.., in field ... oil di ... appcar fa ... ter in warmcr areas. HO\\\!\er. it 
i-. Ycry difficult to find data rn1 the rate of deae<N: of pe ... ticidc., in fidd soil in tropical 
cou111rit.' .... al1hough we c;.tn ea-.ily find a huge number of such data from research in 
temperate are:.i.... S!m.ly of the fate and behaviour of p~ ... ticiJe., in the enYironmc.'nt in 
tropil"al countrie-. i ... thought to hear. urgent problem .. Finally, it may he aJded that th\! 
amounh of DDT and BllC in the :iir aml sea \\atcr near the countrie ... of Indonesia, 
Philippine ... and Thailand arc several lime" higher lhan tho ... e near Japan in these year ... (XI. 

CO:\Cl.LSI01' 

In lndonl.'.si<1. rl.'. ... idu~ kYcb of DDT and olhl.'.r organochlorinc insl.!1.:licides '"crl.! founJ !O 

he qui le high in n:g..:1ahlcs and soib. -.omc being he)OIHI the 11.'.vd of tolerance. I.ow k'd" 
or no residual amounh of organophosphorus in ... c.:cticidcs were detected in !he -.amc 
... ample-.. It is ckar from 1hc..,c rc-.ult ... 1h.1t u ... I.'. of organochlorinl.! in ... ecticides ... 110ul<l he 
minimized or :1voidcd. I lowcn:r. -.tLH.lic-. on thl.'. f:ttl.'. and behaviour of such compound-. in 
tropical ar\!as arl.'. not yet adt:quate. It i-. abo important to carry out comparative stLH.lies 
on the residue prohkms of pesticiJt.:s in both tropical •md templ.'.ralc areas. 
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INTEGRATED PEST MANAGEMENT IN COTTON WITH SPECIAL REFERENCE 
TO HE:LIOTHIS AND BEMISIA CONTROL 

G.P.V. REDDY, M.M.K. MURTHY AND V. DEVA PRASAD 
Andhra Pradesh Agricultural University. Hyderabad 

India 

ABSTRACT 

Among the cotton growing countries in the world. India has the largest acreage under 
cultivation (7.9 million hectares) but the yields are lowest (27<> kg ha. 1

) when compared to 
countries like Israel and Egypt. One of the major constraints in increasing the yields is the 
damage and losses caused by insect pests. In the late 1980s whitefly, (Bemisia tubaci Genn.) 
and the American bollworm (Heliothis annigem Hubner) occurred in pest proportions and 
devastated the crop. Farmers, in spite of plant protection measures, could not harvest more 
than 2 to 3 4uintals/acre even though they cultivated high yielding varieties and adopted 
essential agronomic practices. 

Both these insects survived all insecticides used extensively not only on cotton but 
c.ilso on other cash crop~ like chillies and tobacco. Farmers in their anxiety to increase their 
returns have misused or over used insecticides which has led to problems like insectici<.le
resistance in hollworms, resurgence of cotton whitefly and outbreaks of secondary pests. 
Bioassay studies conducted on third instar larvae of H. armigeru and tobacco cutworm, 
(Spodopteru lirura Fab.) revealed the development of several fold levels of resistance to 
commonly used insecticides in both insects. The Gunter strain of H. annigera developed 
18.7, 9.2, 8.8, 7.8, 7.S, 3.9, 3.7, 3.7, and 3.4 fold levels of resistance to cypermethrin, 
fenvalerate, DDT, deltamethrin, monocrotophos, quinalphos, chlorpyrifos, acephate and 
carbaryl re!-ipectively. The Gunter strain S. /itura exhibited 20.5, 14.2, 12.5, 9.4, 8.1, o.8, 6.0, 
4.4, 4.1, 3.8 and 2.o fold levels of resistance to deltamethrin, endosulfan, carharyl, mono
crotophos, BHC, DDT, cypermethrin, malathion, fenitrothion, methyl parathion am.I fe.n
valerate re!-ipectively. 

Important features on the hiolO!,'Y and damage hy major pests and factors contributing 
to the outbreak of fleliothis and Bemisia species are reported. lntl!grat!on of pe~t manage
ment strategies including that of cultural practices, physical methods, mechanical ap
proaches, varietal re!'listance, seed treatment practices, hiological control methods and 
chemical control practices are discussed. The guidelines for undertaking chemica! control 
measures and insecticide management ure highlighted keeping in view the safoty of the 
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environment. Other aspects such a...; the nee<l for cooperation on the p:irt of in<lustry in 
maintaining quality of insectici<les an<l social issues concerning sale of pro<lucts are 
discusseLI. 

INTRODUCTI01' 

Among the cotton growing countries in the world. India has the largest acreage under its 
cultivation (7.9 million hectaresl but the vidds are lowest (276 kg ha ·I) when compared to 
countries like Israel ( 1405 kg ha· ). Egypt.(9T2 kg ha. 1

) and China{X71 kg.ha· 1 
). It pro<luces 

HU~ million bales ( 1970 kg each bale) of cotton against 15.4 million hales by United States 
of America with only 4.2 million hectare.., under cultivation. 

The various reasons that are aurihute<l to low yields may he due to the: 

(I) Existence of still sizeable area under desi cotton i.e. Gos.'iJpium "rboreum and 
G. herbaceum which are poor yielders with short staple length. 

(h) Inadequate availability of quality seed of intra ( G. hinutum ). inter-specific (G. 
him1tum x G. barbadcnse) hybrids with high potentiality and quality. 

(c) Lack of irrigation facility for major cotton growing area. 

(d) Losses due to pests and diseases. 

The insect pest problems on G. hirsuwm, G. barbadcnse, their intra and inter specific 
hybrids steadily increased from year to year and now its very cultivation is threatened hy 
the American bollworm (Heliothi'i amzigera Hubner) and the whitefly, (Bemi'iia '''b"ci 
Genn. ). For instance the incidence of whitefly on cotton in Andhra Pradesh during 1984-85 
was as high as 100 adults/leaf and that of H. annigera during 1980-89 was 50 or more larvae 
per plant. 

Cotton is attacked by insect pests from seeding to final picking. Before the crop e:iters 
the reproductive phase, it is the sucking pest complex comprising of jassids, thrips and 
aphids while later hoth sucking pests (whitefly. mealybugs, mites and pod sucking hugs) 
and hollworms (American hoilworm. spotted bollworm, pink hollworm, and tobacco 
caterpillar) infest the cotton crop (Reddy and Murthy, 1989). Estimated yield losse~ were 
foumi to vary from 16.8 - 34.7 per cent due to .sucking pests and ahout 44.5 - 61.7 per cent 
due to hollworms (Hussain and Trehan, 1942). With the gradual replacement of desi 
cottons hy G. hirs11111m and G. h"rhmlense and their intra and inter-specific hybrids hoth 
under irrigated and non-irrigated conditions, mono-culturing, high doses of nitrogen 
fertilizers, non-adoption of suggested pest management practices coupled with favourable 
weather conditions for pest build up. pest prohlcms have worst·ncd. The hollworm, fl. 
armigera and whitefly, B. tuh"ci have become regular and key pests, crippling the cotton 
yields and economy of the farmer. 



BIOLOGY OF \lAJOR PESTS O'.\ COTfO'.\ 

Aml"nl·an holhrnrm. ~ 11. ilf11ll~t:C1il I 
Thi-, i" a poly ph~1gou:-. pc-,t \\ hid1 kclb on murc than .200 :-.pccics of host plant. It la~s eggs 
-,ingly on tcndcr ka\c-,. :-.quarc ..... hmls am.I !lower:-.. Egg:-. arc spherical and light yellow in 
colour\\ hid1 ma~ turn hrowni:-.h later on. Para:-.itizcJ 1.:ggs appear hlack in co!our. Larvae 
arc \ariahk in o>lour anJ undergo h moults to reach the pupal stage. A single caterpillar 
can damage up to Iii holb. Pup~1tion take:-. pl~1ce in the soil. Adulh are medium sized with 
ydlowi:-.h brown forcwing:-. having a chain of hlack markings and pale white hindwings with 
a hroaJ .... moky margin. The insect pa_-,ses through 8-10 m·erlapping generations in one year. 
There i-, no Jiapau-,e in South Indian conditions. whereas the species undergoes facultative 
Jiapau:-.c during the pupal :-.tage in wimcr for a period of 2-3 months in ~orth India. 

Spotted bolhrnrm. I l:"arius rittclla Fah. and Earias insulww &Jisdurn/) 
.-\dults or E 1·iucllu po:-.:-.c:-.:-. pale white fore-wings with a green central hand and£. in.m/una 
ha:-. uniformly green fore-wing:-.. Adults lay h0-80 spherical and sculptured bluish eggs on 
h.!nder lea\e .... tltl\\er buds anJ "l(uares. Larvae hore into young !-hoots, floral parts, huds 
and boll:-. :\ffccted -,hoots droop and dry up. lnfestel! huJs and bolls are shed in large 
numhcr .... The .... polled hollworm spends 2-3 weeks in the larval stage and pupates on the 
-,urf~H:e of boll-,. hra'-·t... in .. oil or otha crop refuse. Pupae arc hoat shaped pale brown 
CO~."oon'.'>. 

Pink bolhrnrm, I Pccrinoplwru go.n~\pic Ila S,umders) 
I lir:-.utum-, arc highly :-.usceptihh.: to thi:-. insect. Adults a1e small with numerous hlack spots 
on dark hrll\rn \\ ing.;. Eggs arc flat. scale like "Jnd white. laid singly on young shoots and 
half Jevdopcd holk Larvae when fully grmvr. attain -a pink colour. Pupation takes place 
inside th;: holl. ofcen in ... iJe the seed hollowed out hy the larva. It i:- a specific pest of cotton 
confining its damagL' to immature holls. Moderate temperatures with cloudiness and high 
humiJity farnur pest build up. 

Tobacco cutworm. I Spodoprcr,1 lilllra Fah.) 
Thi" i., a polyphagou.; noctuid pest feeding on foliage as well as on the floral parts of cotton. 
\10th.., arc mcdium sized and "tout hodiL'd with pale hrown fore-wings having white 
marking-. and\\ hitc hind\\ in gs. Female moths lay up to 3011 eggs which hatch within 3-5 
day-,. l.arv~H; pass through h moult" in 2--' weeks to enter into pupal stage. Pupation takes 
place in the ... oil. The insect passes through 8 overlapping generations in J yl!ar. 

White fl~·, I Hm1isi,11ahaci (il'llll.) 
Thi.., in-.cct ink ... ts about -Clhpccics of plants from 18 families (Mound and llaslcy. 1978). 
Lgg... are stalked. laid singly on the top "Jnd middle orJa of leave .... A female can 1~1y up to 
70 light ~ellm\ egg., which hatch in 3-h days. Thl.!y become adults in 12-15 days hy passing 
through J Ian al moults. prepupal ~ind pupal stages (Sankarappa i.j_.aJ. .. 1<>7<>). Both nymphs 
and adults ... uck sap fro111 kaves and tender holls. Yell ow chlorotic :-.pots appear on infested 
lcavcs. \\ hich turn rcddish. Affccted leaves fade away and drop off prematurdy. Flowers. 
hlllb and ho lb arc -.hcd in large nurnhers. The size of holb become:-. reduced and the quali:y 
of lint ddcrioratc.:.,. Plant-. hccomc stunted. I loncy de\\: i-, also excreted on which sooty 
mould de-.elop" affecting photo~ynthesis. Whitdly abo act as vl!ctors in the transmission 



of' int' di,t.'a,c-. -.ud1a-.1ohai:i:o kaf '-·url. i:ollon k;1f curl and 1111 i-.aic di-.'-·a-.t.'-. 1 ( ·u-.ia. l 'lh'>: 

\lurugt.•,•111 cl al.. [ lf77 and Shanbrappa !.'.1 ill. .. l 'l":'ti I 

l.eaf hopper. (. lmr11.,ca h~~ww/11 higll1t11li1 /,Jii,/,11 
Thi .. i' al'o a p11l~phagou-. pc-.t ch•111ging it-. i:nlmir through tilt: -.t.:;1-.011 from grct.'11 111 
grt.'t.'ni-.h ~dim\. L1d1 femak lay-. up tu 15 egg-. h~ p1rn'-·1uring tlk· part.'11ch~m•1tou-.1i''llt.' 
of 1he kaf. .-\f!cr a \\eek the n~mph-. hatd1 out. -.ui:king -.ap from kan:-. <llld he'-·omi11g 
adult" in~-~ week-.. pa-.-.ing through 5 larYal moult-.. There are 4-5 g<:neration" in a ~ear 
A-. a re-.ult of -.ap drain hy the hopper the plant-. hei:omc -.tuntcd. leaf margin-. initially turn 
yd low anJ later rcdt.li-.h anJ fat.le a\\ay . .-\ffei:tcd ka\ cs i:url lhl\\ fl\\ aab and e\hihit hopp..:r 
hum -.ympton1". \ei:mtii: -.por ... Je\dop a! the pbi:es of mipo ... iti1m ... ite-.. lligh tempcra
tun:-. '-·oupleJ wi1h high humiJi1y farnur pc-.t multiplication. 

In rei:cnt year-.. lldiocfri., and Bt·misi,1 ha\ e he come a rnt.·na'-·e in 1..·ot ton production. .-\ 
aitical an•tly-.is of factor-. that contrihuk to their outbreak enahk u' to formulate st rat t.'!!ie-. 
10 combat the pt.'-.b dici:1in:ly. 

RE-\SO'.\S FOR Tiff Ol TBRE.-\K OF II .. -\R\llGER-\ 

(a) \lonoi:ropping '' ith ... u-.cepriblc 'arietic-.. 

(c) \on-... y nchronou" ... owing ... anJ high plant lkn-.ity. 

(J) Pre-.cnce of alternate ho-.t:- in the ,·icinity. For in-.tanl."t.'. during a \i-.it to l\.akumanu 
\·illagc. Gunter di...trict. the author-. noticed the ocnirr.:nce 1!f lfrliorhi.\ on tobacco. 
pigeonpea. chickpea. tlllnatot.'-.. maizt.'. -.orghu m. chil lie-.. coriand1..·r. ... u nf11 I\\ er. hlack
gram anJ grccngram in adJi1ion to cot111n. 

( e) 

( f) 

(g) 

( h) 

I:\ce-.-.i\e nitrogen ft~rtilization. 1-"armcr-. apply morl.! th•111 thl..' rcquirt.·d nitro~cn 
fi:rtili:ter ( 1511 to .200 kg. 11w) as ag<1in .. 1 tht! r.:commt.'r:dcd do-.c of 80 kg ha.-

1 Thi-. 
kaJ., to •:xcc-.-.i\t: vegctati\t: gnl\\ th making the plam-. more ... u-.cqHihlc to pc .. 1 
•1!t•ll'k. 

O\·er-uw of irt...ccticiJc-. al ... uh-le1hal dmc anJ inadequale c1>\cragc. Farmer.,\\ hik 
comc.:r-.ing with the author hoa-.1 of comrolling the ... hoot and fruit borer of .:gg plant. 
Lc·ucinodc·s orhwwlis by rq>t.'atcd applil·atiori.. of tkltam1.:thrin Ui- IO) time .... hut arc 
un;l\\arc of 1hc dc\dopmcnt of ... t.'n:nl fold ri: ... i.,tanc.: ·n .\j}()dopl<'r11 and lfrhorhi' 
ag<iin"t the ... amc in ... ccticiJc. h.irrncr-. ... hould undcr-.wnJ that 1/1 liorhis prohkm j., 

their own making hy mcr-dt.•pcnJerKc on d1cmical control. 

Hi mi nation of natur•il cncmit:" thrPugh indi ... criminalc u ... c of in-.ccticiJc.,. 

Dc\dopmcnt of rc-.i .. 1arKc in in-.c~:i.. to th.: commonly lhed in-..:i:ticidc. 
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Detaib.J -.tuuies carrieu out on fl. annigera anu S. litura indicated the develop
ment of ,·arieu levels of resistance to commonly used pesticides (Tahles 1 and 2). 
Farmers arc unhappy with the use of pesticides because they are not getting the 
sati-.factory control of major pests. This is partly due to the occurrence ofoverlapping 
generation-. of insect pest., an<l also due to development of insecticide resistance. 
Fid<l populations of Srikakulam (SKL) and Guntur ( GNT) zones each characterized 
hy the lowest and highest rates of consumption of pesticides were collected and 
maintained on artificial diet (Reddy et al., 1970). Third instar larvae were suhjected 
to graded levels of insecticides. Mortality counts were recorded 48 hours after 
treatment. LC.so values were: calculated after treatment for susceptible and resistant 
strains. Probit regressions were estimated and resistance ratios determined by divi
ding LC.so's ohtained from resistant Guntur strain by those of susceptible Srikakulam 
strain. The data showed both the bollworms developed multiple resistance to the 
different groups of insecticides. Both species, being polyphagous insects. have high 
levels of detoxifying oxidases which protect them from deleterious effects of insec
ticides. 

(i) Marketing of substandard/spurious chemicals. 

(j) Application of adulterated and time-barred chemicals. 

(k) Wrong pesticide delivery system 

(I) Ideal winter weather. 

CALI SES FOR THE OUTBREAK OF WHITEFLY 

(a) Prevalence of continuous dry spell drought conditions during November-December. 

(h) High temperature 28-33°C. 

(c) Low rainfall. 

(d) Relative humidity 60-90 per cent. 

(e) Excessive use of nitrogen fertilizer. 

(f) U-.e of insecticides at -.uh-lethal do-.es and improper coverage. 

(g) Defective delivery system. 

(h) Indiscriminate use ot synthetic pyrethroid and insecticides with broad spectrum 
action. 

(i) Elimination of natural enemies may perhaps he the main reason for the whitefly. 
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There are several inst:mces of sucking pests i.e. mealy bugs on grapevines. 
scales on sugarcane, aphids and mites on chillies. which were originally considered 
to be minor pests but which turned into major problems. The main reason for these 
transformations was the elimination of natural enemies by over use of insecticides 
having broad spectrum action. These sucking pests problems, including whitefly on 
cotton. are man made situations, created by the indiscriminate use of insecticides by 
farmers. 

(j) Lack of rainfall during vegetative phase. 

Chemical control of Benusia and Heliothis populations failed in the late 1980s and it 
was a man made situation. Farmers had been over-dependent on chemical control and had 
over-used insecticides. initially on tobacco and chillies and later on cotton and chillies. This 
led to the Jevelopment of insecticide resistance in the bollworms. Under these circum
stances integrated pest management (IPM) is the only remedy which has been advocated 
(Reddy and Reddy, 1984). This strategy integrates all the available methods of control 
including cultural, mechanical, physical, legal, biological and chemical, so as to arrive at an 
environmentally safe and economically viable programme for cotton pest management. 

MANAGEMENT PRACTICES TO BE ADOPTED FOR CONTAINING THE PESTS 

Cultural Method 

Practice 

(a) Summer ploughing to expose the pupa, 
to destroy weeds and alternate hosts 

(b) Cultivate early maturing varieties 
Lam hybrid I, NA 1280 
Adopt whitefly tolerant varieties 
LPS 141. LK 861, JGL 14515. 
Desi varieties are less prone to 
Heliothis 

(c) Undertake early sowings 

(d) Observe synchronous sowings 

(e) Practice crop rotation with non-host 
plants hajra, sorghum, ragi, groundnut, 
gingclly, mustard and grams 

Against the pest 

Heliothis and Spodoptera 

Bemisia (Natarajan and 
Sundaramurth)', 1987) 

Bollworms 

White flies 

Heliothis and Bemisia 

Crop rotation, an important farm practice, helps in reducing the selection pressure of 
insecticides on pests b\!cause rotated fields arc sprayed less often Lhan non-rotated fields. 
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( f) \la:ntain optimum plant lknsity. Often farmers use exct!!'osive seed rate instead of 
the recomme;1JeJ populations of 44.000 plants ha· 1. Higher seed rate leads to a dense 
Gm11py resulting in difficulty of aCCl'ss to the field and poor spray penetration of the 
crop-.. 

(g) Disl'ourage ratoon crops anJ destroy 
the .:rop remnants 

Heliochis and Bemisia 

Ratt1on crops act as sources of pests and diseases (white flies and hollworms). Even 
in sugarc;1ne. control of scale insects is a hig problem when ratoons are grown. Pest 
prohlems including that of whitefly increase and infestation spreads to neighhouring fields. 

( h) Amid extending the duration of crop period to prevent carry over of pests to next 

(i) Pro-. i<le wiue rows and sufficient space hetween rows to enahle parasites and preda
tors easy access to the pt!st populations. 

(j) Lse :-ecommendeJ <lose of nitrogen 
fertilizers - apply potash fertilizers 
ins; ilit Joses - apply neem cake 

( k) Pral'.ticc clean cultivation 

(I) Removal of alternate hosts and weeds 

All pesh 

Bollworms and leaf rollers 

Polyphagous pests 

(So/1111t111111igrum. Aca(rplw in di ca, Ahuci/011 indicum, Hihiscus ficelenem. Aclzeramhes 
11spen1. Datura stramo11ium, Acantlwsperum sp., Cy11odo11 dactyfon. Gynadropsis pen-
1apld11, (\1)(.:rtts sp.J 

(m) lntercropping with cereal crops like 
sorgimm. wheat an<l maize 

Inter-cropping \vith greengram 

Inter-cropping with onions, chillies, 
gingdly. castor, cowpea, coriander. 
grams 

(n) Rai-.e harrier crops of sorghum an<l 
maize 

White flies & Spodoptera 

Leaf hoppers 

Heliothis 

White !lies 

Wheat grown a'.'I a hordcr crop acts a'.'I a mine of natural c11cmics (parasites and 
predator..,) of pc..,h. Inter-cropping with rape during spring and corn during '.'IUmmcr 
facilitated multiplication and migration of parasites and predator'> into the cotton crop. 

(o) Grow trap crops around cotton such a'> -



Corn and redgram 

Bhendi 

Brinjal 

Castor, sunflower and blackgram 

(p) Frequent irrigation and light dose 
of N fertilizatioP 
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Heliutlzis 

£1.1ri£L'i 

Whiteflies 

Spuduptera (Jayaraj, 1986) 

White flies 

Thus, every agronomic practice must be attempted to exploit maximum advantage of 
cultural control methods. 

Physical Methods 

Yellow sticky traps 

Pheromone traps - Hexadecenol 
- Litlure 
- Gossyplure 

Light traps 

Bemisia (Gerling and Horowitz, 1984) 

Heliothis 
Spodoptera 
Pectinophora 

Leaf hoppers 

By setting up light trap/pheromone traps the period of adult emergence can he 
determined. In the majority of cases adults emerge after the on!'.et of rains. From this the 
time of oviposition and egg hatch can be predicted. First instar larvae are the most 
vulnerable stage in the iife cycle of any insect and this is the stage against which insecticidal 
spray should be aimed. By undertaking timely control measures it is possible to bring down 
populations to below threshold levels and also to reduce the numher of applications. Pests 
controlled in the early stages are less likely to cause economic damage. 

Mechanical Methods 

Hand picking and destruction of egg 
masses and skeletonized leaves 

Collection and destruction of growing 
larvae 

Digging trenches around fields 

Seed treatment with hot air at 65°C 
for IO minutes 

Spodoptera 

Heliothis and Spodoptera 

Spodoptera 

Pink bollworm 

Erect hird perches to attract drongo und mynuh which predate upon lleliothi.'i. 
Varietal Resistance 
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(a) Ernlve glabrous. nectarless 
varieties with high gossypol content 

Hi:liotlris and £arias 

( b) Evolve glabrous varieties with open 
canopy and thick lamina 

Whitefly 

Reddy and Rao ( i 989) reported that the varieties LK 86 l. LPS 141, D 53, A 102. JK 
28ti.JK-97-FBR:\ and NHV 1 are tolerant tu whitefly compared to the check MCU-5. They 
found that higher concentration of phenols, tannins, P, Mg, Mn and low N and Fe are 
associated with whitefly resistance. 

Seed Treatment 

Soaking of see<l in 
0.1 C:( monocrotophus for I hr 
O. I li(~ dimethoate for 4 hr and 
0.1 C:( phosphamidon for ti hr 

Pink bollworms and jassids 

The seed may be delinted hy treating with concentrated sulphuric acid or subjected 
to fumigation with aluminium phosphide to kill pink bollworms prior to sowing. 

Biological Control 

Parasites and Predators. A number of parasites and predators are recorded on all major 
pests of cotton. Quite a few exotic parasites i.e. egg parasites. Trichogramma bra.siliensis 
Ashmi. T uustralicum Girault, egg-larval parasite, Che/onus blackbumi Cam and larval 
parasite Bracon kirkpatricki Wilk are mass bred and released against H. annigera. They are 
found to be established in several parts of the country and further periodic releases are 
made to augment the value of hiological control (Singh, 1985). Other parasites and 
predators recorded on H. armigera are: 

Egg parasites 

Larval parasites 

Pupal para!'litcs 

Predators 

Tdenomus 

Campo/et is chloridae 
Bracon hebetor 
Che/onus heliopae 
Erihorus trochanteratus 
Eucelatorfa hryni 
Carcelia illoru 

Trichospilus pupirnra 
Tetrast iclzus !.mu:/ i 

Menochilous mu/ Chrysopa 
(A(han tl ill .. 1968) 
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Efforts are being made to mass multiply the predator lacewing. Chrysopa spp.-and 
utilise it in He/iotlzis controi. A pilot project on the integrated control of Heliuthis has been 
planned and is being implemented with the following components. 

(a) Utilization of egg paral\ites T brasiliensis, T amtralicum 

(b) Egg-larval parasite C. blackbumi 

(c) Larval parasite B. kirkpatricki 

( d) Exploitation of the predator Clzrysopa 

( e) Utilization of moult inhibitors ( ditlubenzuron) and growth regulators (neem oil 
emulsion and neem seed kernal suspension) 

(f) Application of selective insecticides endosulfon and phosalone along with 
microbials such as Bt endotoxin and nuclear polyhedrosis virus (NPV). 

The occurrence of parasites Encarsia spp. and Eretmocems mundus on nymphs a·1d 
pupae of Bemi'lia was reported earlier (Shankarappa tli!l., 1976). Natarajan tli!l. ( 1987) 
recorded the predatory lacewing liug Cho·.mpa spp. and the Coccinellids Bmmus and 
Scymnus feeding on nymphs and adults of Bemisia. 

Entomopatho~ens. Species of Heliothis and Spodoptera were reported to be suscep
tible to almost all groups of entomopathogens viz. viruses, fungi, bacteria, protozoans and 
nematodes. Though some of these pathogens have been exploited in the west in the control 
of insect pests, their use is rather restricted in India. The failure of chemical insecticides 
to contain these pests at reasonable doses and the problems associated wiih indiscriminate 
use of insecticides necessitated studies on the alternatives, particularly microbials. 

In the recent past, extensive studies have been made on the utility of H. urmigera NPV 
on various pulses and S. litura NPV on cotton, tobacco, cole crops, banana and blackgram. 
lbe success of NPV against Heliothis on cotton was limited because of some factors 
concerning high leaf pH, leaf exudates, plant phenology and host feeding behaviour. 
Earlier attempts were made to formulate H. annigera NPV into wettable power and dust 
formulations and their efficacy was evaluated in the laboratory against the host larvae 
(Tahle 3). The results showed that talc-based wettable powder formulations of NPV were 
more effective than dust formulations and as effective as unformulated virus. In a field 
study, efficacy of NPV with certain adjuvants for the control of H. armigera on cotton was 
investigated (Table 4 ). The results revealed that NPV + endosuitan 150 a.i.ha- 1 + 
adjuvants such as larval extracts 4% and crude sugar 15% was as effective as endosulfan 
700 g a.i. ha·I in reducing larval population, (lamage to flowers, squares and bolls and 
increasing the seed cotton yield. Combination of NPV with half the recommended dose 
of test insecticides ( endosulfan, fenvalerate or chlorpyriphos) not only controlled S. litura 
on groundnut effectively but also realized higher yields over untreated control (Reddy tl 
al., 1985). 

If NPV is to be used for the control of caterpillar pr .· ·1 need to establish 
production units either within the government setup 01 ~. ·" .·~it~ organizations. 
Until such laboratories are established and start function1 

0 
· ·., 1J1 dgrcss in the hiological 
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control will be made. This is e4ually true for the us.e of parasites where India has been a 
pioneer in estahlishing mass production units ill Bangalore to supply parasites and preda
tors on a commercial basis. 

Seasonal outbreaks of diseases caused by entomogenous fungi such as A.'ipergillus. 
Beaun:ria. i'tlctarhi.::ium and Nomurueu spp. have been reported in H. umiigeru and S. litura 
populations on several crops in India. Field efficacy of these entomogenous fungi has not 
been tested against these pests, but attempts have been made to identify several virulent 
strains, of BeuLfferiu btJSsia11u (Bats.) Yuill (Tahle 5). The results indicated that all the 
fungal isolates tested against H. annigera and S. litura proved pathogenic to both species 
exhibiting varying degrees of virulence. One isolate of 8. bussiana (BPT) showed the 
highest virulence to both pest species. 

Bacterial insecticides can be applied either alone or integrated with other methods 
of pest control to achieve either short or long term rnntrol. The commercial preparation 
of Bacillu'i thuringiemis (B.t.) was effective against H. amiigera and S. litura in laboratory 
tests and some field trials on cote crops and vegetables, but its field efficacy is not well 
documented on crops like cotton. 

H. c.mnigera has been shown to be susceptible to protozoan diseases in addition to 
NPV, fungi and bacteria. A microsporidian ( Vairimorphu sp.) was isQlated from a few dead 
caterpillars in a natural population of H. amiigera on field beans in Bangalore, India. A 
study on thi-. pathogen showed that first three instars of H. amzigera recorded 100 per cent 
mortality and late instars were comparatively less susceptible (Table 6). 

Chemical Control 
Chemical control should only be used when the pest exceeds economic threshold levels. 
In a crop like cotton.which is highly prone to pests and diseases, there is a need to undertake 
weekly population counts to know the levels of pest population. In the absence of these 
checks, the representative of the Agriculture Department at the village level should be 
made responsible to inform the farmers on pest incidence data. The presence of technical 
staff at village level is essential for proper surveillance and reliahle forecasting. IPM will 
work effectively only when economic threshold levels are utilized properly and this is 
possihle only when staff are set apart for collection and onwards transmission of surveill
ance data. 

Economic uresholds (ET) worked out for the major pests of cotton are as follows: 

Pe:;t 

Spodoptera 

Spotted hollworms 

White fly 

Jassi<ls an<l Thrips 

ET lenl 

One egg mass/I 0 pi ants 

4-15 larvae/ 100 plants or more than 
l 0 moths/trap daily 

l larvac/l 0 plants or 10 per cent 
infested bolls 

20 nymphs/pupae/leaf or 6-8 
adu Its/leaf 

S adults or nymphs/ I() leaves 
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Aphids and \1itcs 15 per cem affl.!cled plants 

Guidelines for taking up Chemical Control Measures 

L 

4. 

5. 

6. 

7. 

8. 

9. 

Effectiw use of pest surveillance information through the installation of yellow ~ticky 
traps, light traps, pheromone traps and visual observation of the pest in tho;: fidd. 

Use selective insecticides i.e. endosulfan, phosalone. demeton-s-methyl anJ trichlor
fon, which are less toxic to natural enemies and fit into IPM programmes. 

Avoid broad spectrum insecticides which are harmful to parasites and predators. 
Adopt recommended doses and applications. Farmers apply insecticides more than 
30 times during a crop season as against University's recommendation of IO times. 
There is need to reduce selection pressure of insecticides JO bring down the levels of 
insecticide resistance. 

Avoid chemicals which are persistent in nature or formulations which rdease the 
chemical for longer duration than the re4uired period. By applying persistent chemi
cals insecticidal pressure continues to work not only on immature swges but also on 
adults, which should be avoided, lest the insecticide resistance problem becomes 
aggravated and unmanageable. 

Discourage use of slide pump and spinning disc sprayers to prevent 
(a) evaporation and drift losses arid 
( b) health hazards to operator. 

Use either hand compression sprnyers or mist blowers. 

Avoid repetition of the same insecticide. 

Use potable water for mixing insecticides. It is the experience of the authors to come 
across farmers using muddy water for spray purposes. The insectici<les may lose their 
toxic properties by being adsorbed onto clay particles or even be affected hy saline 
conditions. 

Monitor the population levels of parasites and predators and occurrence of natural 
epizootics in pest population and time the insecticidal sprays. Adopt control 
measures only when benefit risk ratios are tilted in favour of insectici<les". lnsectici<les 
to he used up !o flowering for containing sucking pests which cross the ETL an:: 

Oxydemeton-methyl 0.059( 
Dimethoatc O.osc1c 
Monocrotophos 0.1 ~i 
Eth ion 0.1 '1c 
Ouinalphos 0.075</l 

Nee<l hase<l sprays 

The following insectici<les arc recommen<le<l for the control of hollworms. 
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Monocrotophos 0.1·;·£:Chlorpyriphos0.05t;c 
Acephate 0.1 C:(.Endosulfan 0J)7C( 
Carbary! 0.15t:>(Quinalphos 0.07% 
Triazophos 0.1 t;t-Fenvalerate 0.005% 
Ddtamethrin 0Jl02%Cypermethrin 0.()04£/i 

The above insecticide sprays may be used sequenti&illy and not repeatedly. The use 
of synthetic pyrethroids may be restricted to one or two sprays only. 

The following chemicals are found to be effective against whitetlies: 

Triazophos 0.1 %Acephate U. l l/l. 
Monocrotophos 0.1-~iMethyl-S-demeton 0.05% 
Phosalone 0J)5%Amitraz 0.1% (Vidyasekar tla!.., 1989) 

Against aphids, reduced dose of oxydemeton-methyl is recommended to allow survi
val of some aphids which support ladybird beetles. 

The compound dicofol@ 3ml r 1 is recommended against mites. 
Where water become a constraint especially on rainfed cotton, dusting of carbaryl 5 

or 10%, endosulfan 4%, quinalpho~ 1.5%, phosalone 4%, methyl parathion 2% can be 
undertaken alternately at 20 to 25 kg ha·1 against sucking pests and bollworms. 

Nonconventional insecticides lik!.! chitin inhibitors i.e. diflubenzt ~on and antifeed
ants i.e. neem oil emulsion 0.05% and neem kernel suo;pension 5% have been found to be 
effective against bollworms and whiteflies. Both the groups have ovicidal advantages and 
also interfere with growth and development. They are biodegradable and fit into IPM 
programmes ( Malle~··.-,ar tl al... 1987). Rao and Reddy ( 1984) reported the usefulness of 
chitin inhibitor diflubenzuron against S. litura. The compound exhibited ovicidal action as 
well as moult inhibition effects when tested at concentrations of 100 pp:n and above. 
Mayuravalli et al. ( 1987) tested graded levels of growth regulators SIR-8514 and difluben
zuron against larvae of S. litura and found the former compound twice as toxic as the latter 
in affecting the development of S. litura larvae. Incorporation of ditlubenzuron as one of 
the treatments into IPM programmes on the groundnut pest complex worked effectively 
in preventing damage done to the foliage by S. litura and also resulted in increased yields 
(Mal l~swar ~.al., 1987). 

LEGISLATIVE MEASURES 

When the population increased to alarming numbers ( 100 or more whitetlies/leaf, 50.or 
more J/cliothis larvae/plant) the Government should enforce legislative measures compell
ing every farmer to adopt chemical control measures at the right time in the right way with 
proper dosage lO prevent damage hy such established pests. 

Social Issues 
Farmers receive insecticides on credit and become indebted to business or dealers. They 
listen to the •1dvicc of salesmen on the choice of insecticide to he purchased and apply 
insecricides as they like, some times repeatedly. It is an irony that salesmen become the 
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advisors rather than techriical or qualified staff in recommending insecticides. Farmers 
should take the recommendations from qualified staff of the Agriculture Department or 
the University. There is a need to impart training to insecticide dealers or salesmen in 
identifying pest problems and in prescribing appropriate insecticides. Pesticides should be 
sold under prescription as in the case of human medicines. Farmers should not purchase 
insecticides without a bill. Industry should co-operate and help maintain quality of com
pounds. 

There is a need to alert staff of the plant protection wing of the State Department of 
Agriculture as well as the Centre and advise them to be in readiness to meet any eventuality 
of pest outbreak by keeping the machinery in order always. Finally the co-operation of 
cotton growers is very much needed in tackling pest problems in cotton. 
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TABLE 1 
Resistance levels in third instar larvae of H. armigera (GNT Strain) to certain 

insecticides 

LCso of resistant strain Resistance 

ln-;ecticide ~GNT} index 
LCso of susceptible strain 

(SKL) 

DDT 0.0821/0Jl093 8.83 

Endosulfan 0.0359/0.0087 4.13 

Monocrotophos 0.0526/0.0070 7.51 

Quinalphos 0.0118/0.0030 3.93 

Chlorpyriphos 0.0241/0.0065 3.71 

Acephate 0.0241/0.0065 3.71 

Carbary I 0.0208/0.0062 3.36 

Cypermethrin 0.0131/0.0007 18.71 

Deltamethrin 0.004 7 /0.0006 7.83 

Fenvalerate 0.0046/0.0005 9.2 
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TABLE2 
Resistance levels in third instar larvae of S. litura (GNT Strain) to certain insecticides 

Insecticide 

Endosulfan 

Monocrotophos 

Carbary I 

Cypermethrin 

Deltamethrin 

Fenvalerate 

LCso of resistant strain 
(GNT) 

LCso of susceptible strain 
(SKL) 

0.0541/0.0038 

0.0581/0.0062 

0.0739/0.0059 

0.0043/0.0072 

0.0041/0.0002 

0.0037/0.0014 

Resistance 
Ratio 

14.24 

9.37 

12.53 

5.97 

20.5 

2.64 
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TABLE3 
Laboratory evaluation of efficacy of NPV formulations (involving water) 

against second instar larvae of Heliothis armigera 

Treatment 

NPV (unformulated) 

NPV WP (Dedenol) 

NPV WP (Lissapol) 

NPV dust (Talc) 

NPV dust (Kaolin) 

NPV dust (Lilite) 

Endosulfan 0.035% 

Control 

(After Ethiraju et al., 1988) 

(1x106 POBa/ml) 

" 

" 

(6 x 107 POBs/g) 

" 

% mortality 
(1) 

71.9b 

77.0ab 

62.Sb 

50.0bc 

50.5bc 

46.3c 

93.3a 

(1) Numbers followed by the same letter are not significantly different at 5% level using 
Duncan's multiple range test. 



TABLE4 
Larval populations of Heliothis annigera in different treatments seven days after each application in OCH 32 cotton 

Treatment Larvae/5 % Damage Seed 
plants 7 Flowe1 Squares Bolls cotton 
days after yield 
spray kg ha·I 

L NPV + cotton seed kernal powder 3.30a 9.14ab l0.53ab 7.67a 2490a 
2.5% + crude sugar 17.5% + endosulfan 
350 g a.i./ha.ULV 

2. NPV + crude sugar 20% + endosulfan 5.05ab 10.94b 14.7lb 9.86a 2420a 
350 g a.i./ha - UL V 

3. NPV + H. annib~ra larval extract 3.00a 7.51a 9.1 la 6.67a 2520a 
4% + crude sugar+ 15% + endosulfan 
350 g a.i./ha - UL V 

4. NPV + whole milk 10% + crude sugar 3.33ab 7.59a 10.47ab 7.63a 2500a 
15% + endosulfan 350 g a.i./ha -ULV 

5. Endosulfan 700 g a.i./ha - UL V 6.15ab 9.08ab 9.47a 6.78a 2518a 

6. Endosulfan 700 g a.i./ha - HV 7.00ab 8.12a 9.1 la 6.5 la 252la 

7. NPV-ULV 9.00b 19.84c 19.35c 12.11 h 1810h 

8. Control 16.09c 27.73d 27.73d 2 l.08c 1560b 

• NPV@ 450 LE/ha; ULV - Ultra Low Volume, HV · High Volume. After Dhandapani.,tl fil. ( 1987) 
""' Numbers followed by the same letter are not significantly different at 5% level using Duncan's multiple range test. °' -.J 
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TABLES 
Susceptibility of H. annigera and 5. litura to certain fungal isolates 

(After Deva Prasad, 1989) 

Fungal isolate 

B. bmsiana 

Paecilomyces 
fumosoroseus 

P. farina.ms 

Strain 

New Delhi 

Bangalore 

Bapatla 

Kera la 

Kerala 

TABLE6 

LCso (X 105 Conidia/ml) 
H. armigera S. litura 

5007 7571 

4188 5554 

2 20 

6691 9412 

52208 55788 

Effect of Vairimorpha sp. on different larval instars of H. armigera 
(After Narayanan, 1987) 

Larval Instar Mortality Incubation period 
(%) (Days) 

100 5-7 

II 100 6-8 

III JOO 6- 10 

IV 87 8 - 12 

v IO 9 - 35 
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In the integrated pest management research programme at Bangladesh Jute Research 
Institute several alternative approaches to crop protection and pest control in respect of 
jute and allied fibre crops have been developed with varying degrees of success. The 
information will contribute to better understanding and hopefully, better management of 
pests. 

Integrated pest management in jute and allied fibre crops in Bangl<1desh is a muhi
tactical approach that encourages the fullest use of mechanical control, natural mortality 
factors, and indigenous plant materials. Pesticides are used only where economic damage 
threshold levels would otherwise be exceeded. Pesticides which will cause less residual and 
environmental hazards and will fit in best with established agricultural and reuing practices 
of jute are used. 

Research work on the development of pest resistant varieties has received increased 
attention particularly with the availability of exotic germplasm collected through IJO 
germplasm project activities. In these remarks, attempts have been made to outline: the 
views on some of the most important aspects of integrated pest management in jute and 
allied fibre crops. 

INTRODUCTION 

For an efficient production of food and fibre crops to support the rapidly exp:rnding world 
population, it appears very· likely that the use of pesticides will keep on increasing in the 
foreseeable future. The reason is that the pesticides have now become an important 
agricultural input into our national life, mainly to saw crops from pest attacks. However, 
our aim is to minimise the undesirable environmental consequences <>f the use of pesticides 
including the health hazard~ for human beings and toxicity to fish. The other problem that 
dcmunds our immcui<lte attention is reducing the cost of production of jute and improving 
the quality of fibre. 
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Against this background pest control research programmes at Bangladesh Jute Research 
Institute (BJRI) are designed to show how pest species on jute and allied fibre crops occur 
in relation to growth stages of the crops and when pest management is applied at a particular 
location and how research results will impact on jute agriculture. Tolerable levels of key 
pests have been differentiated from intolerable levels and we have reasonably transferred 
that information to the extension or farmers level. In doing so, we have also recognised 
and incorporated into research and development activities the following tenets of inte
grated pest management ( IPM) and application of those data to imp;.ct on jute production: 
(I) the ecosystem is the management unit; (2) natural mortality factors of key pests are 
relied on to a maximum extent (parasites, predators, pathogens, heavy rainfall, drought and 
flooding etc.); (3) multiple control strategies are developed and used against target pests; 
(4) an interdisciplinary system approach to pest control is essential so as to achieve the 
goal of optimum production of high quality fibre at a minimum cost. 

Therefore, IPM practice requires a thorough understanding of the pest, the agricul
tural ecosystem, biological control factors, development of several alternative approaches 
to crop protection and the ability to coordinate this approach with jute crop protection and 
production disciplines. 

It has been estimated that in Bangladesh the overall production los!..:s of jute and 
allie,t fibre crops due to insect and mite pests is about 12 per cent. Chemical control gives 
satisfactory results but is costly and causes environmental pollution besides other associ
ated problems [I]. On the other hand, single factor control does not provide a permanent 
solution to any pest problem. Our aim is to reduce the cost of production of jute and to 
avoid residues of pesticides on jute that can be termed as hazardous to man or to the 
environment. Hence there is the necessity for the development and application of inte
grated pest management. 

It has been recognised that major insect and mite pest infestations are a constraint 
on achieving increases in fibre yidds and improving the quality of fibre. The pests attack 
all parts of the jute plant including flower and seed pods [2]. It has been demonstrated that 
adoption of pest control measures recommended by BJ RI may preveflt yield losses of from 
72.7 to 181.8 Kg per acre depending on the intensity of infestation. 

ECONOMIC IMPORTANCE OF THE DIFFERENT PEST SPECIES 

Ao; many as 40 different species of insect and mite pests have so far been recorded on jute, 
kenaf and mesta in Banglade!\h. However, about eight major pest species have serious 
economic consequences for jute and allied fibre cultivation in the country. The key pests 
are: field cricket (Bracl1ytrypes ponentosu'i), jute hairy caterpillar (Spi/o.mma obliquu), jute 
semilooper (AnomiJ sahuliferu), Indigo caterpillar (Spodoptera exigua), jute stem weevil 
(Apion cordwri). yellow mite (Polyphagotarsonemus latu'i), mealy bug (Pseudococcu'i vir· 
gC1itls) on mesta (flibiscu.'i suhdariffa) and spiral borer (Agrilu.\· acutus) attacking kenaf 
(llibiscus cum1ahi11us). Of these, the field cricket, hairy caterpillar and indigo caterpillar 
normally reduce yields; jute stem weevil and kenaf spiral borer cause the deterioration of 
fibre quality; while jute semilooper, yellow mite and mealy bug cause both reduction in 
yield ;.ind fibre quality. 
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PEST CONTROL APPROACHES AND TECHNIQUES DEVELOPED 

In our research activities on integrated pest management for j~!e pests emphasis is given 
on cultural and mechanical control methods, protection of natural enemies, chemical 
control practices and use of local plant materials. Researches are in progress of developing 
pest resi.,.tant varieties especially against yellow mite (P. /c.Uus), jute stem weevil (A. 
corchori) and spiral borer (A. ucutus). Both local and exotic germplasm materials are being 
sereened and some promising lines have been identified. With this background, current 
knowledge of integrated control approaches of jute pests and the recommendations so far 
released to the resource poor farmers are now discussed. 

I. riel<l cricket (8. ponentosus) causes damage to seedling jute plants and reduces 
the plant population which ultimately leads to reduction in per acre yield m 
fibre. The recommendations for its control are the following: 

(i) Infested fields may be flooded with irrigation water as and when initial 
infestation is detected. (ii) For localities where field histories of its attack 
suggest that damage occurs year after year, high seeding rates are recommended 
with a view to increasing the initial plant population to offset losses. Thinning 
operation is advised 4 to 5 weeks after planting. (iii) Operating fires will attract 
field crickets to the fires and will ultimately reduce cricket populations. (iv) 
Mixing soil insecticides (Heptachlor ~01'/c, Dieh.lrin 40'/£ WP) in water as 
recommended and using ahout 250ml of the preparation per insect hole; or· 
using strip treatment, mix one ounce qf the recommended insecticide in as much 
water as is required then tre~t 95m- of infested area with sufficient solution 
poured into fresh burrows. 

Jute hairy caterpillar (S. obliquu) usually the larvae feed on mature leaves hut 
in case of heavy infestation, the plants are totally defoliated. Infested plants 
hecome stunted in growth and yield is reduced. The young caterpillars remain 
gregarious for ahout 6 days on the lower surface of the leaves and skcletonize 
them. Control measures so far developed are: 

(i) Hand picking of early instar larvae when they are in the greg~1rious state and 
kiiling them either hy hurning or dipping in kerosinized water. Control 
measures against hairy caterpillar arc most effective when applied to the pest 
at the time of maximum concentration and minimum mohility. (ii) A Hra
chonid parasite, Apumc:les ohliqum· and Tachinid complex Blephurdltl sp. Ca
ciliu sp. and Pule.wrfoa sp. give good control of Spilo.wma obliquu under 
favourahle situation. A considcr~1hle numher of pe!--1 larvae suffer natural 
mortalities due to virus and a fungal ( Ery11ic111eopyrulidi1rum) infection. Protec
tion of these natural enemies is advocated. (iii) Once the caterpillars have 
swarmeJ in the field. the growers hecome concerned. Under !-.UCh circunhtan
ces insecticides like diazinon l>O'ii EC; fc:nitrothion (Sumithion 5W'c EC), 
hromopho'.'1 (Nexion 25% EC). monocrorophos (Nuvacron .Jo<:i EC) and qui
nalphm (Ekahx 25~,c EC') arc recommended for control. 
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3. Jute Semilooper (.4. subuliferu) feeds on apical leave~top shoot of jute plant 
causing stunted growth and side branching. The following control measures arc 
recommended: 

( i) If perches are provided in the infested jute field for encouraging insectivor
ous birds. they will eat the semilooper larvae and help considerably in control
ling the pest. (ii) Semi looper feeding on apical leaves can be prevented by 
dragging a rope soaked in kerosene oil across the infested field so as to dislodge 
the pest. (ii) A nuclear polyhedrosis virus c-.msed natural mortalities of jute 
semilooper. The diseased larvae become sluggish and gradually turn yellowish 
in colour. Before death, infected larvae stop feeding and migrate to the top of 
the jute plant where they hang with head downwards [J]. After death, the body 
contents become dispersed over the jute plant in the form of light yellowish or 
whitish fluid heavily charged with nuclear polyr..!dra, resulting in natural dis
semination. The virus is highly infectious and virulent, so that 6-8 fully grown 
larvae in an advanced stage of the disease are sufficient to make one gallon of 
spray. To )Jroduce effective mortality, it is important that the virus preparation 
should be applied soon after the time of egg hatching. (iv) A Tachini<J parasite 
T richolyga sorbilans and Eul}toma sp. ( Eurytomidae) are important parasites of 
jute semilooper. (v) Spraying with any one of t1e insecticides; Ekalux 25% EC. 
Nexion 25% EC and malathion 57% EC using recommended doses gives very 
good control of jute semilooper. Only the top leaves are subjected to insectici
dal pressure. 

4. Jute stem weevil (A. corchori) is one of the very serious pests of jute which 
affect-; the quality of fibre. The damage is mainly caused by the larva which 
feeds inside the bark damaging the fibre bundles. Recommendations for its 
control are the following: 

(i) Removal of the top shoots from infested seedling plants at the time of the 
weeding and thinning process and their destruction. (ii) The parasites, EnteJon 
sp. and Braam greeni cause high mortalitie~ of the pest unde!" field conditions. 
Consequently, in our present pest management programme preventive spraying 
is not encouraged, a modification of earlier practice. (iii) Destruction of 
alternate host plant Triumfeta rhomboidea and other shrubs harbouring the 
adult weevils during off-jute season offers a method of reducing the stem weevil 
field populations. (iv) Of the two cultivated species of jute ( Corchorus ct1psu
laris, Corchorus olitorius). C. capsularis suffers serious damage due to stem 
weevil infestation. Therefore, insecticides are usually applied on capsularis jute 
against the pest. The recommended insecticides are diazinon t>OCk EC and 
oxydemeton-methyl (Meta~ystox 50% EC). 

5. Jute yelh>w mjte (P. latus) at present is the most serious pest of jute in Ban
gladesh. It is responsihle not only for yield losses hut al!'lo for 1hc reduction of 
fibre quality. Current control measures include: 

(i) Chemical control using a miticide, namely sulphur (Thiovil 8Wk WP), 
dicofol (Kellhane 42.5% EC), fenbutalin oxide (Torque 55</c WSC) or Uni flow 
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52.4t;( EC. is suggested at the time of initial attack and it is advised that only 
the top leaves ( L'P to 11th leat) need to be sp:-ayed (4. 5]. This will greatly reduce 
the co~;t of production of fibre. Timing of applic:ition must be optimal. (ii) Use 
of local plant materials. mainly neem (A::adirachra indica) leaf extract in hot 
water and neem seed oil have been recommended for the contrd of jute yellow 
mite. At the village level. the extract can easily be prepared by using green neem 
leaf at the ratio of 1: 10 in hot water kept for 2-5 minutes and by crushing neem 
seed in simple machinery which can be easily fabric-.11ed to produce neem oil. 
Neem seed oil is used al the concel"ltration of 2 ml per 100 ml water. adding 1 
gram of soap per litre of preparation. The materials are applied to standing jute 
crop to control the pest. Usually a second spray within 48 hours following the 
first spraying gives adequate control. The method is safe. convenient and 
effective. However, neem seeJ oil at higher dosage rates will cause phytotox
icity of jute plants. 

6. Mealy buK (P. l-'irgarus). The infested leaves gradually shrivel up and curl over. 
The infestation caused swelling of the terminal shoot and induces side branches 
giving rise to witches-broom. The apical part of the plant is subjected to 
insecticide spray using any one of the recommended chemicals such as diazinon 
<>0% EC. malathion 57% EC and Nuvacron 40% EC. 

7. Spiral borer (A. acucus) causes damage to Hibiscu'i cannabinus (kenaf) and 
reduces the quality of the fibre. About 92 per cent of attacks are concentrated 
within the lower 2 metres of plants above soil level [b]. Application of insec
ticide covering the lower 2 metres of the plants gives adequate control of the 
pest. 

RESEARCH ON BOTANICALS HAVING INSECTICIDAL PROPERTIES 

A few local plant materials having insecticidal properties have been identified and their 
efficacies are being investigated for possible use against the pests of jute and allied fibre 
crops. The botanicals so far selected and tested are Neem.Azadirachta indica (leaf & fruit); 
Nishinda, Virex negundo (leaf); Bankalmi, lpomoea sepiara (leaf), Biskatali, Polygonum 
hydropiper (leaf) and jute seed, Corchorus capsularis (seed). Laboratory and field tests are 
being carried out for assessing mortality effect. repellency and antifeedant actions of some 
of the promising botanicals. On the basis of test results obtained so far, provisional 
recommendations have heen released to the jute farmers for using neem leaf extracts and 
neem seed oil for field use as safe and inexpensive control agents against the insect and 
mite pests of a jute and mesta. 

Arrangements have also hecn made for conducting field trials against jute pests using 
azadirachtol/azadirachnol, nimolinone and nimbocinone (7, 8] ;,>r evaluating their effec
tiveness (toxicity, antifcedant, growth regulating properties and other biological effects). 
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The use of crop varieties resistant to damage or attack by insects has been practised for 
many decades [9. 10). Efforts are being made at BJRI tu develop resistant varieties 
especially against jute stem weevil (..t. cordwri). yellow mite (P. lams) and spiral borer (...t. 
uculllS ). A major constraint to the development of pest re~istant varieties of jute and allied 
fibre crops has been the lack of sufficient diversity in the germplasm. In efforts to overcome 
this problem. The International Jute Organization (IJO) Germplasm Project involves the 
collection of diverse germplasm from different sources world-wide. Samples of IJO seed 
material (germplasm) are stored at the Gene Bank of BJRI which has bec:n designated as 
the Centralized Germplasm Repository (CGR). 

Screening of germplasm lines against sucking pe~ts. particularly yellow mite h~ 
yielded encouraging results. Hopefully, incorporation of yellow mite resistance into im
proved varieties will be possible within a reasonably short time. 
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It is unanimously agreed that pesticides have played a significant role in increased agricul
tural production during the past half century. At the early period just after the Second 
Worid War, however, those compounds with longer persistency and wider pesticidal 
spectra were well accepted, resulting occasionally in certain adverse environmental eff e:ccs. 
In contrast, more recently owing to the advances in numerous disciplines of science reloted 
to research on pesticides, much more efficacious, and at the same time, more selective and 
biodegradable compounds have been introduced, as illustrated in Figure 1. It is well 
recognised that chemical pesticides will remain predominant in the total strategy of plant 

Figure I. Year of marketing and efficacy of pestiddes 
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protection in the foreseeable future to cope with a tremendous population increase on the 
earth. It is obvious that the endeavour to seek better pesticides has to be strengthened 
world-wide through collaboration with all those concerned. including ac<:.demia and indus
try. 

Elucidation of the mode of action of pesticides. coupled with differential metabolism 
for bioactive metabolites. has been. and is even more significantly today. one of the essential 
components of rational approaches to modem pesticides. Actual knowledge on metabo
lism of pesticides in living organisms leads to the concept of bioactivation of xenobiotics 
(e.g. butonate to dichlorvos. benomyl to MBC. tralomethrin to deltamethrin.; ialaphos to 
phosphonothricin. Figure 2). thus permitting modification of chem!cal structure in more 
appropriate manners. including construction of propesticides. It is well known that in 

Figure 2. Bioactivation of propesticides 
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ce1 tain cases selective toxicity of pesticides stems from their differential metabolism in 
susceptible and resista11l organisms. The site of action of pesticides has been gradually 
elucidated in biochemical terms. as shown in Table 1. Thus. the effort to find out additional 
targets whici1 are preferably specific to pest organisms shoulJ be encouraged, since it will 
lead to novel frontiers of plant protection. 

The recent advances in computer-aided quantum chemical calculation including 
computer graphic:i,, in combination wirh elucidation of molecular structure of receptor site 
by mear.s of gene engineering and rehted techniques, have comributed much to a more 
precise understanding on how bioacti\ e xenobiotir molecules interact \\ith rhe re~pective 
machinery of living organisms. One of the representative examples of three dimensional 
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TABLE I 
Biochemical and mo:~cular site nf :!Ctiun of pesticides 

Site of action 

Nervous system 
sodium channel 
Acetylcholine receptor 
Acetylcholinesterase 

Chitin synthesis 

Egosterol synthesis 
Mito~:~ (p-tubulin) 
Phospholipid symhesis 
Melanin synthesis 

Photosynthesis 
Photosystem II 
Chloruphyll synthesis 

Aminoacid synthesis 
EPSPS 
Acetolactate synthase 
Glutamiriesynthase 

Gibberellin synthesis 

Elearon transport/phosphorylation 

Example 

Pyrethroids 
Nicotine, Canap 
Organophosphates, Carbamates 
Diflubenzuron, Bu prof es in 

Triazoles 
Benomyl. Diethof encarb 
IBP, Edifenphos 
Fthalide. Tricyclazole. Pyroquilon 

Triazines. DCMU 
Diphenylethers. 
T etrahydrophthalimides 

Glyphosate 
Sulfonylureas. Imazapyr 
Phosphonothricin. Bialaphos 
Uniconazole, Paclobutrazol, 
Inabenfide 

Rotenone, Ioxynil. Phosphine. 
Carboxin. Paraquat 

structure elucidation is nicotinic and muscarinic acetylcholine receptors with active con
formation of acetylcholine bound with the respective receptors. More direct evidence of 
herbicide teri)utryn bound with pl~otosystem II of the purple bacterium Rhodop:;eudomon
a5 1:iridis is visualized with computer graphics, a~ reproduced in Figures 3 and 4. Further
more, the primary structure of Torpedo acetylcholinesterase, bacterial glutamine synthase, 
a' well as several microsomal P450's has been elucidated. One additional interesting 
ex<Ample is the imeraction of benzimidazole fungicides with microbial p-tubulin (Figure 
5), which i~ their known mode of action as fungicides. Among the 447 amino acid sequence 
'lf a benzimidazole-sfnsitive strain of Neurospora craua, phenylalanine at Nol67 or 
glutamic acid at No19X is modified to tyrosine, or to glycine, respectively, to become 
resistant to benz;midazoles and/or to diethofencarb. although the detailed mechanisms of 
how the modifiedP-tuhulin proteins interact with different fungicides is yet to be clariiicd 
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Figure 3. Photosynthetic reaction center (Rhodopseudomonas viridis) 

Figure 4. Binding of triazine type herbicide 

This cumulative knowledge on structural detail of receptors as well as interaction of 
xenobiotic molecules accelerates the approach to more efficacious pesticides by morlern
izing the rational synthesis of candidate compounds in ways not previously possible. Also, 
the knowledge will help to elucidate certain resistance mechanisms, especially resistance 
due to so-called target insensitivity. 



Figure 5. Binding ot fungicides with microhial p-tuhulin (Neuro.'ipora c:rassa) 
N.B. S: susceptible. R: resistant 
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Although direct use of naturally occurring bioactive products including insect and 
plant hormones and a variety of semio- chemicals for plant protection purposes is generally 
considered to he difficult except under certain circumstances because of several reasons 
~uch as intrinsic low activity, complex chemical nature, unfavourable physicochemical 
properties and ecological difficulty, they nevertheless serve either as a lead for chemical 
synthesis or as a tool to explore mode of action. Therefore, studies ought to be encouraged 
for potential plant protectants. Since much information is available on these, just a couple 
of examples are cited here, Figures b and 7, including those discussed in the last 7th 
International Congress of Pesticide Chemistry, Hamburg, 1990. The structure of some of 
them in Figure<> (pyrrolnitrin. strobilurin) has been modified for use in plant protection. 
Since the chemical structure of these nJtural products in relation to their mode of action 
is little understood <>t present, more academic efforts are needed before they can be 
incorporated into plant protection strategies. 

In conjunction with what has been mentioned, structural modification of juvenile 
hormones (JH) has been attempted yielding several synthetic analogs which, beginning 
with mcthoprene, have proved now to he successful in insect pe!i-t control. Methoprene is 
more stahle than n~1tural JH~ and has been used for control of mosquito and house-fly 
larvae, hut is seldom used in agriculture. Other JI-I analogs such as phcnoxycarb, and 
especially pyriproxyfen sterically very similar to JH Ill, are demonstrated to he intrinsically 
more active. with unexpectedly, additional hiologirnl activity as exemplified hy the ovicidal 
activity of pyriproxyfen (Figure 8). 
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Figure 6. Several examples of naturall} occurring bioactive products 
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Figure 7. Polypeptides and polyamines as insecl hormones or toxins 
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Figure 8. Efficacy of pyriproxyfen (JHA) on insect pests 
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The presence of chiral centres in the molecule generates stereoisomers, one of which may 
possess different hiological activity. A typical example has heen seen in synthetic pyre
throids, e.g. esfenvalerate and deltamethrin, already cor.1mercially available nowadays. 
Figure 9 shows another example, where PGR activity of uniconazole can he separated 
structurally from its fungicidal activity. The progress of stereoselective synthesis will enahle 
to manufacture one specific chiral isomer irJ a large scale, as shown In Figure IO, in which 
one optical, insecticidally most active prallethrin isomer can be prepared by combined 
chemico-enzymatic processes. Such attempts at synthesizing des;red isomt.:rs should be 
encouraged, since, if commercialised they will result in release of smaller amounts of 
necessary ali4uot of pesticide into the environment. Thus, in short, thorough chemical 
understunding on behaviour of living organisms, comparative metabolism, biochemical and 
molecular studies on mode of action of xenobiotics, coupled with computer chemistry 
approaches, should be integrated for creating innovative, and rationally designetl pes
ticides, with higher biological activity. 
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Figure 9. Fungicidal and PRG activities of optic.ii isomeD of uniconazole 
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Figure 10. Chemico-enzymatic synthesis of optically active prallethrin 
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The principle for generation of genetically engineered plant varieties has been well 
established and several transgenic plant varieties conferred with insect resistance or 
herbicide resistance have been available as shown in Ta!>le 2. In addition, introduction into 
plants of viral coat protein genes or anti-sense RNA sequence to viral genome renders 
them disease- resistant. Diagnostic reagents of various kinds for plant disease are now 
being prepared. Thus, in future these new plant varieties as well as relat~d novel t~chniques 
can be practically used, at least to some extent, for plant protection, and therefore, these 
and related studies should be expanded and accelerated as much as possible. However, 
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the eventual outcome of genetic engineering research including safety of these plant 
varieties should be carefully examined and verified for their general acceptance in society. 

Just a brief mention should be made regarding formulation chemistry and application 
technology. which should be improved taking into account the following viewpoints. 

- minimum hazard to applicator 
- uniform distribution and effective absorption of active ingredient to plants 
- least contamination of the surrounding environment 
- safe handling of container and waste disposals 

To meet these requirements, solventless. and/or driftless formulations have been elabor
ated, including microcapsules, wettable dispersible granules, and water soluble packet as 
well. These considerations are particularly important for workers under tropical and 
subtropical conditions and also for untrained applicators. The use of appropriate adjuvants 
and surfactants should be recommended to increase adsorption and absorption of active 
ingredients, as well as eiectrostatics and anti-drift additives to minimize contamination of 
surrounding environment. Where appropriate, automatic rinsing devices, and returnable 
and recyclable pack programmes will be used to avoid excess waste disposal. 

TABLE2 
Genetic engineering in plant protection 

I. Transgenic plants 

Insect resistance 
Tobacco 
Cotton, Tomato, Potato, Tobacco 

Disease resistance 
Tobacco 

Potato 

Herbicide resistance 
Soybean, Cotton, Tomato, Rape 
Maize 
Tobacco, Wheat 

II. Diagnostic reagents for plant disease 

Monoclonal antibody 
Soybean 
Rice 
Beet 
Kiwi 

DNNRNA probe 
Potato 

Plum 

Protease inhibitor gene 
BT-toxin gene 

TMV coat prote!n gene 
TMV mild strain 
CMV satellite RNA 
CMV anti-sense RNA 
Tabtoxin acetylase gene 
PVX, PYX coat protein gene 

Glyphosate 

Sulfonylu·rea 

Rhizoctonia 
RSV 
BNYVV 
Pseudomon"s syringae 

PXV (DNA probe) 
PSTV (RNA probe) 
Plum pox virus (RNA probe) 
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Clearly mammalian toxicology stm!ies are intended to clarity the tu.xicological fea
tun~s of respective pesticides. ha~;:d on which NOAEL (No Ohserved Adverse Effect 
Levd) is established, to he extrapol<1ted to determine Acceptabk Daily Intake for Man 
(ADI). At this moment a number of detaii\!d guideline studies ha,·e been required hy 
national regulatory agencies. and the procedures to set up ADI (and VSD - Vinually Safo 
Duse for tumorigenic compound adopted in the United States of America) have been 
commonly accepted internationally. However. the cumulative evidence indicates that 
there exist species differences in response to xenobiotics which sometimes are not yet well 
correlated wilh each other, and hy which the extrapolation is made with little sound 
scientific agreement. In other words the relevance to man is remote or non existent in such 
cases. For typical examples, the rat testicular interstitial cell tumor observed in many 
strains. hepatocellular tumor hy peroxisome proliferators, thyroid follicular cell tumor by 
thiouracils. renal tumor by branched hydrocarbons, and the mouse hepatocellular tumor 
hy urethanes are often questioned with respect to their relevanl·e to man. Thus. com
parative studies in experimental animals and man in every aspect of toxicology, especially 
lhose based on molecular understanding. will be undertaken much more extensively to 
bridge such gaps. including pharmacokinetics (low dose extrapolation) of bioreactive 
metaholites which produce the toxicological changes. These regulationally less con
strained hut more in-depth studies help enlighten the true nature of the toxicity. 

Anolher demanding task in toxicology is how to rationalize and refine existing testing 
protocols based on the numerous new findings, which is also related to social acceptance 
of animal experiments. Actually a variety of so-called alternative te~t procedures have been 
proposed, as listed in Tahle J. and several of them are actually used either for confirmatory 

I. 

II. 

III 

IV. 

TABLE3 
Alternative me!hods in toxicoloh'Y 

Acute toxicitv 
I. Fixed dose procedure, hy 

British Toxicology Society, Bundesgesundheitsamt, or OECD Method 
In ~·itro l.)'totoxicity assays: 
Morphological changes of cell component 
Inhibition of cell proliferation 
Rate:: of DNA or protein synthesis 

Eye irrilation 
I. Morphol<>!,'Y: Enucleated superfused rabhit eye system 
" Cell toxicity: Adhesion/Cell proliferation 
3. Cell and tissue physiology: Bovine cornea/Corneal opacity 
4. Inflammation/Immunity: Rat periwneal cells/Histamine release 
S. Recovery/Repair; Rabbit corneal epithdia (cells/wound healing) 
Skin irrilation 
I. Morphol<>!,'Y: Test skin (hyhrid organism) assay system. Enucleatcd animal or 

human skin system 
" Cdl toxicity; Kcratinocytc/Proteinase inhihition 
Carcinogenicity 
I. Mutagcnesis; Gene mutation, Chromosomal ahhrcvia1ion, DNA damage and 

repair 
Promotor assay; Cell-cell communication, Ornithine dccarboxylasc induction 
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TABLE 3 Continued 

3. In 1·im short (medium) a~~y: 
Rapid hioa.,say 
Muhiorg:m bioassay for hepato-c-Jrcinogenesis. 

4. Cell transformation as ... ay 
V. Teratogenicity 

I. Mouse ovarian tumour cells/cell adhesiveness 
., ~ouse limh bud/histo: Jgical differentiation. synthesis of proteoglyc-Jns 
3. Rat n;!ural tube an<l limh bud/histological differentiation 
4. Rat whole emhryo culture/malformation. death. growth retardation 

purposes ur for predictive screening testing apan from the required guideline studies. 
When considering how to minimize false-positive and false-negative findings. how to 
incorporate human systems. how to reduce the number of animais used. and especially how 
to acquire scientifically acceptable and significant findings. well simplihed. alternative. 
cost/effective procedures including those in i·itro using cultured t:ssue systems will be 
developed. It is hoped that ultimarely some of these will be utilized. replacing the present 
guideline studies. 

Similarly to mher structure-activity relationship studies. computer-based structure 
toxicity relationships (QSAR) have been examined. bao;ed on whi,·h several programmes 
have been daborated as sLJpplements. if pertinent. for predicting roxicity of compounds. 

Including a:! the above, the respective national guidelines and protocols for mamma
lian toxicity testing should be harmonized internationally to avoid mere repetition of 
testing. thereby reducing meaningless expenditure of social resources. 

No pesticides are completely selective, acting only onto target pest organisms. De
pending on their physico-~hemical propenies, and also on the environmental conditions, 
they behave in quite a variety of ways. either to translocate to other ecocompartments, or 
to um.lei go metabolic alterations yielding more reactive (toxic) molecular species. Thus, 
to safeguard environmental quality and safety by avoiding as many of the possible environ
mental issues associated with use of pesticides shown in Table 4, a wide range of environ
mental studies are needed including I) crop metabolism and residue determination. 2) 
abiotic and biotic degradation, as well as hioconcentration and 3) short-term and long-term 
toxicity in non-target organisms. 

TABLE4 
Major er.vironmental issues related to pesticide use 

Soil persiMency (Build up, Rotational crops) 
Ground water contamination 
Bioaccumulation in the environment 
Undue residues in agricultural commodity 
Adverse effects (~•cute and long-term) on non-target organisms 



I lowcn~r. the mere accumulation of numerous c.xpe!"imcnt&tl trials i~ insuffkient for 
the di:-cmcry of general principle!\ on the cn,·ironmemal hc:ha\ iour of pc!!\ticide!\: they 
!\hould he: conducted !\ystemati ... "aliy. so as to generate foreca..,ts ,,f the fate of .xenobioti ... -s. 
e\·en under different en,·ironmental condition.,_ It is well kno\\ n that se,·eral phy!\i ... ·o-
chcmical properlies of pesticides a.' shown below are particularly useful to predict their 
mohility \\ ithin and hetween em·imnmental ... ·ompartmcnts a.."i w1• ii &L'\ alterations therein. 
and should he utiliz~d as extensively a..' possihle: 

- phy°!'>ical state at amhient temperature (mp and hp) 
- solubilit\· in waler. Sw 
- \·apour pressure (at 20 - 25''C) 
- partition coefficicnt (11-octanoi:water). Pow 
- adsorptimv'desorption (preferably Koc - ha.,ed on organic carbon conlent of soil or 

sediment) 
- dissodation constant. pK 
- rdafr .. ·e molecuiar mass (volume). \1 

T ahle 5 shows one example of how these parameters arc used lo foreca...;t cm ironmental 
hc!!taviour of pesticides. 

TABLE5 
Critaia of pesticide char<icteristics on groundwata contaminalion potentiality 

Water soluhility 
Adsorption codficient ( K) 

(Koc) 
I knry"s law cons!ant 
Charge 

1 lydroly~;is half-life 
Photolvsis h•1lf-life 
Fidd dissiparion half-life 

> 30ppm 
< 5 (usu&1lly < I - 2) 
< 300 - 500 

. ~ ' < IO - atm. m· ,'mot 
l'\egati\·dy charged at 
amhient pH 
> 25 weeks 
> I week 
> 2 - 3 weeks 

The il;~orctical •1ppro<1ch hy using computer modelling and simulation. although 
prcm<ature at prc:~ent. ~hould he: c:ncourageJ tu en~1hle the data ohtaincJ casc-hy-casc: to 
he genc:rali~cd to c:stahlish more: predictahk principle for environmental hehaviour of 
pesticide. 

Since: there arc vast numhc:rs of non-wrget org<1nisms in the: environment. it is 
impc:rati\c: 10 choose certain limited numher of appropri&1tc species for c:cotoxicology 
testing. and also to c<1rdully construct total te~ting systems indud;ng necessary criteria for 
triggering. The tc:~ting conJitions should rc:tlect actu<tl environmental conJitions where 
these non-t<1rgc:t organisms •ire: to he exposed to pesticides. The em ironmental monitoring, 
"'hc:n <kerned necessary. should hi.! conducted in cost/cffcctivc.:· ways so as to ae1.1uire 
significomt information. 

In some: countries general puhlic concern <thout food safety •ind the: s•1fety of minute 
amounb of pesticide rc:siJuc:s which remain in agricultural comm<•llitic:s is <.1ues1ioncd. and 
it appear' that lc:gi~lati1u1 ~111d rcgul<llion of pesticides arc in serious Jouht hccausc people 
think these can never gu<1ramc:c food safety. I lowcvc:r. the fact i' that pesricide residues 
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in looJ ncn:r cml.mgcr puhlic health: peslil.:itk residues arc nol the only comaminants in 
fonJ with toxicologiG1l t.'l>ncern. and the total toxit.-ants induding tho.~e of natural origin 
shou!d h;: <N,essed on tht' same oasis. Th•: consumers han: insufficient sound knowkdge 
on pesticides - their importance in flKKI pnKluction. and their toxicological propenies as 
well a..' the reguk1tor)" prot.·edures for minimiLing risks. Since the'} can neither avoid 
exposurc to pesticide residues. nor "·isualize the attendant hazards. they will inevitably be 
suspicious of pesticide use. So every necessary step should be taken to assist general public 
through appropriate "risk communication" to form a balanced view on the possible risks 
of pesticides a.' compared. e.g .. with natural toxic .:untaminants. 

It is unanimou,ly agreed that.international collahoration is highly necessary to har
monize national regLilations on pesticides. and to solve the problems a.\sociated with 
pesticide residues in agricultu!"ai commo<lities entering world trade. Already the frame
work for the purpose ha.\ been formt~d. e.g. through the Joint Meeting on Pesticide 
Residl!es. the Co<lex Comm!nee on Pe'iticide Residues and the International Programme 
on Chemical Safety activities. and endeavours to strengthen such international ties should 
be increased. In fact. :he difficulty with which devdoping countries are confronted in 
urgcntly increasing agricultural pro<luction. can he overcome more easily through clo~er 
collahoralion of dc:vdopeJ countries. indu<ling smooth technology transfer. In this context 
especially ''The lmern&lliona! C<Kle of ConJu'"·t on the Distrihution and Use of Pesticides" 
e:-.tahlisheJ hy F..\O in 1985 should he substantiated"-' early anJ as firmly as possible. In 
tropical and suhtropical areas ad<lirional rnnsi<lerations and precautions are needed owing 
to th.: climatic conditions there which significantly imp.ict on the use of pes<icides, e.g .• 
compkx!ty in agriculturnl pests. altered environmental hehaviour of pestici<les. easier 
deterioration during storage of technical products and formulations, more hazards for 
applicall~r Jue !o un.-·1vourahlt! working conditions. Thus. mu:ual understanding and 
collahoration among every individual and every nation concerneJ will contribute a great 
deal lO the hetterment of mankind in the 21st century. which certainly accords with •.he 
sovereign aim of the United Nations Industrias Development Organization. 



390 

POSTER PRESENTATIONS 

PRESt..~T STATUS ASD COUNTERMf.ASLRES OF l~SECTICIDE 
RESISTANCE IN RICE AND VEGETABLE PESTS IS CHINA 

TANG ZHEN HUA 
Shanghai Institute of Entomology. Academia Sinica. Shanghai. China 

Of the 26 species of agricultural pest reponed to resist insecticide in China. h ar\! rice pests 
and 8 are vegetable pests. Their occurrence is summarised in Tables I and 2. 

In the green rice leatbopper Neplwtcrtix cincticeps. malathion resistance is caused by 
increased carboxylesterase activity. which plays a more important role in the resistance to 
dimethoate than the mixed function. oxidases. The in 1·i1ro and i1; ,.;"° results are in 
agreement with studies of synergism of malathion and dimethoate hy triph~nyl pho:-iphate 
(TPP) and S-benzyl 0.0-diethylphosphorothio:th! ( EBP). These synergists delay the 
development of re:;istance. and EB? when added to malathion has limited the development 
of resistance to malathion in the green rice leatbopper. 

The diamondback moth (Plutellu .l)'lo.m·lla) from Shanghai and Gongchu has de-
veloped resistance to organophosphates. carbamates, pyrethroids and DDT. Among them 
the resistance levels are particularly high for pyrethroids. such as lidtamethrin (more than 
x 10414 ). fenvalerate (x 2102 and more than x 35o9) and permethrin (x 245 and x 1533) by 
topical application. In 1-fro and in ,·itro studies sh1>w thar insecticide resistance of the 
diamond back moth involves several factors· acetylcholinesterase in:'lensitivity, high mixed
function oxidase activity, slight (x 2.4) increase in glu1athione S-transfo1 ase as well as 
probable nerve il!sensitivity. Carhoxylesterase might be involv~J. hut does not piay an 
important role in the diamondback moth. 

Synthetic population experiments in which the mosquito Cu/ex pipien.'i pa/lens \\as 
used a:-> the stand<.ird model pest indicated that insecticide mixtures, alternation or rotation 
can delay buildup of resist<.ince; resistance to malathion <.ind trichlorfon was del<.iyed when 
the two insecticides were used together. Used singly each insecticide selected for high 
resistance within 25 generntions. The simulation of mosaic control of malathion and 
fenvalerate delayed the onset of resistance to malathion but not to fcnvalcrnte within 10 
generations. Field experiments showed that mosaic rotation of dimethoate and fenvalerate 
delayed 1he onset of insec1iciJe resistance in Lipc1phis e1y5imi pscudolm.1.'isicae and Cuvar-
iellc1 sulicicola. 
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TABLE I 

Cases and levels of resistance of rice pests to insecticide in China up to 1989 
(Sources: references !-12) 

Spc"-;cs l:tsccticide and rcsislancc Method of tc.:sting Areas and years 
lc.:vd occured 

I. Rice !>lc:m borc:r BHC (xl-4) Topical J~u., Shanghai. 
f Chilo suppressulis) Parathion (x5) application Zhejiang (1986) 

Trichlorfon (x4) Shanghai 11987) 
Ma!athion (A3) Jiangxi (1987, l~) 
D;mt!lhypo (x-1-15) 
Mcthamidophos (x-1-13) 
l\Hhyl parathio:i (x-1-12) 

:!. Paddy stem borer BHC (x5-l.i) Impregnated Shanghai, Zhejiang 
( Sdrpophaga Parathion (x.3-6) rice seedlings and Jianhsu (1975) 
u1cenulas) FenitrOlhioo (x4) and poisoned 

breeding medium 
Trichlorfon (x.i) Topical Shanghai ( 1988), 
Me1hamidophos (xJ) applica1ion Guangxi (1988),-
Methyl para1hion (xl5) Guangdoog (1988, 
Fenitrorbion (xJ) 1989) Jia.og$u (1988) 

3. Green rice lcalboppcr Mala1hion (x4) Topical Zhejiang (1976) 
( Ni:plwcct1ix cillcciccps) Parathion (x3) 

Dimc1hoa1c (xii) 
DDT(x3) 
Mc1olcarb (MTMC) (x2) 
Carbary! (x2) 

.J. Brown planthoppcr BHC (x4-6.6) Topical Zhejiang and 
( i\'ilapan:ata luge11s J Malarhion (x3-IO) Jiangsu (1975, 

: ..:ni1ro1hion (x7-l0) 1986) 
Mc1hyl pararhion (xJ) 
fsoprocarb (x5-JO) 
Mclolcarb (MTMC) (x5-IO) 

5. White backed plan!- BHC (x.3) Topical Hunan (1983) 
hopper ( SOJ(atella Methyl parathion (x78) (Compared with 
furcifcra) Mala1hion (x80) lhc LDso's of lhe 

FcnilrOlhion (x97) colony from 
Carbary! (x73) Kyushu. Japan in 
lsoprocarb (x8) 1963) 

6. Rice leaf roller Trichlorfon (x.l) Topical Jiang~u (1986- • 
( C11aph11/ocrods Mc1hyl para1hion ( x 11) 1987) 
medina/i.f J Dimclhyp..> (xl6) 
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TABLE2 

Cases and levels of resistance of vegetable pe~ts to insecticide in China up to 1989 
(Sources: 1derences 13-22) 

I. Mdon-wuon aphiJ 
(Aphid gossypiiJ 

2. Willov.- aplud 
( Ccmuiellu sulicicdu) 

3. Muslard aphid 
( Lipapliis erysimi 
pse11dobrass1cue J 

-1. Cabbage flea-bcclle 
( Pflyllotretu cittuta > 

5. Greenhouse whilcfly 
( T riule11rudes 
i·upor11rion1m J 

6. Green peach aphid 
( My::us persicc1e J 

7. Cabbage worm 
( Pieris rupae > 

X. Diamondhack molh 
(Piute/la >.ylostella > 

lnsc ... 1.icidc anJ resislan..."\: 
k\·d 

Fcnv-.1lcralc (x.!::!3) 
Ddlantclhrin (x5:!0J 
Dimclhoalc (xU~) 
Omclhoalc (xl3) 
Pirimicarb ("81) 

Malalhion (x35) 
Dd1amclhrin (xJOO) 
Fenv-.a.lcralc (x!.30) 

Sumelhrin (xlO) 
Fcn.-alcrale (.(S) 

Dimelhoah: ( x5) 

DDT(xJ) 

Dd1amclhrin (x6!90) 
Fcnvalcrale (xllJ-12) 
Malathion (xlO) 

Dimclhoalc (x-1) 
Dimclhoatc (x.56) 
Omclhoalc (x217) 
Fcnvalcralc (xl08X) 
Dcltamclhrin (x-929) 

DDT (i6-55) 
Trichlorfon (xlOO) 
Accphall.: (xt>) 
Dcllamcthrin (ri-28) 
Fcm•alcralc (x6) 
Trichlorfon (>xii.Ill) 

Dcllamclhrin (x:?.87) 
Fcnvalcralc (x-135) 
Cypcrmclhrin (x41 I) 
Fluq'lhrinalc (~J15) 
Accphalc (x4) 
DDT ( > x.3.1) 
Carharyl ( > x.l.1) 
Dchamclhrin ( >xllHl-1) 
Fcnvalcralc (x.2102- > J5W) 
Pcrmclhrin (x.245-15.H) 
M:1la1hion (x.27-144) 

l\klhoJ of le~in!! 

Dipping 

Topical 
applicalion 

Topical 
applicalion 

Spray 

Dipping 

Topical 
application 

Topical 
applicali"n 

lmmcr!>ion 

Topical 
applicilliori 

Are;co anJ years 
tX."l:UrrcJ 

lkijing. Hcbci 
ll '183-1 ')8()) 

Shanghai ( 1986) 

Shanghai ( 1986) 

Zhcjiang (1964) 

Beijing ( 1~7-88) 

Jiangxi ( 1988) 
Beijing ( 1983-&~) 

Shandong. Hubei, 
Hcilonjiang, 
Sichuan, 
Jiang_">U and 
Shanxi (l~I} 
Shanghai ( 1988) 

Shanghai (198b) 

~hanghai, 

Guangzhou (l'Jh8) 
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EFFECTS OF DELTAMETHRIN ON PHOSPHORYLATION OF MOUSE BRAIN 
PROTEIN IN VITRO 

LENG XIN FU A "iD JIANG JIAN CHENG 
Institute of Zoology, Academia Sinica 

19 Zhonggancun Lu, Haidian 
Beijing 100080, China 

Protein phosphorylation may play an important role in neuronal function, with involvement 
in regulating processes, such as neurotransmitter biosynthesis or release, generation of 
postsynaptic potential, and ion channel conductance [I]. Some neuroact;ve agents produce 
diverse responses in the nervous system by affecting the phosphorylation status of specific 
neuronal proteins, which may be implicated in the mechanism of neurotoxicity of neuro
toxic agents [2. 3}. Pyrethroids are well known neurotoxic insecticides, but their effect on 
protein phosphorylation in the nervous system is relatively unexplored. The present paper 
deals with the effect of deltamethrin on endogenous protein phosphorylation of mouse 
brain in vitro, which may be helpful in understanding the mechanism of deltamethrin action 
on the nervous syste~. 

The phosphorylation assay of brain proteins was carried out by incubation of brain 
preparations with (i'- 32P) ATP as phosphate donor to phosphorylate the protein receptor, 
two-dimensional electrophoresis to separate the phosphoproteins, and autoradiography to 
examine the phosphorylation pattern. 

RESULTS AND DISCUSS,ON 

Addition of deltamethrin to the mixture for rrain slice phosphorylation resulted in in
creased labelling of three proteins (name(J proteins 1, 2 and 3 respectively) and decreased 
labelling of three other proteins (named pr1..Heins 4, 5 and 6) (Fig. 1.). 

These six proteins were probably phosphorylated by cAMP-dependent proteir. ki
nase, since cAMP stimulated their labelling. 

Proteins 1-3 with molecular weight 55KD and isoelectric point at pH 7.0-7.5 seem to 
re "protein Ill b" which has been identified and proved to be heterogenous on isoelectric 
focusing [4] but the physiological function of "protein Ill b" remains unknown. 
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Figure I. The effecis of <leltamethrin on protein phosphorylation of mous..: brain fragments 
with fr - 32P) ATP. (a) Protein phosphorylation of 1nouse brain fragments with t· -32P) 
ATP. (b) Proteins I to 6 were phosphory!ated by cAMP protein i...;nase, depending on the 
cAMP stimulation of the Iahelling of these proteins. ( c) Addition of deltamethrin into the 
mixture for mouse brain fragment phosphorylo..tion resulted in increased labelling of three 

proteins (I, 2 and 3) and decreased labelling of three other proteins (4, 5 and 6). 

Fraciions C. 0 and S were prepared from mouse brain [5], the! dominant components 
of which are nerve endings and synaptic vesicles for C. nerve endings and synaptic 
membranes for D, and microscomes for S separately. In tests with these three fractions, 
stimulative effects of deltamethrin on the phosphorylation of proteins 1, 2 and 3 were 
detected which were similar to those with brain slices, hut the amount and labelling 
intensity of phosphorylated prott!ins in C and D was larger than in S, respectively (Fig. 2, 
3, 4 ), suggesting that C and D were likely the vital site~ for protein phosphorylation, and 
therefore important sites of deltamethrin effects. 

In the experiments with synaptic membrane from mouse brain, phosphoproteins 1-3 
can he visualized that seem to he "protein lllh" which were stimulated hy cAMl'. Protein 
4-o were hardly lktccted. A 48 KD protein (named protein 7), however, appeared to he 
intensively lahelled, with isoelectric point of approximately 4.5 pH unit. Moreover, cAMP 
had no effect on the phosphorylation (Fig. 5). Based on its behaviour on two dimensic nal 
electrophoresis and cAMP-independent phosphorylation, it might he the brain specific 
"B-50 protein", which plays a role in rcgulc.ition of (poly)phosphoinositide metabolism l<>J. 
The important phenomenon we.is that the phosphorylation of this protein could he strongly 
increased hy the addition of deltc.imcthrin. 
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Figure 2. The effects of deltamethrin on protein phosphorylation of fraction C from 
mouse brain (a), (b) and (c). The phosphorylation pattern of proteins 1to5 was similar to 

that with mouse brain fragments (Fig. I). 
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Figure 3. The effects of deltamethrin on protein phosphorylation of fraction D from mou!le 
brain (a), (b) and (c). The phosphorylation pattern of proteins I to 5 was similar to that 

with frac1ion D (as Fig 2). 
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Figure 4. The effects of deltamethrin on protein phosphorylation of fraction S from mouse 
brain. (a) protein phosphorylation of fraction S with v - 32P) ATP as control. (b) 
stimulative effect of cAMP on the phosphorylation of protein 1, 2 and 3. (c) no effect of 

deltamethrin. 

'a 

b 

1 2 3 

• 1 7 -• 

c 

• 1 .,. -
Figure 5. The effects of deltamethrin on protein phosphorylation of synaptic membrane 
from mouse brain (a) protein phosphorylation of synaptic membrane as control (b) 
stimulative effort of cAMP on the phosphorylation of proteins I, 2 and 3, (c) phosphory-

lation of protein 7 was intensified by deltamethrin, independent of cAMP. 
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COl\CLUSIONS 

In a:i examination of the effect of deltamethrin on phosphorylatit>n of mouse hrain 
fragmen~s or synaptic membranes by in ''itro incubation with (; - 3.:!P) ATP, the results 
showed that addition of deltamethrin into the reaction mixture for pho:o.phmylation of 
proteins caused increased labdling of proteins (I, 2 and 3) and decreased labelling of 
proteins ( 4, 5 and 6 ). The proteins 1-3 with molecular weight around 55 KD and isoelectric 
point at pH 7.<l-7.5 seem to be "Protein Illb" which had been identified and pro\·ed to he 
heterogenous on isoelectric focusing. The phosphorylation pattern of fraction C D and S 
from mouse brain was similar to that of brain fragments, but the amount and labelling 
intensity of phosphorylated proteins appearing in C and D were greater than in S respec
tively. Thus, C and D were more likely to be vital sites for phosphorylation, and possible 
targets for deltamethrin action. 

A 48 KD protein (named Protein 7) with isoelectric point approximately 4.5 pH unit 
appeared to be intensely labelled in the experiment with synaptic membranes. Based on 
its behaviour on two uimensional electrophoresis it may be the brain specific"B-50 protein", 
involved in the regulation of (Poly) phosphoinositide metabolism. 
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INSECTICIDE RESISTANCE IN APHIS GOSSYPII AND THE POSSIBLE 
COUNTERMEASURES 

HAN ZHAO JUN, TAN FU JIE, WANG YIN CHANG AND YOU ZI PING 
Depanment of Plant Protection, Nanjing Agricultural University, 

Nanjing, China 

The cotton aphid (A phis go.~)'pii Glover) is one of the most imponant cotton pests in China. 
Owing to its shon life cycle and great capability in parthenogenetic reproduction, the 
populationwill increase enormously and break out in a very shon time when the environ
ment is suitable. Thus, it is an important target pest for control by chemicals. Because of 
long-term application of different kinds of insecticides and the special biological charac
teristics of this pest-insect, it became one of the most resistant species to various conven-
1ional insecticides used in North China. This species has been found to be resistant to 
eleven kinds of insecticides belonging to 3 different types ( organophosphates: demeton, 
parathion, dimethoate, omethoate and phosphamidon; carbamates: carbaryl and carbofu
ran; pyrethroids: deltamethrin, fenvalerate, lambda-cyhalothrin, and cypermethrin). 
This has been reponed in various areas and at different times. 

Studies have been carried out with laboratory and field strains to search for counter
measures 10 the development of insecticide resisiance in 1his species. The results obtained 
in recent years are summarized as follows: 1) The cotton aphid exhibits differing abili1y 
to develop resistance to various insecticides. Resistance to pyrethroids is developed rapidly 
bec<iuse of high frequency of the resistance gene in lh( natural population of conon aphids 
( 10·-); 2) In~.ecticides with long persistency can speed up resistance aevelopment, owing 
to their continuous selection pressure on the immigrant aphids during the period for which 
the insecticide residues are effective; 3) Destruction of natural enemies by use of insec
ticides may be 1he main reason for <iphid resurgence, leading to increase of the application 
frequency and the concemration of insecticide in spraying liquids, thereby speeding up 
resis1ance development. 4) Rotational use of different insecticides at rational intervals is 
likely to be an effective method to restric1 resistance development. Continuous use of one 
kind or l)ne type of insecticide mixture may result in resistance. 

Based on the data available at presenl, suggestions for inse(ticide resistance control 
are proposed. Firstly, for resistance management, it is necessary IO exploil more insec-
1icides wi1h the following properties : without cross resistance; with low resistance gene 
frequency in the natural populalion of pests; low toxicity to natural enemies; short persist -
ence period; efficient in controlling pests; ability to induce only low resisl'''lce and lo give 
full control including resistant individuals. Secondly, cross-resistance should be studied in 

f 
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detail and clarified for those insecticides in use. Thirdly. manufacture. supply and rota
tional use of insecticides not showing cross-resistance should be controlled by government. 
Lastly. natural enemies should be protected as far as possible by use of suitable insecticides 
so that they may eliminate pest resurgence. and hence allowing the frequency of insecticide 
application to be reduced. 
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USE OF TIIE SPORE GERMINATION METIIOD TO SELECT 
FUNGICIDES WITH POTENTIAL AGAINST CERCOSPORELLA BRASSICAE 

WEI SHIH CHU AN. U DA WEI AND ZHONG YIN 
Laboratory of Plant Virus Disease. Department of Plant Protection. 

Shenyang Agricultural University. Shenyang! 1061. China 

In recent yearsC1inese cabbage (Brussica pekinensis) grown in Nonheast China has been 
seriously affected by the fungal pathogen Cercosporel/a brassicae Hoehnel. It is now 
considered to be the second most imponant disease of this crop after turnip mosaic virus. 
No resistant varieties to this pathogen have been found. Although 18 varieties have been 
evaluated they all showed different degrees of susceptibility with disease indices varying 
from 10 to 51. Four fungicides were examined using a spore germination technique to 
determine their potential for controlling the disease. Fresh spores were suspended in a 
0.125% solution of the formulated product and incubated for 72 hours at 25 °C. Effective
ness of each treatment was determined by comparison to an untreated control. 

Fungicide 

Fenaminosulf + 
tricyclazole 

Carbendazim 

Mancozeb 

Chlorothalonil 

Formulation % Inhibition 

37.5/37.5% WP 95 

50%WP 94 

70%WP 90 

75%WP 78 

These data suggest that all these fungicides could be useful for the control of C. brassicae 
in the field. 
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PYln."'lllROID INSECTICIDES AND MONOCROTOPHOS AND THEIR RE
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UUYUNXI 
Qingdao Ornamental Honicultural Research Institute 

Qingdao Shangdon Province, China 
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Resistance to pyrethroid insecticides and monocrotophos has developed rapidly in the 
cotton aphid (Aphis go.nypii Glover) and the cmtGii bollwonn ( Heliothis armigera ). Mono
crotophos has been used extemively from 1982 for control of cotton aphid and this has led 
to the developmem of aphids with 781 fold resistance over susceptible populations. 
Pyrethroids have been used since I 984 and so frequent was their application that by 1989 
aphids with 10,300 fold resistance were present. This meant that neither insecticide gave 
effective insect control even at rates double those that are recommended. Methomyl on 
the other hand has been used successfully for 5 years and still gives effective'! control of 
cotton aphids at its recommended application rate. 

A similar situation has occured with control of cotton bollworm. Application rates 
of monocrotophos have doubled from 1984 but the level of insect control has fallen with 
10 fold resistance being noted. The situation for pyrethroids against cotton bollworm is 
even worse as the frequent and high use rate against cotton aphid has led to high levels of 
resistance rendering these compounds vinually ineffective. In 1985 recommended use 
rates of pyrethroids gave complete control of this insect but by 1988 this had reduced to 
65%. Once again methomyl has been shown to maintain its level of control over a 5 year 
period with no loss of effectiveness. 

Earlier work in this laboratory has suggested that there is negatively correlated cross 
resistance between mcthomyl and both pyrethroids and monocrotophos against aphids. 
These data suggest that a similar relationship exists between methomyl and these com
pounds thereby providing a tool to combat the development of resistance of two major 
pests in cotton and to allow cost-effective insect control in the most importam insecticide 
market in Cf"iina. 
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STUDY ON WATER-BASE ULV SPRAY TECHNIQUE 

LI FA."l 
Plant Protection Institute, Chinese Academy of 

Agricultural Sciences 

The formulations, which were compo~d of water soluble evaporation inhibitors (molasses. 
paper industrial black liquor and sodium carboxymethyl cellulose), technical materials or 
formulations of pesticides for spray application, and water. have been developed for 
water-based ultra-low-voltime spraying. They c-ctn be used in UL V spraying by airpiane or 
by ground sprayer due to the inhibition of water evaporation of drops in the course of 
falling to the target and retention of adequate diameter by drops until they reach the 
ground. 

Between 1980 and 1990, 14 pesticides (methamidophos, acephate, phosphamidon, 
rrichlorfon, dichlorvos, phenthoate, malathion, dimethoate. phoxim, fenitrorhion, isofen
phos-methyl, lindane, shachong-shuang and sulphur) in three formulations (solution, 
suspension and emulsion) were tested in total area of 93.333 hectares to control 11 targets: 
pine ca:erpillar (Dendroliumus spp.), rice leaf-tier (Pamara gullata). rice case worm 
(Cnapha/ocrocis medinalis), aphids (Aphis spp.), cabbage butterfly (Pieris rapae), locusts 
(Locusta spp.) on pasture, mosquitoes, tlies. midges, buffalo gnats, and powder mildew 
( Oidium hei,·eae) of rubber trees. This technique can also be used in dry areas of Xinjiang 
with a relative humidity of 20-40%. As a new method of pesticide application in China, 
this technique possesses originality, advantage and practicability which has led the UL\' 
spray technique to be adopted and welcomed widely. 
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FURTHER STUDIES ON THE INSECTICIDAL Pl.ANT CHINESE BITTERSWEET, 
CEL4STRUSANGUL4TUS 

WU WEN JUN 
Department of Plant Protection, Northwestern Agricultural University 

712100 Shaanxi. China 

The Chinese bittersweet. Celas1rus w1gula1us Max .• which is widely distributed in China. is 
a potential botanical insecticide. The root bark contains much more bioactive material 
compared with the other part-; of the plant and is suited to formulations of dustable powder 
or emulsifiahle concentrate for insect pest control. The results of field plot experiments 
showed that the damage of Pieris rap"e, Pamara guttata, Athalia Jlticcu, Semiothisa cinere
aria and Aulucuphora femoralis etc. could be controlled effectively by application of the 
preparations. The extracts from the plant possess at least 4 types of action, i.e. antifeeding 
action, insecticidal action. narcotic action and fur.gicidal action. An ethyl ethe.- extract of 
the root hark was found to be rather stable to sunlight, heat and alkaline condition as 
compared with many other natural products. A novel insect antifeedant, celangulin. has 
been isolat~d from the root hark. Celangulin is a sesquiterpenoid compound. Its structure 
wao; determined by NMR and mass spectrometry. Three compounds that have strong 
narcotic action against arm)worm (Spodoptera frugiperdu) have been isolated under the 
guidance of the bioassay, but the determination of the structures has not been finished. 
The symptoms of the narcotic action are similar to the symptoms caused by an analogue of 
the insc:.cticide nerdstoxin (NTX). The fraction possessing narcotic action act~ on the nerve 
- muscle junction suppressing the excitatory junction potential (FJP), while NTX and il~ 
analogues act on the nerve synapses, suppressing the excitatory postsynaptic potent~al 
(EPSP). The Chinese bittersweet preparations have been found safe for mammals and 
other nomarget organisms and the environment. effective for controliing insect pests and 
available in large quantity. These characteristic; meet the requirements of the criteria that 
plant species for pest control and U!"le in rural development should possess. 



PRELIMINARY STUDIES ON 111E PROPERTIES OF A VIRUS INACTIVATING 
SUBSTANCE FROM SPINACH LE.AVES 

WEI SHIH CHUAN AND WU YUAN HUA 
Laboratory of Plant Virus Disease. Depanment of Plant protection, Shenyang 

Agricultural University. Shenyang 110161. China 

Sap from spinach leaves was treated with 50C/c ammonium sulphate and the precipitate 
resuspended in 0.01 M neutral phosphate buffer. This was then filtered through a Sephadex 
G-100 column and the active fractions were combined. Funher purification was achieved 
by pouring the combined fractions through DEAE-cellulose anJ CM-cellulose ion ex
change columns. The purified inhibitor gave a positive reaction with both biuret and 
Cooma~ie brilliant blue. 

111e ullraviolet absorbance spectrum showed a typical protein curve with a maximum 
absorbance value at 280nm. The molecular weight ·was about 42,000 D. If stored at 4°C 
for mo days the leaf extract lost its inhibitory activity. 

In whole plant studies it was shown that the inhibitor prevented TMV infection on 
Nicotiana glutinosa but had little effect on Chenopodium amaranticolor. If the purified leaf 
extract was sprayed onto robacco leaves and then rin.~d with tap water prior to inoculation 
with 1 MV good protection from viral infection was still achieved. Indeed the protective 
effect of rhe extract exerted it~ effect for a long per!od after application. 

The observation~ suggest that the proteinaceous inhibitor is either binding to the leaf 
or cell surface or it is inducing an antiviral response in the host plant cell. Funher studies 
are in progress. 



407 

FENVALERATE, MALATHION AND THEIR MIXTURE AS AN APPROACH TO DIE 
DEVELOPMENT OF RESISTANCE IN 

CABBAGE APHID (UPAPHIS CRYSIMI (KALTENBASCH)) 

WEI CHEN, REI CHANG HUEI, FAN XL\N UNG 
WANG WEN LAI, SHENG XIAO PING AND 

CHAO YUNG CHIAO 
Institute or Plant Protection of Chinese Academy of Agri::ultural Sciences, 

Beijing. China 

During 1986 - 1987 !he susceptibility of the cabbage aphid ( Lipaphis crysinu) to fenvalerate 
was tested in the area of Beijing. This indicated that the aphid population from Hai Dien 
district had 11.8 - 388.52 fold resistance as compared with that from two remote districts, 
Hui Rou and Yen Chin. for this reason, cabbage aphicl." were used as one testing insect to 
study the development of resistance to f envalerate, malathion and their mixtures. 

1. Cabbage aphid (Lipaphis cry.;imi) was collected from a village in Hai-Dien district, 
Beijing and then reared on turnip leaves in the greenhouse for t.Wo weeks. They were then 
treated topically with fenvalerate (Fe), malathion (Ma) or a mixture (FM) to determine an 
IDSO value. Subsequently the aphids were reared as 4 separate strains (Fe, Ma, FM and 
the check), in 4 insectaries. Each strain was treated every 20 days with either fenvalerate, 
malathion, the mixture or untreated control. A rate giving 80% control was used. 

After the 13th treatment considerable changes in susceptibility had resulted. The 
concentration of f envalerate applied ro'.ie from 50ppm to 800ppm, whilst the aphid mor
tality fell from 86.2% to 58.3%. Resistance rose to 163.2 fold over the initial level but if 
compared with Hui Rou rdative susceptible straiQ, the resistance r cached 938.9 fold. The 
concentration for malathion treatment rose from 50ppm to 125ppm. The mortality rate 
dropped from 76.2% to 74.3%. Resistance was 15.5 fold. The concentration of the 
fenvalerate/malathion mixture was still 50ppm, while the aphid mortality rate was always 
above 85%. The FM strain showed 4.1 fold resistance to the mixture. 

This result indicated that as compared with the two single compounds, fenval
erate/malathion mixtures would definitely delay the development of resistc.nce in cabbage 
aphid (Lipaphis crysimi). 

2. Enzyme in vitro activity evaluation showed the carboxyl-esterase activity value in 
Fe strain was 568 11M·naphthol/mg protein/15 minutes which was 2.7 fold that of FM 
population (211 µM·naphthoVmg protein/15 minutes). When triphenyl pho4iphate (TPP) 
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was added. the susceptibility of Fl! strain was restored co us previous level. Tltis resull 
showed that the increa!!>e of carhoxylesterase activity \'l;as one of the major causes of the 
devdopmem of resistance co fenvalerate. 

It is abo indicated that the resistance to malathion was also positively related to the 
imensified activity of acetycholinesterase. However. the function of phusphatib<= and 
glutathion transferases is not dear and further investigation is needed. 

3. Mathematical statisti~ and computer anatog;c-.il \."Urve were adopted to forecast 
the life of FM EC. In terms of the analogical curv1! we inferred that resistance rose by 10 
fold and 100 fold when fenvalerate was sprayed 5 times and 11 times and malathion 12 times 

·and 24 times. but FM EC could be sprayed 28 and bO times. If insecticides were applied 
twice per year on average. fenvalerate could llC used for 2-5 years. malathion could be used 
for b-12 years. while FM EC could be used for l-l-31 I years. This indicated that compared 
with single fenvalerate. FM EC would prolong its life by b-7 fold. 



BEHAVIOUR OF DIMEHYPO IN SOILS 

XU RUI WEI, HU QIN HONG, JIN WEI AND LI DE PING 
Institute of Soil Science 

Academia Sinica, 
Nanjing, China 
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Dimehypo (2-(N,N-dimethylamino)-1, 3-(dithiosulfonate sodium) ?ropane] is a novel 
pesticide developed in China. There is little research work about physicochemical beha
viour and environmental effect of the pesticide. For its proper use and management we 
have investigated the degradation, adsorption and leaching of dimehypo and its primary 
degradation product, namely nereistoxin (4-(N,N-dimethylamino)-1, 2-dithiolane ]. 

I. The hydrolysis rate of dime hypo is less than 10% at 50°C in buffer solution of pH 
3, 7 and 9. Under strong alkaline condition, dimehypo can be easily changed to nereistoxin. 
The degradation of dimehypo i'l red soil, black soil, yellow brown soil and meadow soil 
indicates that degradation rate slows down with the decrease of soil pH. Furthermore, the 
disappearance of dimehypo in soil is mainly by microorganism-related processes. Dime
hypo and nereistoxin are sensitive to sunlight, and the t 112 of photodecomposition is 3.75 
hours for dimehypo (average luminous intensity 80,CXXl Lx) and 21 minutes for nereistoxin 
(average luminous intensity 54,000 Lx). 

2. Adsorption of dimehypo by soils is negligible, whereas nereistoxin can be sorbed 
in soils to a large extent. On the basis of the molecular structures and the experimental 
results, we propose that metal-ion-bridged (especially Mn2 + ,4 +) mechanism be the 
dominant interaction mechanism for dimehypo, and soil organic matter be the main 
adsorption site for nereistoxin. 

3. Considering the characteristics of dimehypo (high water solubility, resistance to 
hydrolysis, little adsorption in soils, low degradation rate under normal soil pH vaiue) and 
weak microbial activity in subsoil, we should pay particular attention to leaching of 
dimehypo and threats of groundwater contamination. A field experiment in a suburb of 
Nanjing has proved the considerable potential of dimehypo and nereistoxin to leach down 
the soil profile in paddy fields. 
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TOPICS FOR GROUP DISCUSSIONS 

Each day during the Seminar work group discussions were held on the following topics: 

Can the developing world afford rational pesticide design and do they have the 
technology to manufacture complex molecules? 

Chairman, LG. Copping 
(United Kingdom) 

Rapporteur, A.K.M.F. Kabir 
(Bangladesh) 

What new or different pesticide targets are there in developing countries? Are they 
different from those in Europe, the United States and Japan? Can pesticide discovery 
be regional? 

Chairman, B. Sugavanam (UNiDO) Rapporteur, R.C. Saxena 
(Philippines) 

What special properties are needed for pesticides targeted for agriculture in develo
ping countries? (Mobility, persistence, spectrum, activity level, mode of action, etc). 

Chairman, K. Holly 
(United Kingdom) 

Rapporteur, B. Thomas 
(United Kingdom) 

Will population/economic factors lead to an increased dependence on crop protec
tion agents? Will there be a population shift from the fa1m to urban/industrial life 
styles? 

Chairman, KJ. Brent 
(United Kingdom) 

Rapporteur, G.A. Matthews 
(United Kingdom) 

What formulation types are preferred for developing countries? Should they be crop 
specific? 

Chairman, KJ. Brent 
(United Kingdom) 

Rapporteur, A.K.M.F. Kabir 
(Bangladesh) 

Will application techniques render crop protection more efficient? Do we have the 
correct formulations for new application equipment? 

Chairman, L.G. Copping 
(United Kingdom) 

Rapporteur, K.H. Kuck 
(Germany) 

Should we concentrate on improved cultural/agronomic practice rather than chemi
cal crop protection? 

Chairman, B. Sugavanam (UNIDO) Rapporteur, B. Thomas 
(United Kingdom) 
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What can we learn from experience with n:.ttural products? Is there really a "gold 
mine" waitin~ to be discovered? 

Chairman, K. Holly 
(United Kingdom) 

Rapporteur, D. Mangold 
(Germai1y) 

What strategies should be adopted to avoid the onset of insect resistance? What 
species and crops are particularly at risk? 

Chairman, K. Holly 
(United Kingdom) 

Rapporteur, S.P. Dhua 
(India) 

Wh"t approaches should be taken to prevent the development of disease resistance'! 
Where is there likely to be a major problem? 

Chairman, L.G. Copping 
(United Kingdom) 

Rapporteur, B. Thomas 
(United Kingdom) 

Is the possibility of herbicide resistant weeds a cause for concern'? If so, how can it 
be avoided? 

Chairman, KJ. Brent 
(United Kingdom) 

Rapporteur, C.E. Price 
(United Kingdom) 

How can UNDP/UNIDO improve the efficiency of its aid/education programmes? 

Chairman, B. Sugavanam (UNIDO) Rapporteur, N.W. Forrester 
(Australia) 

All groups - What single tal-.e-home message is there for developing countries from 
this meeting? 

Chairman, B. Sugavanam (UNIDO). 

RECOMMENDATIONS 

Based on the recommendations of the various discussion groups the meeting concluded 
that such international seminars on pesticides covering high level technology are rarely 
organized in developing countries. and that organizations like UNIDO should assist in 
conducting such seminars on~e in 3 or 4 years in an advanced developing country. 

The following recommendations were made by the Worki "r.roups and adopted 
by participants of the Seminar. 

Recommendation I 

i) Having discussed the capability available in some developing countries to design 
compounds from basics, and considering the fact that no major pesticides have been 
developed in developing countries, the group recommended that: 
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developing countries with capabilities should adopt a hroa<l-hased approach to 
discovering new pesticides founded on natural products, synthesizing novel 
compcunds and collaborating with major ~'Ompanies for development. 

ii) Having realized the manufacturing potential of many developing countries, the group 
recommended that: 

collaboration should take place with major manufacturing countries to ensure 
cost-effective and safe production and, above all, collaboration should he 
fostered among developing countries as a way forward, particularly with respect 
to the manufa~ture of pesticides. 

Recommendation 2 

Having considered in detail various bacterial diseases, virus diseases, insecticide-resistance 
strains, pest with resurgent potential, and nematodes and having seen similarity in some of 
the requirements between developed and developing countries, the group recommended 
that: 

ways and means be developed to find pesticides based on natural products, good 
aphicides, oviposition inhibitors, nematicides and soil fungicides. 

Recommendation 3 

i) Having considered the crucial need for the safety and cost-effectiveness of pesticide 
targeted for developing countries, the group strongly recommended that assistance 
be given to developing countries: 

for end-user education 

to help local industry to supply easy-to-use formulations of low toxicity, and 
provide suitable protective clothing to workers in industry and in the field. 

ii) Having discussed the lack of availability of pestil'.ides in many developing countries, 
the group recommend that assistance should be given to those countries: 

to concentrate on the manufacture of formulations that are safer and cost 
effective and on the production of carefully selected commodity active ingre
dients 

to help in getting licensing agreements to manufacture new active ingredients 
(Patented products). 

Recommendation 4 

Having considered the fact that there will be a general increase in pesticide production/use 
to support the increasing population and also that substandard pesticides are being used in 
the region, the group strongly recommended assistance to: 
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local im.lustry to impro\'e their quality ~tanJards 

go\'ernment to implement quality control of agrochemicals. 

Recommendation 5 

Having discu'.'!>~ed in detail problems faced hy industry in developing countries io produce 
newer/safer pesticide formulations. and the commonly pro<luced emulsifiable concentrates 
(EC). wettable powders (WP). and dust formulations which are safe, the group strongly 
recommended assistance to: 

local industry co promote production of safe, reasonably priced, high quality 
formulations in developing countries. 

Recommendation 6 

i) Having discussed issues such as seed treatment and granular application and taking 
into consideration various advantage~ (including environmental) of relevant formu
lations, the group recommended assistance to: 

local industry to make these ~afer during production and handling and includ.ing 
establishing centralized seed treatment facilities. 

ii) Taking into account definite advantages of UL V application the group recommended 

that: 

care be taken on drift problems 

industry make available more formulation types and provide effective 
machinery 

operators he educated and that local special teams be created for spray appli
cation 

use of safer spray type formulations adaptable to existing conventional applica
tion techniques/equipment. 

Recommendation 7 

i) Having discussed the framework of integrated pest management (IPM), and having 
defined various agronomic/cultural practices, the group recommended that the fol
lowing should be advocated in such a system: 

use of pest/Jisease resistance crops 

correct timing of pesticide application(s) 

crop rotation, intercropping 

water management 
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effective formulations for seed treatment 

correct choice of safe and effective pesticides 

use of appropriate applic-Jtion techniques. 

ii) Having considered the inter-disciplinary nature of such a task and taking into con
sideration the necessity of close interaction between industry and government. the 
group strongly recommended subsidies or assistance to industries to produce and 
supply effective application equipment instead of subsidizing the impon of pesticides 
and to provide training to extension workers/farmers/operators. 

Recommendation 8 

Having discussed biopesticides and natural products from plants and microbial sources and 
taking into consideration the perceived limitations, and having observed that this field 
offers scope to generate leads, the group recommended: 

that more co-ordination is needed among different organizations, especially 
UNIDO/F AO, for modifications and commercialization of pesticides of natural 
origin. 

Recommendation 9 

i) Resistance of Funi:icjdes 

Having discussed the use of fungicides in developing countries and the recent 
exhaustive work on resistance management, the group strongly recommended: 

use of mixtures 

use of disease-resistance crop varieties 

judicious use of fungicides. 

ii) Resistance to Herbicides 

Noting that herbicide resistance is limited in developing countries, but to be on the 
cautious side and prevent large-scale occurrence of resistance, the group recom
mended to: 

avoid repetitive use of single herbicides and make herbicides with different 
modes of action available to farmers. 

maintain a close watch on the performance of herbicides. 

iii) Resistance to Insecticides 

Having deep concern about large scale occurrence of resistance by insects in China 
and the region, the group stressed the importance of: 
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understanding the biology of the insect or other pests 

developing integrated strategies appropriate to different geographical situ
ations and agricultural systems 

educ-Jting advisers/farmers on the use of early warning systems. 

iv) Having recognized the need for Integrated Resistance Management (IRM) with a 
sound communication network exchanging iatformation between industrialized and 
non-industrialized countries and information filtering through to producers and 
users, the group recommended close collaboration between UNIDO and F AO to 
assist developing countries in dissemination of information. 

Recommendation 10 

Having discussed the expertise available within organizations such as UNIDO, the group 
reommended: 

close Haison be kept with other organizations such as the F AO and the WHO 
to implement recommendations, especially on IPM 

training of workers both in industry and in the field 

follow-up of projects after end of assistance 

provision of stimulation to industry to modernize plants. thereby promoting not 
just the cheapest but clean and well understood technoloizy 

massive investment in upgrading establisbed pesticide plants. 

CONCLUSIONS 

It was concluded that the International Seminar held in a developing country had given an 
opportunity to participants from industries and Government institutions to discuss at 
national and international level topics of great relevance to developing countries, especially 
those problems that could be solved by close co-operation between developed and develo
ping countries. 

The Seminar put great emphasis on formulation, environmental safety and management 
of resistance to pesticides. These were the areas in which the meeting clearly recognized 
the role of international organizations to assist developing countries for a sound and safe 
development of the pesticide industry. 


