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The syntictic posticiles industry as we now understond it is a

young industry doting from the end of the Seconl 'roeld lnp, since
when it Lan grown Irom onc werti abeut £20C m. at the user level in
1950 to somewhat over £1500 re in 1972, These figures cxcludo tho
sociulict covatrics whiol, tegether, wore ostimatod to hove sold
some 13% of thc world sascs in 1970. If thot percentage held for
1972, und thure is ne reason to suprose that it had altercd
appreciably, the posticides industry is currcntly werth Jbout

£1750 m¢ Thesc figurcs arce fur sales of fermuloted products at tho
uscr level and in some ingtances may include sales from one country
a8 experts and sales of the somc material aftor importaion into
unother. Nevertheliss, tlcy erc eomsidered to ho reasonably ncar

approximations of tho size ¢f the industry.

The di.ficulty oncounterce in cémpiling statistics of this kind
is siowa in an article in Fum Chemicals (1) { Jan 1972 135, No 1,
18 | doaling with the United Statos ket in pusticides vwhore 4t
stated: "Over the ycars the basic y wdstick fur measuring tho US
markct hws been the US Tariff Coumission's Ropert ' U.S, Production
and Sale of Technicul Synthotic Orgenic Chomicals'. | This rcport
covers sales of technical material ot the manufocturcr's level,
But quections arc now boing raiscd about tho accuracy of these
figurcs under today's practice of warketing finished fermulations
of proprictary products, For cxample, very fow horbicides arc sold
in technical form. PFurthermorc, whilc basic manufacturors do sell
somo of their goods to disributors at 'Manufacturcr's prices’,
they also scll direct 1 doulors and consumrs at highor price
levels, Thereforc tho Turifﬁ Commission's figurcs probably do
include formuletions and am not sololy sales of tochnical mutorials.®




Similar conditions obtain for muny sets of returns fror. Dep-
artments of Trade and Industry, Commercs and Custons und Excise, 1n
that not oniy are tecimnicul mateviils and t) eir formulatione
grouped together but occasionally are ulso grouped uith vet other
kinds of produzts. Ior exuiwple, the British Department ol Trade and
Industry makes « return of 'Festicides and allied Products'. This
is the situation in countries where stutistical dat_a, are relatively
reliable, in rany developing countries without the resources to
maintalin records, the position is more difficult.

However, if the data which are available are combined with
information from industry and private consultants and from specific
surveys undertaken occasionally by government departments, a pic-
ture emerges which is probabiy a good approximation to the wctual
position at aiy one time. lepeated over the years such
combinations enable a trend in production and demuni over tLe years
to be tpaced.

Whereas, ten to fiftsen years ago it was relatively easy %0
forecast trends, it is more difficult to do so today becai.se of
changing and stiffening legislation and regulations about the pro--
duction, sale and use of pesticidcs now occurring in many countries,
being superimposed upon the trends dictated by changes in the
patterns of agriculture. Thiws, luowever, is not the pluce to
discuse the rights and wrongs of this legislation, which in the
view of many of us has gone much further than is neceseary in
some developed countries, but to try to see what efiect it may
have on pesticide use patterns world-wide.




Let us examine the trends as far us we can. The Tollowing
diagrams illustrute thie breckdowm o: use by ircas and by kiands of
pesticide.  1u 1950, the Lorti american Contirent (und meinly the
USA) accounted for about hali of the werld's use of pesticides and
at th-t time insecticides uccounted for 2/3 of the value of
pesticides sold, [ungicides and herbicides togetser accounting for
the remaining 1/3.

By 1968, the end-user value of pesticides had increased six-
fold and the rest of the world (excluding the socialist countries)
had overtaken the North American Continent and accounted for about
£605 million against the £545 m. of the N.A.C. By this time,
world-wide, the use of fungicides and herbicides had increased

faster than the wse of insecticides, wiich at that time accounted
for about half of the valua.

Fige 1o End-user Value of Pesticides 195C
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Durine tuis period the developed countries. vierc using
insecticides both Jor .rricultuire and sone ublic hieclth pvrposes
but in tihe developing coumries, . miculirly iv tho earlicr part of
1. period, the muiin use of insesticides ves in public fualth pro
graiuncs and thesc - ere auinly sularic contrel. b ripltly in the
early; post second ' orld lur period werc concentrutin: on gettin,,
cultivation tecimicues rignt before udvecating pesticide aprlications.
4 very good example of this vas piven by my own tean vorking at
Ilonga, in Tunzania in the widdle 19Su's, on the coutrol of cotton
rests. Uith jroporly cron and lertilised cctton; large increases
in yield resulted fron jyesticide applications which wsounted in
value to about eight times tie cost of the pesticide treatuent.
On the African sl.amba~-grovn cotton, grown in tue triditional vay,
the inecrease in yield frou pesticide treatmunt . ualed to pay for
the treatment.

Let us oxamine another recorded estimcte of world sales of
pesticidos for 1970 prepared by vhenmische Industrie International.
The;' are iidustry estimutes of sales of formulated products by
manufacturers.




Fige 3. lorld Sales of Festicides 157C
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reference to the first two emtriee shows that use in the USA is
about 22} times that in Canads and so is the lion's share of the H.

American Continent market,




Another estimutc for thc same yeoar, published in larm crops
(ibid.) mives the vilue o1 the US market at the user level ot ..
little over 1,500 m.

It is iuteresting to study Jfurther thc breakdewn in particular
countries und regions of pcsticidos into insecticides, herbicides,
ete. It is only possible to do thic in o fow instances, Taking
the year 1560 tiat we considered carlicr, the pattern in the U.S.
itself was rather dafforent from t'.c global pictur: and in itself
indicative of a trend ihich uscrs clsewhere arc starting to follow,

Eige 4. Breakdown of Festicides according to
End-user Value USA 196
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The intoresting featwre of this diagraw is the lurge incroase
in the use of herbicides which began in the carly 1960's., Between
1964 and 1966 in the U.S.A. herbicidc use oR farms increased by
37% whereas the ovorall use of pesticides increased by only 107
The most importunt herbicides wore 2.4-D and atrazine with 35,5
and 20, respeotively of thc total herbicide warket in 1966. Two
years earlier 2.4-D avcounted for 419 of the herbicide merket and
atrafine 135




A trend of increased horbicide use also suowed itsel{ in
Britein ond probably many othier developed countries in which men
were leaving th  land {for ore luc-utive worl in fuctories.
During the 1960's the trend in the UK (2) ' Pouticides wnd Allied
Products ilcturns o1 the bDept, ef Trad. and Industry . is shown in
Fig. 5.

Fige J. Comparison of iiernfucturers'! Salos of
Easticides in the UK in 1967 and 1969
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Unfortunately, « furtner bresldown into percentarcs o1 actual

active ingredients is not dV&il&blc; nevertiicle s compounds such

as paraquat, simazine and ehlorthisnid are incrsacin. in uge vhile
the well-iried 2,4-D and MCPA, although decreasing as a porcentage
of the total (increasing) rarlict, <o still used to a i ,rze oxtont
on cereals and pastures - especially in mixturcs vith other Lopb-

icidos,

At the Dritish Insecticide and Fungicide Confereonce 1971,
JoF. Newman (3) reviewcd the changing pattorns of pesticide use in
Europe as seen by industry, !¢ summarised the situvation in o para=
graph which stated:

"The pottern of pesticidc usege in Durope 4iffcrs from that
of other parts of the world, altiioush is broadly similar tc
that of North Amcrica, as showm in the table, In the
devoloped areas of Western Buropc and North America manual
labour is becoming increasingly scurce and expensive and
the pesticide market is dominated by herbicides. In the
underdevcloped tropical countrics with pleatiful cheap
labour herbicides ure less used but the demauds for the
control of insect~borne discacz, to ther with . high
incidonce of agricultural inecct pests, rosult in
insectiocides taking top place."
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Fig. 6.  Horld Usc_of Pesticides by Greu;s
_of Productc ~ uOUI‘CO.kJ.I . hcwu.n (lco.v st,)

Cowntry . tot.) use in cach area
uwerbicides | Insecticides | lungicides
N. America 61 ' 25 7
lse Burope 49 | 25 23
Far Last 25 45 21
. Africa b3 42 28
S. America | 30 53 16
? Australia and W.2. 5 38 16
- C. America and Caribbean 33 51 15
| S —

The outstanding insecticide cver the whole of the synthetic
pesticides cra has been and still is the "founder member", DDF. It
is the insecticide of choice in walaria control programacs, and of
the farming cotmunity for thosu pests for the conirol of which i% is
suttable. It is chean, safe and casy to handl_ und use and L. a
human ieulth record second to no othor synthetic orssnic chemical,
The persistence, ubich makes it sc valuable in publi- health pro=-
grommer - indeed makes thosu nrogrammes possible, is tie property
which has chused somc apprehension in cohservation circles and
which has resulted in restricticus in use, and even completc bans in
somc developed countries,

Clearly legal action of this kind is bound 15 have an offect upon
future uees This will mean that pest control programmes in many
inevances will cost more and orten the replacement compounds will be
dargerous or very dangerous to handle.
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The other factors which will have ar coffcct on future usc are:

(1) the devclopment of resistance by a pest to the
pesticide being used against it,

(ii) the discovery of new compounds which will
enablc a given pest to be controllsd more
o&otivély or to be contry'oyllled adequately
but more cheaply.

Ia o survey reported by Farm Chemicals (loc. cit.) enquiries
were sent to ten major US and four major Buropean pesticide com-
panies. The report states that:

"The projections of the four major Europcan pesticide producers
who participated in this confidential survey were swrprisingly
close to those of the American companien." The figurcs at US
manufacturers' level for the domestic and export markets would
climb to $1299 m. in 1975 from £952 m. in 1971, At the user lovel
for 1971. the valuc is put at around £1,600 million rising to
$2,000 m. by 1975 "if gowernment regulations don't fru-ther restrict:
the use of pesticides and if increasing demands for more rescarch
data don't force still more slowdowns in the development of new

.products." In their projections for the world market at the end~ .

user level the European companies forecast 4,580 m. in 1975, some
$100 m. above the estimate of the Amocrican companies, This is a
growth rate of about 8} a year. Tabulating these we have:

Figs T, Yorecasts of US and World Markets

Value in $ m. U.S, T
Year US market World markcet
N Monufacturer's level | User levol User lcvel
1971 95¢ 1,600 3,000
*
1975 1,299 2,000 4,480 (4:580)

# Estimate by Europecan companice
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While there is uo breakdow: for the world market, the cstimates
for the diffurent classcs of pesticides for thic US market, pro-
jocted to 1573 is tab dated bolow:

Lige s  Breakdown of US ilarket (usor level)
Source - FParm Chemicals

S - s i M
Classificution Typc of compound Value al user level ¢ million
by use | ' i ;. g
- J *
herbicides ' Arsenical 8,2 | 56
Fhenoxy copds 46,2 | 40,0
' Phenyl urcus 7245 ! 101,13
| Carbamatos 103.0 | 136,0
' Triaeines 340,0 | 44143
| Bonsoic uoid dore 7240 ‘ 880
; Others 413.0 i 55680
: I + +
Insecticides | Arsenicals © 2245 | 13.5
- i Botanicals 12.5 : 18,0
| Carbamatos 82,0 | 155.0
- Organo chlorines 101,0 ; 5640 {
% Organo phosphorus cpds. 281,0 342,3
Pungicides ' ¢oppor compounds 15.8 16,3
! Mercury compounds 546 ’ 3.7
% Dithiocarbamates 3.0 § 4745
| Phthalimides 24,3 , 9.7
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The picture in othor developed cowntries will probably be very
similar to tiie pattorn for the USi, but it is unlikely thut develop-
ing countries will be nwping cuite eo wide 2 range of more recontly
developed compounds. Neveriheless, provided legislation in
developed countries does net cuvt off srnnlics of organochlorine
inscocticides {rom the developing onee, pesticide use in the lutter
should continue to incrcase at a stcady rate, The position could
bo serious if supplics of LY, aldrin, dieldrin, chlordan and heptachlor
wero out cff from thosc countries, In moet instanccs crop protection
would cost more and in mayy sitwations would bo less officient for,
partioularly in the control of soil inseots, therc are no satisfactory
substitutes, The following taule gives the price in $US/1b, of o
range of commonly used insccticides (4) 3

Fige 2. Cost por 1b, of commonly used inseoticides

——mm e e e ' }
mal product fﬁge
unformulated) | D
Aldrin 0.992
Dieldrin 1.665
i1 0.179
Heptachlor €.973
Malathion 0,900
Parathion 0.780
Parathion (methyl) 0,700
Lindane 14406
Chlordanc 0,602
Bndrin 2,469
Dichlorvos 3.750
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Reforence wac made ocarlior to the rescorch aund development
effort whicl li.s becu put intc the pesticides industry since its
inception followiny thoe discovery ¢f thc Liclogical properties of
the insccticide VDT on the one huid and ti:c 'hormonc' herbicidos
MCPA and 2,4~D on thc other. The cncrmouc rungc of products dis-
covered and doveloped in the leet 25 years lae becn such that it
has become necessary to coin internationally accaptcd coinion names
for these compounds,

This is donc by the Intoernational Standords Orgaiization
through one of its technical committces of which the secrctariat is
proviied by the British Standards Inctitution vhich itsell has boen
active in the peaticide nemencluturce field for more thau 20 yocars.

Common nomcs have veen glven to over 300 compounds,

Insectioides of vegotablo origin, (The botanical insecticidos)

Plants of differcut specinas synthesic. o nunber of compounds,

some of which are biologically active themseclves and some which are

used as intermodiates in tlie synthcsie of biologicul compounds.
Bxanmples of the latter arc diosge:.in in yams and hocogenin in sisul
which arc used for the synthesis ol the cortico-sicroid drugs.

Bxomples of tho former are alkaloids, fluoracetic acid, pyrcthrins and
rclated compounds, rotenonc, nicotine ond ryania which find application

in medicine or agriculturc., Some of the compounds have becr used
ag fish poisons.
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Sodium fluoracct.tc is o compound highly toxic to nany specico
including mammals and birds. It . lso acts systenically as n
insceticide but is never used Tor this purposce It is uscd ag o
wdcuticidc* in special circumstanccs in wiich otier specics can be

prevented from having acccess to it.

The most used prodict is pyrethrum extract, tic active
ingredients of which have a unique property of rapi. lnock-down of
insccts - particularly housc-flies wnd mosquitocs ~ as well us being
lethal if prescnt in sufficient amount. If insufficient ie used
the knock-down is reversible., They are, neverticless, hiphly toxic
to many inscet spocies,

) One of the difficulties associatod witl: insceticides of VGi-
ctable origin has been the difficulty of obtaining uniform products.,
The plant material from which they arc derived is obtained from
difforont parts of th .world and having been harvested at different
tines in the growing period and stored under different conditions

before it is proparcd and formulated for salc aud uso.

For this reason thesec ingecticidos, except the pyrethrins,
have been replaced genorally by synth..ic compounds,

Included in the above-menticied list are compounds which have
been synthcsised in an attempt to simulatc and, il posuvible,
improve upon the biological and physiczl properties of somc of the
naturally occurring botanical insccticidoes, The best known of the
synthotic compounds are allcthrin, tetramethrin and rosmethrin, As

o L it T

* It is synthetic sodium fluoraccotatc, not the plant oxtracy,
that is used for this purpese,
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their names ioply thcy arc pyrethroids: they ~re morc active than
tie naturslly occurring pyrcthrin: to some incceet specics, arc of
rcletively lov mumalian toxicity and more stablce chemically and
physically than the natural extract. They are also costly, as are
ihe netural extracts, and urce unlikely ever to bacome widely uced in
agriculturc, their main usc being oo compononts in acrosol formulatv -
ions for th: control of flying insccts in domestic and industrisl

(grain storc) promisca,

The mixtwre kihown as pyrethrum cxtract is obtzined mainly from
Fyrcthium cinerariscfolium, indigenous to Dalmatia and also
P, roscwn end P, carincum. Tlc aetive nctirial occurs in tho achenocs
of thc {lowers vhich are plucked, carcfully driod and then oxtracted.

The drying process has to be curcfully undertaken, avoiding
excesuive heating if done artificklly. If dried in the open air,
the flowcrs st be dried in thin laycrs, constuantly ugituted to
ensure uniform drying and avoiding fermentation whicl. occurs if the
layers ure too deeps The active ingredients arce rcactive moleculces
readily pronc to oxilation, Once dry, the flowers should be dored

in sacks, undor as cool, well-ventilated conditions us possiblo.

The active materials arc complex csters formed from threoo
aloohols (pyrcthrolonc, cincrolone and josrolonc) and two acids
(chrysanthemic and pyrethric). The main constitvents are tho csters
of pyrethrolonc vhich are known ac pyrethrins I and II, cach presont
to the oxtent of 33X’ Cincrins I and II are present in total to the
cxtont of about 25, It is on the conteut of thesc four estors
totalling a little over 907 of the mctiv natorial that most orops
and cxtracts have been hought and sold for muny years.




The general formula or thc csters is:

Re i oti,
% = C -
cily CHl ~ CH - CO 4 O CJf ~- 8 )
_CY Cll,, = Ci, o G = Cit = R
CH, O <e¢s ,
3 3 a
R "o
Fyrethrin I Cly~ ~CH = CH,
] ; . w (' 011
IT  Gli;0,C0- Cl- Cll,
Cinerin I 0153~ -GEB
" i Y
II 0&30 CO- -633
Jusmolin I G,H3 -01{2033
" 11 6330 CO- -6329213

Tho ohemistry of thc compounds is complox. Buch ester can
exiat in cis and trans gen motric isomcrs and bocauso there is an

asgymotric carbon atom in optically active isomers too.

Uscful

references for the scicntific aspects are (5) (6) (7) (8) wd (9).

The Bast African countrics Konya and Tanzania produse lurge
quantitios of dried pyrethru: flcwors and pyrothrwn oxtract. Theo
‘product is derived from (. cimeruriacfolium which has becn spocially
sclected to produco high yielding strains, With carc a hig:
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quality product can be produc.d bLut, as pointed out above, it is
sagy to losn < Ligh proportion of the uctive protuct il conditions
arc zllovad to favour oxidation o tlic active materiuls during the
drying and extraction proccsscs., lote. Sormc people are very
allergic to compounds present in pyrcthrui flowers ond in  the

spent cxtracted metorial.,  Scverc dermatitis can occurs

Other insecticides of vegetcble origin which have been uscd in

agriculturc and horticulturc in the past arcs

(i) nicotine from thc tobasco plant -~ genorally from
tobacco wasto:

(i) rotenone from Derris, Lonchocarpus and Tephrosia spps

(iii)  ryania irom

Tho last-named grows in the Caribbean arca and is fairly
specific fo the maize post, » This is a fluo--
tuating market and cxtromely small.

Nicotine is usod still to a limited cxtent for the control of
asphids and mites cithur as dusts or sprays. It is highly toxic to
man, 88 toxic as the more toxic organophosphorus coupounds byr which
it hac largely been replaccd.

Soveral specics of Derris, Lonchocarpus and Tephirosia contain
rotenone and roluted compounds present in differont amounts, For
this reason the standardization of derris preparations has been
difficult wihh the result thut tho final product has given vuriable
control porformance, 'Extraction procedurcs have been attomptod but
froquently the rosidues loft in the fincly-ground roots arc still
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inseoticidal. On wccount of this variability oad thic Tact that
doerris and lonchocarpus prepurations have no comparable property

to the "knock-down" of pyrothrins thoy have geierally beoonme
omitted from spray programmes in sgriculture and orticulture. How~
evor, in devcloping countricc whore onc or more of thuse spooios
grow roadily, it might be worthwhilc re--cxamining:

(1) the indigenous pest spoccies that can be comrolled
by rotenonc and relutcd products, and

(11) if there are, cxamining tho possibility of growing
the optimum specics (und making sclections from it)
and ostablishing o proccssing plant for producing
field strongth dusts or other formulations,

(141) Prop. r costing of the land usod and alternative
cash crops would nccd to be made.

The insoccticides prepared from derris and lonchocarpus roots
are relatively harmloes to mammals although oarc should bc taken
not to inhale dorris dust.

As far as the author is aware, no attompts havo been made to
synthesise pesticidos baced on thc rotenono molecule or any partic-
wlar part of it,

Pegtioidos morc compatible with the human environment and integruted
ogntrol syotoms

It is right that man should be conscious of tho neod to presorve
the quality of tho envirommont i: whioh ho lives and not to poliute
it in the way in which he has tended to in countrics which have




industriclised, Such pollution offends all the censcge Dut the
faster iun reproducces hinsclf, thce greater is the nced for food,

! clothin; and industriul dovilepment te provide thie recuirenents of
1 the rapidly oxpanding populiation. Lifluents from thie factorice
which pollutc the air, rivers and lond arcund thuie cun be made
clcaner, In most instanccs thc technology is lnowm. lian can,
tiherefore, have «lmest any degrec of frecdom from pollution that
he wants provided he ig prepured %o pay for it.

By their very method of usc wnd by somc definitions of
'pollution', posticides must 'pollute' cvery timc they are used but
whether or not thc ‘pollution' is important dcpends unon a number
of fuotors.s As fur ae pcsticides arc concernced, it is tho persistent,
organochlorine compounds vhich are being attaecked on the grounds of

Epollution; more roadily biodegradeble compounds are heing

demandcd by somc conscrvationisto.

Tiie pesticides industry, like the drug industry, is rescarch
intensive, I F. Hecgele (10) stated: "Ten yours ago, it was
normal to ostimate thet the rcscurch and development vork for a new
product cost betwcen onc and two million dollurs, The surrent fig-
ures for research and develonment prior to marketing fall somewhore
between cight and twclve million dollors. Thet means the cost of

developing a new product has risen a mininum of five fold." It is

now morc difficult thon hitlicrto to discover new bLidlogically uctive
matorials with novel propurtics. If iurther restrictions arc to be
imposed such as spccificity to limited peet specicu, ready bio-
logical degradebility, end vory low mammalian tordeity, the cost
will rise cvon higher, Clearly this kind of rescarch is only
practicablc in developcd countrios backed by u large pool of trained




scientists, laboratory equipnent manufucturers and .an active, virile
chomical industry, Gonerally, the search for nuw active matarials
is madc in large woll=-cquipped industrial rescarch laboratorics
although, oxcoptionally, they have beon discovered in university
and government laboratorios. The situation is not very difforont
from that described in papcrs road hy Szabé (19 and mysclr (12)

at the PAO/Industry Scminar on the Safo and Bffective Use of
Agricultural Pesticides in South auerica, Sao Paulo, Brazil, 1971,

In one respect, however, the situation has hardcned in that
the presoure against DDP, aldrin and dicldrin has incrcascd and
some Governmonts arc demanding so much that somo industrialists
have out back on their R and D progrimmes. Nacgele (loo, git.) in
his evidence stuted:

"I point out to you that Many companies have stopped all
R and D work on pesticides, Many other companics have cut back
drastically their research efforts on new nesticides and diverted
their funds to defensive research on oxisting products rather
than the search for new and vetter products,*

K.R. Fitzsimmons ( 13 ) wrote:

"It is obvious that these trends (increascd usage of pesticides)
place inoreased responsibility on thosc companics remaining in the
production of agricultural chemicals for a coutinuod supply of
acoeptable pesticidus for chemical control, Ou this basis thers
are six ways in which industry is preparcd to mout this continuing

nced.”" But industry, he pointed cut, would expoct some return from
the public agencies.




Included in the asix points were

e Syripatlictic coasideration of owr cconowic, public
relaticns and nolitical problems.

24 Prectical federul rerulations and gpeecial efforts
towards wnificaticn of statc usc, rogistration
and pormit laws,

3. Substantial federal ossistance ir financing and
cxpuditing the incrcasingly stringat toxicological
studien anticipatoed.

4 Bottor stotc and federal advisory scrvices to

uscro. "

PThus it is obvions that in tho USA the pressure of tho
Environmental Planning Agoncy is reaching the stage whon industry
{8 soriously considering whether investment in fields other than
pesticides might not result in improved returre.

in other countrics personal communications and statcments in
discussions at sciontific mectings, ceg. of the Socicty of Chemical
Industry Pesticides Group, suggest that :ndustry would not desire or
weloomc financial contributions frcm government for toxicological
research & conncxion with its Pocticides Rescarch and Davelopment

Programmes.,

Summorising, I belicve that thoe lurgest firms vill remain in
the postioidos R cnd D business but that it will not cxpand as it
hag in recent yoars. The chances arc that fewer new products will
omergc than in recent ycors and that their petent position will be
ticd up very carcfully indecd so thot the cxpenscs of developmont




can be recouped, resources made available for further R and D and &
fair profit returncd to thosg vho have put their ris kcapital into
tho businesa.

Chemical control rclative to othor Jorms (biological, cultural ctc,)
of control

In oonsidering alternative approaches to the usc of pesticides
for insect control, R.H, Wright of the Univereity of British Col-
wnbia (14) wroto:

"Future pest control mcasures mug* bo contrived so us to
irritate tho insects and make thom behave in a mamner contraxy to
thoir own besct interests. As a rule, host sclection, mating and
ogg deposition in insects arc regulated by signals cmanaiing from
the environment and bocauso they arc so vital to survival they
have beoome genctically fixed and clmost wholly automatio.

It is in these stercotyped behaviouy rogponscs that inscots
are most vulnerable. If we understand the signele that covoke the
various kinds of behaviour, vc can hope to misdirect the insect to
its dctriment and our gain and with the addcd assurance thet if the
inseot learns to disobey the false signil, whon the timo oumes, it
will disobey the genuine one, too."

Seme idess arising from thc above hypothosis, for example tho
use of ped lures and sox att ratants have been wor}'ed upon. The
ohemical conctitution of the sex attrectante of several spccies have
boen dotermined and in some instancos laboratory and ficld exporimonts




have been carried out, Ficld trials on gynsy moth control nave,

wnfortunately, met nith less succoess, gencrally, thun luberatory
work hod supggestcd might be cxocctiod. cther invectigations, for
oxamplc, on the colworm hcteaing ractor hive beea inter sting and
difficult but hve not, so far, yiuldod o pructical means of ecl~
worm control,

Lowever, otier Bologicul and biologicel/physical mothods have
been dovoloped with succcoe renging from marginally accoptuble to

outatondingly good,

In vhat might be called the 'not so new" approaches there arct

(1) Biglogical control by purasites and prodators which
are pgonorally spoeies spocifiic.

(2) Rcpellonts -~ gunorally uscd ageinst inscots biting
lalle

(3)  Attreotents,

Ts Biologicul control by perceites and prodators. As

well uc tho classical cxamples of biological control
(a) the conirel of the citrus sonle inscot (Icerya
purchasi) by the introduccd vedelia lady bird
(iodolia onrdinalis) and (b) ti: control of the
priclly pear (Opuntia incmais) by the moth
(Cagtoblastis cactorw:), Simmons (15, 15u) has givon
oxagplcs of otiier successful introductions. In recent
years attention hus been directod to the control of

poests in closcd cnvironnents, c.g. glasshouscs, whore




insceticide rosistont spider mite ana white flics huve becn

successfully controlled by th. wic of predat srg (16, 162).

All tco often, however, in other attonpts at control by
predators, the pest reuclioz o stage of (ITueting cerious cconomic
darge before tac parasite or predotor gaing contrel, Alvo, under
#ome climatic and other conditions favourablc to the peot, in cir-
cwastances whon nornulily offcetive control is obtuined, the peot
will reproduce faster than the rredator as, fur cxample, vhite
fly in thc UX on tomatovr in the summer of 1972,

2. Repellonts can be passed over as being uscful in certain .
gpocial circumsvanccs, c.g. for the prevention of being bitton by
midges in recreational arcas, purticularly fishing, whiere such
insects abound,

3. Attractants arc of two main groups:

(s) food lurcs or baits, and (b) sox attractunts

Baitc treatced with ctomach-poison insceticidos have been
very successful in controlling swirme of locusts ut the hopper
stage, DDI' and BEC rosisteut houocilics have been Clicotively
controlled by baits containing organophosphorus insccticides,
under conditions in which control could not have been scourcd by
contact action. Experimente have also becn undertaizen in which
a chomoserilant has been incorporated in thc bait in plucc of un
insecticidc. Onc such, rocently reported, (17) described sttompts
to control cabege root fly using TEP. in a sugar oyrup bait, An
economic control was not obtuined. Thore seoms t5 bo little point




in exchanging o pesticide tor an cow.lly or nore dapgerous

methylating wgent such as TuiA., ileverthoicss, iv o relatively safc
(to mammals and birds) c.fcctive inscet chcosterilom wore to bo
discovered « successful mcthiod of usc would be ncededs Pilot oxper-
iments with offcetive but wor. dangorens ceopounds are fully
justified to cstablish the conditicns undur which safce compound

could subsequently be used to achicve offective control,

Sux attractants were used first for thu asscsument of gvpsy
moth populations in Fennsylvania USA before and aftor spraying
operations. The oxeised glands of « [ow fomale moths wore pluced
in traps at intorvals throughout the target area before und after
treatment. The numb  of male flics cought gave an indicution of
the total moth population. Since then the chouical structwros of
the cox attractunts of soveral inscet specics hwve been clueidated
and somc ayntliosised in commercicl (uantitics, Jacobson and Jones
(18) found timath, according to their laboratory wethed of cvaluation,
a gynthctic compound, (+)-12 - acetxy-—cis-Y-cctedocon=1--cl, was in
fact morc attractive te males than the naturally occurring coupound
(+)10-acetaxy—cis 7-licxadocin-1-ol,

Sax attratants could theorctically be used to cradicate the
malo rthy of a population by attr.cting thow to their doath by
contact or vupour-phasc insccticide in trape. Sueh o tochrique
would be highly speeifics attractants could also be used in
another vay. It was obscrved in the laboratory tiut male gypsy
moths would attospt tuv copulute with inanimatc obicets troated
with the at tractent, It could appoar that diversion of the muting
instinct by the use of suitably impregnatcd objects might sccure
& pupulution dogroune ii carricd out cn a large scules In trials




carricd out in the US, lurcs of tiis kind ha ! virtually ne effcet on
normal m.ting behaviowr and achicved no reduction in moth populaticn
(19). Much more newds te be lne = ettt acting Mooovieu s and
the concentraticns o attract.nts requircd before such tochnicucs

will achicve cconomic control inm tiw 1iclic,

Bridgin; the older biclogical methods and the newer onee is
cnc based on the fact thet insccts us well w8 higher wmimalao arc
susccptible to attack by bucteria, Buacillus thurinmionsis is toxic
to Lepidopter. and unlike scveral othor wicro~orcanisrs attacking
incects can be culturcd under laboratory cenditions, 4 Ihough the
isolation of the bactoriun from infected dlkworm larvace dates buck
to 1901/2 (by Ichewata), the dovelupment and use of tic product as
« backrial inscoticide is of rocent timese Tuor this pocoon it has
beun grouped with the 'more reccnt' uethods which includo:

(1) ugo of bactcriol poisens

(2) release of sterilco males and the usc of chomo-
storilants

(3) interforence with belaviour control agents.

1. Bectorial poisons.  Proparations bused on De tiuringensis

have been available commercially in the USA for . {uw ycars,
but so far they huve not been used in large quantities even
though many important inscct resis cof crops bclong to the
order Lepidoptera. Apart from the diffioultics of handling
the product in the field its cost/cffoctiveness is not
adequatc. In order to producc an cffoctive pcsticide at the
right prico, very high Yielding strains of thc Bucillus are
required.




(2) The sterile male tochnigue

Cne of the most striking successcs in inscct control in
reccent ycars has been the control ~f the scrow worm,
Callitrog. heminverax, which is an cotoparssite of caitles In
the USh it is of great cconomic importunce ang ccst the
industry somc ycars ago Ifrom 25 to 100 rmillion annuslly. The
technique consists of rcleasing large nunbers of sterile male
flics which compete with the nutural meles within thc pop~-
wlation and graduully rcducc the population becausc fomeles
which have "mated” with sterilc malus lay only infortilc cggs.
The technique is interesting and valuable in that, the
gr.71ler the populution beecomes, the morc effcctive the control
sgonts beoome because the released sterile mulcs inercasingly
outnumber tac natural onas, lowever, the mcthod is not
universally appliocable; soveral crituria within the pcst
specius have to obtain:

(1) $he nuturel population must be rolatively small
(1) the females must only matc oncc

(iii)‘ the specics must be casily rearcd in captivity.

The factory which was built for tho screw worm control
programmc is capable of producing 100 million sterile malcs a
wook (20). The males ure sterilised in the pupal stage by
irradiation. Am arbitious progrummc in the southern states nf
the USA with a wide burricr zono along thc Mexico/US border
has been reportcd to bi running into probloms. Heverthelee s
tho carlior work in Curagao and Florida was oxtremely
successful,




Thu criterie which arc necessary de not wpply to many
specices but thore is the possibility of ceabining . purcly
chemical, initi.il tr-atment t~ roduce th murb-p- and thoen
fellowing with large umbers of st orilc males,  Considerabl,
highly spicialiscd work is invoived in detorminiag the irrad-
iution dosc whicl wiill sterilise tno malos but not intoerfore
with their competitivences in rel.otion to the normal males,
Tsctac flits have bocn considercd 2 a possible, suitablc
spceics for this technique, attuough it is vory difficult to
" rear them in captivity (27 22),

3¢ Intorference with bohaviour control “3ents

A

An intcresting cxampl. of this kind of approach ip the
work on the eclworm hatching factor reforred te carlier,
Uysts of the eclworm, Heterodera rosto.hiensis, arc stimulated ]
to hateh by cxudatce fromw th. roots of uelanaccous plants
Particulurly tomatocs and pot.toes of which the coluorm is o '
serious pest. It thc stimulzixting vxudate could be identificd
and then synthesiscd it might be possible to trick the cysts

into hatching whea no suitable iced nmaterial was available.,

The larvac would thcn dic «for altiicugh the oysts are viable

for scveral ycars thc hatohec larvac ncod food -rom a {avour-
able plant for survival., It uight be possible tu mgynthusiss

a eimilar but lcss cxpensive und possibly mor. stablc compound
which would achicve a sufficicntly adcquatc reduction in cole

worm population to cnable suscuptiblc crops to be grown whore
proviously would not huve bren possiblc, Severil workers have
been working on this difficult problem (23, 24, 25) but so far
without a succcsaful control mcthod being developed from it,
With more lnowlcdge of the nuturc of the active matcrial it
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may be pessible to usc othoer techntocuss than inducing huitching
of the cysts in the absunce ol 4 host plunt, 1t is conccivable
that cnother chemical could booused to roset with the fuctor
and ncutralize its offcets In this way the suscuptible host
crop could bo grewn witinoul the cyse hatching. Progr..ss in
this and rcluted ficlds calle for roscarch of =z high cuaiity
and is very appropriatc for first class, well=cquipped labore
atories in which thc combincd approach of chemiste amd bio-
legists is possiblc. Ther. is still a long way to go before
this and similar methods beceme practical contrcl proccdurcss
Onc othcr very important point wust bo remembercd Any con=
trol proccdur: deviloped, of whatcver nature, must bo ,
coonomically, as well as biclogically, viable or it will not
suocced, It would socem that wlthough somc of the now
approaches have interesting possibilitics, it would be

unwisc to assume thot they will wake chemical control obsolcte
in the forcsceable futurc, For this reason UHIDO should ocon~
tinuc to cncourage iocal fermuletion of pusticides in dcvelop~

ing countries,

Posticidc Manufucture and Formulat on

It has already becn pointud out that it is unlikcly that
developing countrics will use the range of posticidces available in
dcvelopod arcus, This mcans that they are depenident upon the oldor
compoundr, some of which arc buing forccd out of usc in icvelopod
arcas by lugislation on pollution. In Japan the manufacture of DDT
has beon prohibitid and in the USa it was thought a few months ago
that menufacture there might cease in 1973, Prossurc against othcr
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organochlorine compounds is continuing, purticularly in the Usa,
where hearings about the cyclodienc insceticides arc planndd for

e near future, Developing countrice would be soricusly at risk
if supplios of DDT, BHC, aldrin, di.ldrin anud chlordanc were to be
denicd thems For muny purposcs substitute insceticides are not
availablc. In circunstances wherc they .re available, they arc
gencrally morc expensive or morce dangerous to handle or both,
Whercas a ban on the manufacture of DDT in the USa could bc scrious
for devcloping countries for a short time, there arc scveral DDT
plants in developing arcas of which the capacity could be incrcased
in time to mcet the deficits On the other hand, if aldrin and
dicldrin werc to be cut off it would bc more scrious for the
devcloping countries as therc arc no manufacturing plants outsido
the USA and BEurope.

Othcr papers at this meeting consider in morc detail than is
poesiblc or necossary herc the questions of the manufzcturc of
aotivc ingrcdients and of their formulation into products that can
be used in agricultural or public ncalth programmcs. Refcercence
has already bocn made to papers proeporcd for the FKO/Inﬁustry
Sominar held in Sao Paulo in 1971 (11,12) on thc samc subject, In
thesc attontion was drawn to the limited range of active ingred-
ients that it would be practicablc to manufacturc in developing
countrics, whoreas on the other hand the possibilitice of formu-
lation werc considcrably wider. However, there are currcent tronds
in formulation, particularly of ncwer pesticidus, which call for
inoreased sophistication., Just as thore is pressurc in somc
developed countrics on som: groupe of pcstioides, there is also
pressure on cortain aromatic solvents, stabilisers and cmulsifying

agonts used in emulsifiable concontrates and water dispersiblc powders.
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A fuw specific cxamples will illustratc these trends, In the
first pl.ce¢ many of the nowir pesticides have much lower chiloring
contents than for organochlorine proup of compounds. They arc,
thercfore, more inflammable and when being ground as for cxample in
water dispersible powders, crcate a greater explosion hazard than
dn thc organochlorinc compounds , There is o need, thercfore, for
gpecial switchgiar and spurk-proof cquipment throughcut formul.tion
sheds, which, ulthough dcsirablc, was not csscntial hitherto.

The Environmental Planning Agenmoy in thu USA now lus a list of
approved formulation ingrcdicnis. 1t would bo much simpler if thore
was a 1ist of thosc which arc not approved. Nen-ionic emulsifiors
and their blends of chain length 14-30 carbon atoms arc not
includude Thuy wru allcged to causc heart muscle damug. in
cxperimental .nimals. Bengenc is not pernitted and xylenes arc
under pressurc oo unsuitable solvents. Perchlorcthylenc, uscd
mainly ue a dry-cleaning fluid, is unpopular in flolland on account
of the pollution from dry cluaning factory cfflucnts in canals.
This would not scem to be a good recason for restricting its use in
pesticide formulations. lorc appropriatc measurcs would appear to
be o tightening of the efflucnt rcgulations. It will, thcrofore,
become increasingly difficult to muke satisfactory wvimulsifiable
concentrates in which form over 80, of pesticide products are now
sold,

On this account considerablc cttention is being given to sus-
poncicn concentrate formulations which arc ‘thixatropic gols
onsuring stability until usc., when shaking and agitation ensures
a liquid 'etructurc' for the application to be made in conventional
cquipment.




Although these arc the trends in developed countrics, together
with granules and microcnoapsulated preducts, it is probable that
most pust problems in dcveloping countrics (ard very many in
doveloped countries) will be dealt with p.rfectly sctisfactorily
with the older cstablished water-dispersible powder und
emulsifiable oil formulations. Only whorc distinet tcchnical and
goonomic benefits derive from onv of the newer types of formulation
would it be worthwhile, in ny view, instzlling new cquipment in a
formulation plant in a dovcloping country.



REFERENCES

(1) Farn Chemicals Jan 1972, 135, No. 1 18,

(2) Depis of Trado and Ipndustry Pesticides and Allied Products
1963 1969.

(3) Nowman J.F. Proc. 6th Brit, Inscot. Fung. Cont, 1971. Vol.
II1 741,

(4)  ADCS Posticidce Review 1971,

(5) Elliot, M. The rclutionship betweosn the structurc ciul the
activity of thc Pyrethroids. Bull., Wld, LKlth. Org, 1970
44, 315.

(6)  Yoshihiko Hishizwm. Dovelopment of New Synthotio Pyre-
thr‘Oids’ Bull.‘Wl@_‘ Ig;g_ho Qr_ao 1970' M' 325

(7) Elliot, M. Structural rcquirements for pyrethrin-like
aotivity. Chem, and Ind, 1969, 776.

(8) Wickham, J.C. The laboratory evaluation of synthetic
pyraethroids as insceticides. Proc. 3rd Brit. Fest. Control
Conf

(9) Elliot, M. ct al, 5-benzyd-3~-furylmethyl ohrysanthemate: a

new potent insccticide. HNature, 1967, 213, 493.




(10)

(11)

(12)

(13)

(14)

(15)

(154)

(16)

Nasgele, ReFe  Statoment beforc House Committce on Agri-

culturc Congress of the United Stutes. (1071),

Szabb, K. Tho Lationu! Pesticide Indus.ry ~ Aims and
Implications. Paper prescntod ot the FAO/Industry Scm-
inar on the Safc and Effcotive Use of agricultural Pest-
icides, Sao Paulo, 1971,

Galley, Rea.lls BEconomic sractors involved in the synthesis
and formulation of agrioultural pesticides. An industrial
vicw, FAO/Industry Sominir on the Safo and Effective Use
of Agricultural Pesticides, Sao Paulo 1971.

Pitzsimmons, K.R, '"Role of industry in advancing ncw pest
control stratogics," Pest Control si.ategics of the futurc,
Pe 352 Agricultural Board. Division of Biology and Agri-
eulturc, Nationul Rescarch Council, National Academy of
Scicences, M. .hington D.C, 1972,

Wright, R.H. British Columbia Rcscarch Council, Pcorsonal
communication on altcrnatives to inscoticides, 1965,

Siwmons, F.J. 35th Annual Report 1963/64 of the Comuon~
wealth Agricultural Burcau, London,

Simmons, F.J. J.R. Soc. Arts, 115, 500 (1967).

Huuby, N.W. Some economic considerations in the futurc
development of biologicul control. "Technological

cconomics of crop protoction and pest control - Soc,
Chem. Ind. London., Monogreph Ne. 36, 197¢C.




(16a)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

Glasshousc Crops Recoarch Institutce Growors Bullctin No. 1
"TLe Biological Control of Cucurber Pests," 1972,

Fincl, 8, ana Skinner,G. Chemosterilization of the cabbage
root fly under ficld eonditions. Aun, _app. Biol. 73, 243
(1973)

Jucobson, M, and Joncs, WeAs Inscct Sox Attractonts I1.
The synthetrisof o highly potent gypsy moth sox attractant
and some rclated compounds, Jo Orge Cheus, 27, 2523, 1962,

Hatoers, R.M, and Jacobson, . Attractive action of gyplure
masked by impuritics. J, Zeon. Ent., 28, lio 2,7370 (1965).

Campion, D.G. Biological Control of Posts: A sercy worn
fuctory in Tcxas. Trop, Sci., 7, 92 (1965)

Poots, J.H, Stcrilization of Tectse Flics (Glossina) by
Gamma Irradiation. Ann, Trop. Mod, Farusit. 52, No. 4, 484

Yoo, D¢ The effect of sterile males upon a natural pop~
ulation of tsctse flics, Trop, Pesticides Rescarch Inst,
Bast Africa, Hisc. report Mo 156. 1956,

Todd ¢t al, The potuto celworm hatching factor,

Clarkc, A.J, and Sheph-rd, l.f. Synthetic hatching ogonts
for Heterodera schuchtii Schm, and their mode of uotion.

Hematologica, 10, 431 (1964).




(25) Clarkc, A.J. and Yiddovuson, B, The hateling factor of the
potavo-root celuwopm. bicchcn, J,, 98, 062 (1966,

(26) Coutts, H,id. ani van Tongeren, WeA., The formulation of
Tetrachlorvinphos for ULV upplications, Proc, 6th Br,
Insectic, and Mungic. Conf, (1971). Vo1, 2, 507. .

(27)  Smish, R.N. eng Johason, M.A. Ultra Low Volume and Ulira
Low Dosage Spraying with Chlorophthalonil, Proc, 6th Br,
Inseotio, and Pungic, Conf, (1971) Vo1, 2, 512.

E
(28)  Pumiage, ¢.0.L. ang Shentony T, "Tormulation - Somc Fao-
tors Affooting Pestioide Poerforvanco" SPAN (in the press)









