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T he Development 
.r of Pesticides '11 

c l 
A Chem ic al Manufacturer's V iewpoint 

Industrie s Limited, J ealott' s H ill 

and ald rin in controlling Distantlclla 
theobrotna and Sa hlbergella singularis , th e major insect pests of coc oa in We st 
Afr ica , new compounds ha ve conti nually bee n sou ght a nd tested by industry 
wit h the co-opera tion o f the official coc oa research workers in We st Afr ica . 

on Fresh impetus ha s been given to this wor k with the discover y of resist ance , a lbeit 
loca lised , by D. theobroma in Ghana (I) and S. singularis in Nigeria (2) to BHe 

) " ', a nd cyc lod ien es. 
In th is paper 1 sh all ou tline the complex of chemical , en tomological and 

IDS medica l tests essential to the d iscovery o f an y n ew pesticide, an d then descri be 
es, 

in m or e detail the test method s used aga ins t coc oa mirids, pointing out some o f 

~ . th e d ifficu lties , both techn ica l and commercia l, invol ved in find ing a new coc oa 
rni rid inse ct icide . 

~ 2 . 

Find ing a new in secticid e 
ta ­
) " .	 Up to no w a ll the new co mpo un ds genera lly known to ha ve been field- tested 

a ga ins t coc oa miri ds have been effect ive aga inst ma ny ot her pest s as well, and 
were selected by indus try fo r the ir gen eral po ten tia l in wo rld agr icu lture o r 
pu blic health . In seeking th ese new com pou nds industry has to synthesise a 
la rge n umber of novel com pou nd s a nd screen th em in th e laborator y aga inst 
insect s rep resenta tive o f the majo r pests o f the wor ld . Approximatel y one in 
2,000 of the se ne w co mpou nds may be sufficiently toxic to insects to wa rrant 
fur t he r tes ts, but very few will ever sa tis fy al l the requirements for com me rcia l 
de velopment. 

M uch of this screening work is em pirica l si nce too litt le is kn own of the 
ph ys iolo gy of insects to ena ble chemists to pr edi ct the st ru ct ure of a new 
insecticide . Ne vertheless, with expe rience it is somet imes possi ble to guess how 
the st ruc tu re o f a newly-discov ere d chem ica l sh ou ld be modifi ed to increa se its 
efficiency or red uce its toxicity to man. T he exa m ina tion o f new co m po unds 
in the labo rator y the refor e cov ers no t on ly the ir to xicit y to insects, but a lso o ther 
im po rta nt p roperties which a ffec t thei r efficiency, such as fum igant ac tion, 
tr anslo cation in the plant, pe rsist en ce on th e lea ves o r in t he soi l, phytotoxicit y 
and mammal ian toxicity. The res ults give so me idea o f the types o f ins ec t 
complex, crop a nd ap plication fo r which th e com po und is best suited . I n 
a dd itio n, the prop ert ies o f n ew chemica ls a re co mp ar ed with th ose o f est ablished 
product s, pa rti cul ar ly in respe ct 0 [' those characterist ics kn own to co nt ribute 
s ignifica ntly to t hei r success . 

Fina lly, new compounds a re exa m ined fo r propert ies no t possessed by the 
sta nda rd insect icide, bu t which it is co ns idered , from a de ta iled knowledge o f 
th e pest and crop , cou ld be of adva ntage in ac h ieving more efficient co ntrol. 

19 

:>1 
ii, 

F . S . Downing , Imp erial Chemical 
R esearch StationlIa 

·e. 

' II ~ Despi te the suc cess of lindane, DDT
"a, 



Lind ane a s a standard for new cocoa mirid ins ect ic id es 
When look ing fo r a new co co a m ir id insecti c ide, linda ne is ob vious ly t he bes t 
com pa ra ti ve standa rd to use . The succe ss o f lindan e has been a t t rib uted to :­

I .	 Rapid k ill o f th e m irids 
2.	 A fum iga nt effect (4 , 8) 
3.	 Absence of ta int o r residues harm ful to th e co ns ume r in th e ha rve sted 

crop (4) 
4.	 N o phyto tox icity wit h yo u ng o r o ld plant s (4) 
5.	 N o adve rse effect s on spray me n (4) 
6.	 C hem ica l sta bility when formulat ed as a sp ra y co nce ntra te 
7.	 A high cost/ effic iency ra t io so th at far mer s get a good retu rn for t he cost 

of t he spray (7, 9) 
8. N o build- up o f seco nda ry pest s (4, 5) 

The ra pid k ill o f mir ids by linda ne has often bee n ove rloo ked as a facto r 
resp onsib le fo r its success in cocoa . Fa rm ers will, however, be e nco uraged to 
rep eat th eir in it ia l spray a pplica t ion by th e excite me nt of see ing a pes t die soo n 
a fte r t reatment. T he une ven cove r like ly when spray ing is ca rr ied o ut by 
u nskilled o pe ra tors will be o ffset by th e fu m igan t effec t of lin da ne we ll descr ibed 
by Ra w (8) . 

A lo w to xic ity by ingest ion o r a bsorp t ion th rou gh the skin is clea rly im p ortant 
in cocoa si nce fa rmer sprayrnen, nor mall y with sca n ty clo t hing , become d re nched 
in th e fall -out from mi stblowers. Derma l an d na sal irrit atio n by the spra y mist 
ca n a lso pr event t he development of a pot entia l cocoa insect ic ide , a nd th e 
so lven ts an d welters in the sp ray mu st be as free from th ese d isadv a nta ges as the 
insect icide itse lf. 

T he buil d-up of sec on da ry pest s in t he farme r's cocoa has not occ urred wh ere 
linda ne has been used , a lt ho ugh the reaso ns why a re not know n. Ent wistl e 
ct. 01. (5) s howed tha t hea vy a pplica t io ns cou ld upset th e bio logical ba lan ce by 
ki lling predat o rs a nd parasites o f th e pest s. F ro m thi s one co nc ludes th at the 
average far mer applicat ion rat e mu st be low enoug h to av o id suc h a n un ­
desirab le act io n. T his is per hap s a reason ab le ass ump tio n since o nly fo ur 
a pplica t io ns a re ma de ea ch yea r, a nd, as lindane has o nly a sho rt per s ist ence o n 
plan ts, t he insec t populat ion o f the fa rm er' s cocoa wou ld be exposed to t he 
insecti cide fo r a few days o nly. During th e rest o f th e yea r the tr eat ed cro p 
co uld be reco loni sed by predator s a nd para sit es from nearby un treat ed areas, 
wh ile cocoa m irids whi ch a re loca l in ha bit wo uld be Icss like ly to re invade ve ry 
rapid ly. 

Laboratory tests for a mirid ins ecti cid e 
T he la bora to ry meth od s for det ecting the properties requi red in new cocoa 
mirid insecticid es are fair ly simp le , but th e wo rk is complicat ed by t he fact t ha t, 
beca use indu str ia l la bo ra to ries ar e s ited aw ay from co coa-grow ing a reas, ne ith er 
D. tlieobronia nor S . singular is can be rea red in sufficien t numbe rs fo r their test s. 
T he closely-related co tton st a iner Dysde rcusfosciatus is co m mo nly used instead, 
bu t I have found t ha t t his insect can differ ma rked ly fro m Distanticl!a in its 
susce ptib ility to pestic ides, so th at rep eat test s o n th e pest itself in Wes t Africa 
a re es sen t ia l. 

T o determine t he to xic level o f a ny new co m po und to cocoa m irid s, two 
la bo rato ry meth ods a re commonl y used :­

I .	 A sin gle. mea sured d rop of insec ticide , usua lly in acet on e so lut io n, is 
placed o nto the bac k of each insec t 1'1'0 111 a micr o-syri nge , or 
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2.	 In sect s are s prayed in a spray-towe r ( F ig . I ) with a wa te r emulsi on of t he 
insec tic ide s imi lar to t hat norma lly used in th e fiel d . The to wer method 
is be t te r w he re p ossi ble fie ld dosage ra tes m us t be p red icted, w hile t he 
micro-drop technique w ill show up finer d ifferences be tween compounds. 
With e it he r method the insecticide ac ts by penetrating the insect's cuticle 
(con tac t acti on) and/ or by in hal ati o n (fu m iga n t ac tio n) , The ex te nt to 
which either method of en t ry predom ina tes is im po rta n t , bec ause a n 
ins ecticide wit h a s t ro ng fu m igant ac t ion ca n be sp rayed in sma lle r 
vo lu mes t ha n o ne wi th con tact ac t ion a lone. T o measure th e fumiga nt 
ac tion, insects a re held o n fine gauze, c lose to , bu t no t touch ing , a t reated 
surface. 

The persist ence of th e insectic ide o n the plant ca n a lso he lp to com pensa te fo r 
p o o r sp ray-co ver in th e field , si nce an insec t no t hit d irect ly may di e su bsequen tly 
w he n it wa lks ove r a let hal deposit. The appro pr ia te persistence measurements 
m ust be do ne on coc oa since pest ic ides ha ve d ifferen t li ves on d iffere n t plant s 
a nd ev en on differe nt pa rt s of t he sa me plan t. T hu s, with coc o a, persi stence 
mu st be checked o n the pods , g ree n s hoots a nd ba rk , a ll o f wh ich a re co m­
m o n ly in ha bited by the mi rids (3). F igs. 2 a nd 3 show pe rs is te nce test s on po ds 
an d s ho o ts . The in sect s are t rapped o n th e t reat ed surface within pla stic rings 
a nd fu n ne ls lined with p ol y-tctra -flu o ro -erhylcn e, w hich p ro duces a v irtu a lly 
fr ict io n less sur face over wh ich the insect s ca nn o t wa lk . 

Wh ile th is e nt omol ogi cal work is progressin g ma mma lian toxic ity a n d 
metabo lic s t ud ies w ill ha ve continued. The possible ha zard to s p ray o pera to rs 
is in it ia lly deduced from ex per imen ts w ith rats a nd lat er o the r a nima ls, and 
befo re a p ro d uc t is used, co m me rc ia lly lo ng-t e rm feeding tests de te rm ine th e 
hazard to the consumer from con t in ued ingesti o n o f any residues fo un d in the 
c rop . T he de termi nation of residu e leve ls ca nn ot begin unt il a method of 
a na lysis has been fo und wh ich is su ffic ient ly sens it ive to de tect a lo w co ncen ­
tration o f th e chemical. U sually this meth od of a na lys is ha s to be mo dified for 
different crops, and the high fat conten t o f coco a is freq ue n t ly a pr oblem . 

The im po rta nce of the co ns t it ue nts o f a sp ray co nce ntra te o t he r than the 
pesti cide is o ften n ot reali sed . These mu st be carefu lly inves t iga ted si nce they 
can det e rm ine w hether o r n o t a spray wi ll corro de th e s p ra ye rs, re ma in sta ble 
when di lu ted lo n g en ou gh for a n even rate to be app lied, damage t he plants or 
ca use taint , or perh aps increa se th e to xicit y o f a pesti c ide to the sprayrn en. 

Fi eld tri al for a mirid insecticid e 
Fiel d trial s init ia lly invo lve a few aCI'Cs of coc oa a nd bui ld u p to la rge devel op ­
ment projects if a c he mica l is s ucce ssful. Un fo rt un at ely , no meth od ex ists fo r 
th e accurate compari son of compou nd s in the field , an d in the pa st tests ha ve 
f req uen tly been repeated wi th in con clu sive result s , except to inc rease the to tal 
devel opment cost. 

F ie ld tri a l as sessmen ts h ave com m o n ly depended on th e counting o f mirids 
before and a fter seve ral acres o f co coa ha ve been spraye d . S uc h cou nts can 
never be ca rr ied o ut with a hi gh degree o f accura cy since it is on ly poss ible eas ily 
to reach m irids up to 10 feet fr o m th e g ro un d , a nd th ese ma y not be a n a d eq ua te 
sample o f the w hole po pulat io n . F u rthe rm ore, the ver y sma ll, da rk brown to 
black mirids h idin g in cr evices are no t read ily seen , in the d im light be neath the 
cocoa can opy , and to co unt a ll o f th em wo u ld req u ire lon g a nd di lige n t sea rches 
not possi ble in t r ia ls . T he il' n umbers a re a lso very sma ll, n ot m ore t han two 
to t h ree per t ree o n avera ge . W ith s uc h o p po rtu n it ies for e rr or o nly "cry bi g 

d ifferences be twee n co m po unds can be de tec ted with co nfide nce , a nd o nly th e 
ra re, o uts ta ndi ngly good com pound is go ing to be o bvi ous . 

Jn searchi ng fo r a lte rna t ives to lindane to control res ist a nt mirids, research 
wo rkers may th er e fore ha ve to choose between com pou nd s with a ppa re n t ly 
si mi la r inse c tic ida l effic ienc ies, if they are not to wa it for an o u ts tan d ing co m­
pou nd w h ich m ight never a p pea r . Their c ho ice ma y th en de pe nd o n ot her 
fac to rs s uc h as sa fe ty to th e o pe ra to r, the effect o n p redat o rs , and in part icula r 
th e absence o f tain t in th e c ro p. Chem ica l stru c tu res pro vide no c lue a s to 
w he the r a co m po u nd w ill taint cocoa , and eve n if they did , a test o n the spray 
formu la t ion used in t he fie ld wo uld s t ill be essential. The tai nt test is a t pr esent 
to o la rge, com plex a nd expensi ve to be initia ted be fo re the ins ect ic ida l efficiency 
o f a compo u nd in th e field has been est abl ish ed . The procedu re wi ll be 
desc ribed in a lat er paper in th e Cocoa Growers' Bullct ln; it is esse nt ia lly e m p irica l 
and m ust be carried o u t o n the finish ed choco la te, so tha t a co nside ra ble a rea o f 
th e c ro p must be t reat ed . A sma ll-sca le me thod to be used early in the develo p ­
me n t o f a co mpo und cou ld ass is t in red uc ing the cost o f de velop ing new c hem ica ls 
s ubsta nt ia lly by e lim ina t ing th ose which taint , before expe ns ive fiel d tri al s a re 
don e . 

Comm erc ial co nside rati o ns 
It w ill be c lear th at the cost of developing a n in secti ci de is bo rne by th e chem ica l 
man ufact u re r, the co coa rese a rch ins t itu tes a nd the ch ocol at e m a nu factu rers. 
Ga lley a nd Ste ven s (6) es t ima te the cos t to th e m anu factu rer o f de ve loping a 
new agric ult ur a l pesti ci de to be fr om .£} million to more th an .£ 1 milli on . This 
figure inclu des costs o f manufact u ring, for exam p le th o se a rising fro m plan t 
desi gn a nd cons t ructio n, not d iscussed in th is paper . 

In the w r iter's view insectici des w h ic h a re hi ghl y se lec t ive fo r cocoa pest s will 
no t eas ily be fou nd or develo ped in s pit e o f the st ro ng de sire in many q uar ters 
for suc h co m po u nds . It w ill be appreci ated th at a chem ica l ki ll ing spec ifica lly 
Distant iella a nd Sa hlbcrgella wou ld o nly be o f use in cocoa in W est Afr ica , a nd 
th e ri sks invol ved in deve lopin g a product fo r such a res tric ted out le t w ill be 
obvio us, es pec ia lly while resist ance to lin dan e a nd a ldr in rema in s loca lised . 

H o weve r , it need n o t be to o read ily assumed th at new ge ne ra l insecticides 
will necessa ri ly upset the biological bal a nce in coc oa . Li nda ne is a goo d 
exa m p le of a c he m ica l ki llin g a w ide ran ge o f species th at ca uses no b ui ld- up o f 
seco nda ry pest s, perhaps because o f it s s ho rt per sist ence a nd th e way it is a pp lied . 
Selec t ivity may a lso be ach ieved with system ic i nsect ic ides w h ich k ill the m ir id s 
as they s uc k th e sa p . These could be successful in yo u ng cocoa , bu t in matu re 
t rees there cou ld be considerable pr oblems in ensur ing tha t the w ho le t ree 
beca me to xic to the mirids whi le pre venting excessive res idues buil di ng up in 
the p o ds, wh ich a re th eir favo u red habitat s . Fai rly ge nera l insec tic ides w ith 
properties e nabl in g them to be applied selecti vely are there fore the m o st lik el y 
chem ica ls to be develope d , w he n they a re req uired , fo r th e future con t rol 01' 
cocoa mi rids . 
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