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5.1 A SUMMARY OF REPORTS P.RESENTED.BY c,ovi\TTRY REPRESENTAT’IVES‘

5.0 | Papers and reports concernlng pestlelde usage and res1stance
problems presented by the representatlves of Bangladesh Burma China,*
Ind1a, Paklstan, the Phllipplnes and Thalland' some delegatlons |
presented more: than one paper and some oral presentatlons were made.

There follows a prec1s of the major p01nts made 1n these papers.

5t1 Bangladesh

v The 1nsect1c1des used for agrlcultural pest control are malnly
"the organo—phosphates Malathlon, Fen1troth1on Diazinon, D1mecron'
Whlle D1eldr1n and Heptachlor are used as so1l 1nsect1c1des. For
publlc health control Malathlon, D1a21non, Fenthlon, Drchlorvos are
used, and two ehlorrnated hydrojcarhons, BHC and DDT, the 1ast belng“

manufactured and formulated locally.

In practice for insect control in the field'of:agriCulture;
Malathlon, D1a21non Fenltrothlon and Carbaryl have been in use. 1n o

Bangladesh for more than 20 years. But no’ study has yet been

undertaken anywhere "fthe country to evaluate 1f re51stance of

1nsects towards these 1nsect1c1des has been developed but there“

have been general complalnts from the users and the natronal press
that Malathion and other common agrlcultural 1nsect1c1des are no

longer useful for chtrol.

During the lastvtwo years there were severe‘infestationsiof’rlce L
hispa (DLCEadtépa aﬂm&ge&a} in epidemic form in sone narts‘of the
country. This insect was not of 1mportance prlor to 1979 but it is now
one of the maJor pests causing economic 1nJury. There have been agaln‘
compla1nts from the,farmers and natlonalvpress‘thatapest1c1des which

are available in the markets are not working effectively in controlling’

this insect,
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with surroundlng countrles.,

"ax 5ai4gan5 AedeA aegypzcl whife-in 1975
 ’s pos31ble u31ng Malathlon and Fen1troth1an, thls

is no longer the case fangfthe GOVerqment;lncendg to beg;gga; '

resistance survey

Bu a

The'inCidenCe of agr ral pests seems low in" Burma comparedif

Maj'r pests of 1mportant crops are

Spodoptena maunLtea DLQZadLApa-adm&gena, Tnypohgza anentuﬁaé and

,Mythuwna Aepanaia on r1ce SeAamLa and ChLﬁO on sugarcane and Spodopfﬁﬂa,:i;

_AgnotAA Pﬁuteﬁla and Ep&ﬂachna' on: vegetables. Cotton pests are the

same ag those found Ln.Ind;a,A

To control these the most w1de1y used pest1c1des are malathlon,

DDT Endrin, Sev1n Llndane and Aldrln; but trlals are now belng

carried out'w1th the synthe§1c pyrethro;ds, -

The . maJor publlc health problems and vectors are malarla

‘(AnophekeA m4n4mué A .Annufanxé and A. CH@(CAAGCAUA] Dengue

Haemorrhdklt bovvr (Acdc\ avqupff) Japanese ln(ephalxtla ((NU(\

znxxatn&onhynchub Cx. ucAhnux and Cx. 3e£4mL5), and learlasls

: [Cw@ex amam)

To control these Vectbre DDT is ﬁidely used, and MalathiOn and

Fenthlon are also used. No Systematlc studxes on resxstance have yet

been made in Burma, but arrangements are be1ng made for a survey of
re81stance in agr1cu1tura1 pests. Reslstance exlsts 1n publlc health
‘vectors, A. annutan&A and A, cuﬁ&c&éacLeA are res1stant to DDT and

- Aedes aegypt&‘may also be res1stant to that 'compound, while Cufex
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6at¢gané is. re31stant both to some organo—chlorlnes and Fenth1on.

‘The procurement and dlstrlbutlon of pest1c1des 1n Burma is a Govern-

ere is nd“leglslatlon relatlng to thelr coutrol

f _y.qurk is 1n progress to set up a central

Q,dﬂ??lqpftrém” gucourses 1n the safe use &kf:

A survey Of mosqu;to res1stance to 1nsect1c1des was started 1n

the late 19505. Slnce 1978 a co-opera' .efgroup, 1nc1ud1ng Shanghal B

‘Instltute of Entomology, Academla S:flca, Prov1nc1al Instltutes of

Par351t1c Dlsease Control and C::tres of Sanltary and Epldemlc

Preventlon, has been respons1b1e for the survelllance of the mosqulto

tus of mosquito resistance

mosqmto Contml progt‘ammem Cx. p&mené 5auqams developed res1stancef

'to these 1nbec¢icldve rap1d1y, CSpQ(lJ]]y in. the'urban dre b of Sﬁuth

and East China.

W1despread reSIStance to Orgaﬂo—chlor1nes of these mosqu1toes,nbf:7
forced the use of organo—phosPhate 1nsect1c1des and s1nce the 19603
Dlpterex, DDVP Malathlon and others have been used as the subsﬁltutes:7

dn most dlstrlcts. Ten‘years later re31stance to Dlpterex and Malathlon

was demo strated some dlstrlctségf
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b) AnopheﬁeA sinensis

Thls spec1es is an 1mportant malarla vector dn the plalns of
central chxna. It was demonstrated that th1s spec1es has a sxgnlfxcant
'behav1our re81stance to DDT. The large scale use of 1nsect1c1des in
the rlce f1e1ds for the controllxng of agrlcultural pests also glves

a re51stance selectlon pressure to A 5LHQHA&A

When the organo-phosphate 1nsect1c1des were substltuted for:

‘ organo—chlorlnes, BHC re31stance has decreased gradually, but the'

high tolerance tq DD$ is me;ntalned.

Recently, this species has demonstrated more tolerance to

‘Malathion and»Sqmithiee.

¢) Angpheles minimus

This is an impqrtant'vectgr_'ef‘malapia in mounteiuous and

hilly regions of South China.

In 1979—81 the co—operatlve group. made a survey of the

_tolerance of A mxn&mué to 1nse<t1c1des 1n some parts of Ch1na,‘
and it was fouud thdt the DUI and BHC quscept1b1l1ty of A, m(ntmuA
had dec;eagedg'ﬂoweve , Lontrol w1th DT and BHC house—spraylng
continues to be satisfactory, despite the low-level organochlorine

resistance of A, minimus.

d) Aede4 aﬁbop&ctub

Thls spec1es in the urban and suburban area of South and East
China has developed a high—- level DDT reSIStance and BHC resistance
has been suSpecced, but 1t is sensitrve to orgapo—phosphate

insecticides.
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e) Cuﬂex tn&taeneanhynchub

Th1s spec1es has developed a 1ow—1eve1 DDT and BHC re81stance
and a hlgh 1eve1 organowphosphate re51stance, as reported recently

from Shanzl'Prov1nce."'

lndia

Development of re31stance to pest1c3des by insect and other
vectors of relevance to publlc health and agrlculture has been of

great concern to Ind1a ever 31nce the natlonal eradlcatlon of malarla';i

ime - was 1n1tlated in the early fifties, In the

beg1nn1ng i?terest was conflned to mosqultoes whlch act as vectors -
for malarla and fllarla. Later lnvest1gat10ns have covered vectors o
of other dlseases, non—target organlsms, house fly, 11ce etc. The |
most s1gn1f1cant recent flndlng of omlnous consequence is’ the fact

that the sandfly Phﬂebotomué papataé& has developed reslstance to

DDT" in Bihar.

5.4.1

With the inereasing use.of'chemical control of pests in the

- pre—harvest and post harvest phases of agrlcultoral operatlons and

‘food productlon, attentlon has also been dlrected to assess the

emergence of res:stance 1n the vectoxs concerned with planr dlsedses
and in the 1nsects Iesponslble for sp01lage of food durlng post

harvestwstprage;"

Insect1c1de Res1stance in Mosqu1toes and Othev Arthropods

Three years after the. 1nst1tut10n of the malarla eradlcatlon
programme low-levels of DDT re51stance in A. cu£4c45a0LeA descrlbed

earller as- tolerance were reported in 1959 In1t1ally this re31stance

was not of serious consequence but by 1965 -66 DDT and BHC spxaylng

- had fa1led to control the epldemjes that broke out durlng the phase
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of consolldatlon of the programme.-81nce then malarla transm1551on

has remalned unchecked and the number of cases has been steadlly
1ncreas1ng. Malathlon was 1ntroduced in 1966 and there was demons- :

trable decrease by a factor of three or four over a perlod of two to '

three years.

However by 1980 A cuﬂ&aéac&eé the maJor vector of malarla

had become res1stant to DDT BHC and- Malathlon 1n areas holdlng a'
populatlon of more than 250 mllllons. A s1gn1f1cant flndlng has been
the detectlon of" Malathlon re31stance in areas where the compound is
being used for;tha cqntrgl of'agr;culgursl pests and not 1nspubllc

health”programmes;

Insect1c1de Res1stance 1n Agr1cu1ture
| Indla took part in the global survey on pest1c1des suscept1b111ty

of stored grain pests cohducted by FAO durlng 1972-73.

Both Malathion and Lindane have been reported to give high failure

rates of cdntrol of'pest infeStation in stdred grains.,Using .

dlscr1minat1ng dose tests 1t would appear that the above fa11ure is ﬁv"

- due to ‘emergence of reslstan(e of the pests to Malath1on and andane.

In specific failures with Taibolium caétangum and S&ﬁoph&@ué oryzae
in the field, monitoring tests and laboratory assays have given

definite indication of resistance.

Thertabie‘giveh‘below summarises[sdme information for certain

public health vectors.



A wac,cﬁauu o

A. Atephenu |

e enopAyU,a chepus ; | L o o - B

laria 1is the most serlous vector borne d1sease 1n Paklstan, Afﬂ"“

_ectors be:mg Anophaﬁe/s Mephen/.sx, and A, cu&uéau%. ‘I‘hese

“ectorsrwere or1g1ndlly Lontrulled W1th DDT manufactured Iooally



was due tb lncorrect dosage and appllcatlon, Fen1troth1on and

e D1a21nen were substltuted

'In‘relation,to»reports'on.fesistance‘of'cotton pests to Dimecron,

Thlodon and Endrln, 1nvest1gat10ns agaln suggested th1s was due to

1ncorrect dosages and defectlve appllcatlon. Empha51s has now. been

N

placed on the need for re31stance surveys and adequate 1nsect1c1de

screenlng trlals to guard agalnst the further development of re51stance.

Phi11 1ne 1[ ot

Several spec1es of agrlcultural pests have become resxstant to

pest1c1des in the Phlllpplne”m the worst cases 1nc1ud1ng the maJor,d.
pests of r1ce; the planthopper N&ﬁapanvara spp- and the 1eafhopp6r

- Nephoteixtx. DDT re81stance was, noted ‘a long t1me ago and now e

‘ re31stance to org no—phosphates and carbamates is present,_

n'the Phlllpplnes, the Fertlllser and

Pest1c1de Author1ty,f1s»concerned to develop re31stance surveys and S

‘;f' . also to 1nvest1gate the en‘;ronmental aspects of pest1c1de usage. L

s ”’.T-"haiiland Sy \ S
The ﬁaJor dlseases and“asSociated vectors are‘malarta, w1th '
f1ve maJor vectors Anophelea m&n&mas A bazabacenété A macuZaIuA

A, Aundatcub, A acen&iué and several mlnor ones. Japanese Encephalltlsi
Culex w,taemoahynchws Cx. gefadws Cx 5wscocepha£a, Cx. Mhnu,(.,

*Dengue Haemorrhaglc Fever Aedeé aegypi&, and F11ar1a51s Manéon&a spp

and Aedez:» mveu/s. .

Large scale vector control w1th.DDT emu131f1ab1e concentrate

has been carrled out 31nce 1950 but resxstance does not seem to have

developed on a wxde scale.



wae?er, Temephos, Malathieﬁ‘aed Fenitrothion have been used
for vector coﬁtrei notably agalnst AedeA aegypt& and‘a careful
vre51stance country-W1de survey of Thalland suggests that while
resistance to Malathlon 1s gradually 1ncrea31ng Temephos and
Fenitrethion are:nqt effeeted4 One of the interesting conclusions

from this.work was that pesticides used in agriculture had no impact

on urban mosquito resistance.

‘As regards agr1cu1tura1 pests, the most ser1ous pests, whlch
have developed rather W1de spectrum reS1stance are the American
‘bollworm (H. anmrgeea) the -diamond.- back moth (qutezza xyﬂoate££a)

L“”podopt'&a eX&gua. Res1stance has appeared to W‘“‘

_'—phosphates and carbamates and has been

\

‘lérgahofdhl ri

‘ 1nduced in the_labcratory to- synthetlc pyrethr01ds. ?;_v

Because of- these problems, m1crob1a1 pest1c1des such as EEN AN

Bac&llub thu&LngLenALA are" now belng used»

There are some req1stance surveys of - agrlcultural pests under~

taken but not 1n a systematlc manner, but because 607 of 311 '
pestxclde applled 1u 1ha1}and aro U%(d on xotton and vohetahles :

further r381stance problems can be eXpe<ted
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60 PLSTICIDL USAGE AND INDUCTION or RLSIS"‘ANCE
’ ' IN PE.‘.;TS AND va.c'roas

- by N. WICKREMASINGHE AND

| Y. ELIKAWELA
(Central Agricultural Research Instltute,

Sri Lanka)

vROle of A rieﬁiture; 

Agr:culture has been the mazn!oc ion of the people of g

thls island from anclent tlmes.1" ,e'attazned
Independence the agrlcultural go Cthis country have been.:_f
(a) to euetaln a hlgh

export orlentedfc ea, rubber and ooconut;

t'crops. However,

‘ﬂ‘crops for export and food.‘ Thei' : o
env1ronment such as topo raphy:f"" 1;; temperﬂture xegimes and A
1ine the prevalllng lmnd—uae.f”i'
‘crop*ing patterns and development notent:al in’ the cuuvir\ ‘ﬂ
‘Today Agrlculture contrlbutes 33 percent of the GNP earn1ng o
8o percent of the forelgn exchange and employ;ng 50 percent of7th¢?H
wage earners. Export erlented crops “such as tea, rubber and ;>“ 
coconut together w1th rice the stapie feod constltute the maan
grlcultural productlon of the 1sland.

The ﬁerformances offfhe majer and'minor eXport'crOPS is an .
1mportant determlnant of the country'e 1mport capac;ty, whlle

the volume of rlce productlon has an 1mpartant bearlng on the e.:; ﬁ_L

\



total quantity of cereals 1mported.« Desyite an 1mport b;lI of
Re. 6000 million on rice, flour, wheat, sugar, dalry products.

;etc" the trenda in agrlculture production appear opt;mletlc (Table 1) e

.ﬁ“In the last B-years rice productlon varied only 3% from

flthe targets set by the Ministry of Agricultural Development )

“1;and Research. If the ‘current year's 1mp1ementat1on target of

w‘112 million bushels of paddy is achieved self-sufflclency would
~have been achieved in the staple food of our 143 million

- people (Agriculture Implementatlon program 1981 - 1982).
Successlve governments have supported the drlve for self;
sufficiency in food and d1versmf1catlon of export crops by
1mplement1ng pollcy measureu, such as the restorat1on of old
“1rrlgatlon Meservoirs the bulldzng of new ones, ‘the
"developing of river valley schemes (Table 11) prov;ding
| incentives to the cultxvators 1n the form of attractlve o
floor prices providing credlt and subsmdy echemes, the
introductlon of high ymeldxng stramns, and the use of improved
cultivation practlces <1ncluﬁlve,9f-ferﬁll;zer use and orop

protection techn1qoes),.

Although blOlOglO&l research on non~chem10a1 crop
protection is receiving frontllne attent;on in the maaor crops,u"‘
tea, rubber, coconut and rlce, yet control’ recommendatxons B R
for eeveral of the annual cr0ps are malnly chemlcal 1n nature. o
Measures tor pest control in the mogor and mlnor export orops
are recommonded by the reepecgkve commodxty resealch
Institutes. About two decades ago, the major user of
pesticides was the tea 1ndustry. From Table III it is
apparent that over 20% of their peotlcide blll accounted for
1neect eontrol. But today, as in the case of other permanent tree N
crops, ‘the use of- 1nsect1c1des is mlnlmal, as management of the
crop and blologzcal control are the main technlques adopted to
keep pests down to sub-economic levels, Further, due to the
small number of clients involved in the plantatlon sector, there
is good rapport between Ulanters and thelr eerv1c1ng unlts, .
official adv1ce belng accepted almost 1n toto.' The Departments

of Agrlculture and Minor Export’ CroPS servlce the peasant
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 farmer with emall land holdings 0.5 to 5 acres in extent.

Pollcy changes 1n the agrzcultural sector such as attraotivb
open market prices for paddy and other crops have helped to
’tnbvbasbxaﬁbpt&ntzaiiy agrzcultural productlon. However, the

‘1ack of manpower tc adv" V‘hese 1nnumerable "small farmers" on"f

‘ Af#erkﬁgg; ,tloﬂ the Control of Pestzclde Act Noo33‘ ;'
was gazétted»ig” ‘Ocedural and recrultment delays have o
'ipcstponea'%he’imﬁi ién of this Act. In the history of

>pest1c1de markg Lanka, 1t 1s e'}dént that various
1meaaures wer o i

Agrgch?ﬂ}cn



‘,eCommzttee on Agro—Chemlcals wa

=159 - .- .

prOprletory preparatlons requlred ior use -in Agrlculture"

The committee recommended that a. pollcy of strzct 1mport
restrlctione would negate the natzons’ efferts ‘to boost

local productlon.‘ They also subm;tted a llst of agrochem;cals | |
(Insectlcides'an&'koerxxldes 26 ~Fung1czdes 19, Weeételdes _v,;’-‘
175 Rodenticldee 2 Fumlgants 3, and Molluscldes 1). to be
‘supplled by 15 approved 1mporters.v S

By 1965 the c.l.f. value of the country s annual agro~ v
“chemlcal requ:rement was Rs 8,550 000/- (Man;ckavasagar 1979).

e The 1mport of agro—chemlcals became more and more restrlctlve as
‘fexport earnings of the country decl1ned.: The Formulary

( i glven the responsxbllity of doq:d;ng i
'xﬁfthe peetlclde requlrement of both plantatmon end ‘domestic agr;culturo;“"f

‘”-\'mhe foremgn exchange was released on & 6 month ba51s and only

Hchemlcals in the Formulary¢ could be 1mported. ‘No other agro-,

chemical ¢ ould be imported, unmess .at . &heoznsistence of the
“'Government either for use 1n pest epldemlcs or as samples for :
‘_o:perlmental purposes. , e o

A change in government pollcy in. the latter part of the last
“decade and the llberallzatlon of zmports, made the oontrol of
‘~pestlcldes dlfflcult., Agro-chemlcals whether. in the Formulary
or not were be1ng 1mported by peraons outs:de the approved

. 1list under Open General Llcence. Subseqaently, as an 1nter1m

‘g‘measure action was taken by the Nlnlstry of Agrlcultural

eDevelcpment and Research and the Mlnistry of Trade and -
_ Shlpplng to restrlct 1mport of- agro-chem;cals that were .
‘ gaaetted. The few loop holes that stlll exist for import of

e‘non.recommended pest101des can only be blocked by the
' {“1emenpatlon of the Pestlclde Gontrol Act,

Be 1nﬁA»r1cu1ture - Past and future :

It 15 timely now to address our mlnds to the main. obaect .
"f"of our dellberatlons here. The problem of practloal mmportance
" which is under diacussion is the effect of,' '

sticides used in




“’ﬁ_selectxon over: a 1ons perzod of time en- a large pest
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‘agrioulture on the development of resistance‘{n agricultural
‘peata and vector epeczes of- human diseases. '

Aa reslstance in. pests is condltzoned by sustaxned

population Possesslng a hlﬁh ra pr 'uctzon. insectxcldes*73'~

used wldely 1n rice cult njareas such as
f Apparal,vKurggeral »
cultivation

rounds of’

7frice envmronment

f‘gx‘anules and 61)1‘ ; ._:_‘Qn a need basn.s. TOdl‘ly, tha Eh

. eommon . agrochemlcal bfdvoured by the- rlce farmers are ;; PR
carbofuran (3% granules} BPMC (concentrate) Propoxur, (granules & o
emulszon coneentrat s} and emulsmon concentrates of Parathlnn o

| “and Monocrotophos., In cash crcp cultlvatxon Monocrqtophos’.
- Parathion, Methamldo hos,- Fenthion 'ulnalphos and Dlmethoate are o
used 1nten51vely g SRRt o

1c£>cocktaxls

The 58r1¢UZtﬁ sea ch efforts to develop

vvarletzes of rlce

 bear1ng fruxt. I J vt :ﬂﬁlﬁhgﬁuse"ofﬁthese,"“‘

'Q"varletles and the'ln ve brograr °57P¥éh£f??9tecti0ﬁ aﬁ§;Cf?”,
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farmer educatlon, the pest1c1de usage 1n the rlce env1ronment
will decrease. (Table IV).

Although research on cropplng patterns and the Integrated
approach to pest management in cash creps 1s rece1v1ng _
‘attentlon, the 1mpact on the env1ronment will not be felt in the
' 1mmediate future. The 1mplementatlon of Pestlclde leglslatlon"
would further reduce the mlsuse or overuse of 1nsect1c1des/

on cash crops.

‘ Resistance in Agrlcultural pests

Amongst the magor pests of rlce the follow1ng show fleld
re81etance to 1nsectlcldes after prolonged use 1n the fleld.
Paddy bug (gamma BHC) paddy plant hoppers (gamma BHC, endrln,
vdmazmnon, carbaryl) paddy flela crab (endrln, telodrln).

- Pests of other crops that ‘have res:stant or tolerant populatlons

are padule legged bug (gamma BHC) aphlds on vegetables and
tobacco (to several. contact and systemlc organophosphates),
cabbage caterplllars (pDT, endrlv, parathlon), brlnaal shoot

and fruit borer (carbaryl) onlon caterplllars (parathlop). The

degree of resistance attalned by these apec;es has been

confirmed by laboratory studles in the case of Leptocorxza

‘“varlcornlns (paddy bug) Paratelphusa' spp (paddy fleld crabs), L

" Plutella. macullpennls jeabbg“eiwoﬁm;;‘;ﬁ}eecex 8

'caterpxllar}g',_

Reports from varlous countrles 1n the troplcal belt s
indicating that mosqulto control was oecomxng progre551ve1y
more’ dlfflcult in areas of 1ntenszve errlculture; forced E
‘the Government of Sr1 Lanka i 1976 te retaln two pestlcldes (in
the first 1nstance) specifically for vector control these wére
the relatlvely low hazardous, cheap erganophosphate chemlcale

(malathion and fenitrothion).



The }haslng out of these two c;em1cals lor use in

agriculture vas’ verx sbrupgs ' ; o o o

halaphfq_. S Fe;zt;othmon ,
- " Soee. S5y dust” :,g :"1600 g/litre
1975 2,275 z:als 50 30,000  gals
9% 2,500 gsls 7,000 gals
1977 L T

(Férmhlary Qf‘Agyoéhemicals‘1975,»76,77?),

. At thlS tlme nalathlon had been recommended for use ma1nly&£ 
_agalnst pests of vegetables uuch as poqrds, onlons and Cowpea :

whlch are plcked at frequent Lntervalu, whlle the broad

Qf the two; psgth{deq w:tnaraun mrom use in agrlculture -

}or‘Fenitrotnlon r951stance to be bullt,.'

The obaectlve of th;sﬂworkshop is to arrzve at ﬂuldelzneﬁ [N

.to doLay'the onset of reaastance 1n pests ‘and veotor speczes.lgﬁii
Ldoklng at. 1t from a paroch;al welnt of v1ew, how high is-the"
prOuahllltj of a“rlculiural pes t1C1de asage hav1ng a dlrect o
bearlng On mﬁLaila control 1n Sr1 Lanka? Currently, in the A
'fmalarlal areas the bulk of‘tre 1naect101des are used for rlce or o

ch1111 cultlvation. Toe d(ortiqn ‘of the” neu 1mproved VﬁfléthQA

\7of rlce and of cultural ET&thCLC have and w111 contlnue to

’11nfluence tne r1ce ;Leld fdurﬁ Mnd flera., Channes in the,“’* Ty
' 'aconomif status of various Ae$ts Iave already been recorded -
‘er;HXnghe 49?9, 1979'7

, The loss qf certaln,



“fish fauna from 1rr13ated rlce fleldq 1s evzdent in Amparal
‘ and Kurunegala dlatrxcts (Ellkawela 1968)._ The authers are notg;w
aware of snde effects on mosnulto fauna’ 1n ‘the rzce env1ronment

The pene»ration of sunlight threugh the rice canopy has changed
over the laet two deoades, maklng it a poor harborage for adultfg
mosqu:toes. Land preparatlons of ploughlng and 1eve111ng befo:
gsowlng of rice, reduces the occurence of larval sites thomgh

sumtable habltats are ava1lable 1n tne draln;go systems - "the

‘lunu or knnu elas" However, these receﬁve no dmrect 1nsectici
'wutreatme ts.‘ The superlmp051tlon of the areas under rlce '

“cultxvat‘cn on a map- of mal rla zncldence (Flgs I,end II)
reveals that high 1nc1denee 15 not neceusarily assoclated with ;
‘rrlce cultivatlon but, on the otherhand, malarzal areas 1n the :
eastern foot hills and the western dry zone : belt abut on fere&t
‘ reaqrvea, nat1onal parks and wlld llfe sanctuar:es whxch would ‘

' act as a gene pool.. The presence of several rivers which show

o pooling durlng the dry Spells and at the onset of the flrst

B ramns of the North east, monsoen add to the ava;lahillty of

iq moaquito larval hanltats.» The Ant1ma1ar1a suthor;tlea are- con!*5 7@ '

‘ ot the continued suceptibllltJ ‘of the vector Anopheles cullci

malathion even after several years cf spray. coverage w1th the,
‘insecticides. However, they volce a note of warn;ng on ‘the -
neceasity for v;g;lance and qulck remedlal measures 1n the 5{

Maduru oya and Glrandurukotte areas (Admln. Report 1980). T
authors hypothesize that 1nuect1c1de selection pressure w111
ebe exerted on the anonhellne 1opulatlon in these settlemeut gr
*'due to the ma;ntenance of heterogen1tg frcn the surronnd1ng ,,5
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TABLE I

QUANTITY IMPORTED AND LOCAL PRODUCTION
OF SELECTED CROPS
(IN 1000 METRIC TONS) _

RICE | CHILLIES ~ ONIONS  POTATOES
" Import Prdd.vx Import Prod., - Import Prod. Import Prod.

1959/60 sh2 61 17509 14376% 10331 3p30ht. 56633 1088
1969/70 537 1106% " 13356 32197" 65862 38217V 186 32446

1979/80 + 189~ 1460 13383 254595/ 18609 79115 11071 s2u51 Y

J Source @ -Department'of Agricﬂlture
"+ Source Census:& Statigtics
Import of Rice ~ Food Commissiongr

Import of onions
potatoes Customs Returns

chillies

i
§.
{

TABLE II

LEATENT OF nlICh ilisLus UNDEL. IonIGATION SCHEMES
(IN UECTARES)

YEAR - MAJOR IRuIGHTION SCHE&EE,f MINOR IRRIGATION SCHEMES
1960 131,676 136,847 |
1967 | 162,602 156,630
1977 208,460 161,051
1980 ' 238,633 . 167,423

Source : Department of Census and Statistics
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TADLE IIX

AGROCEEMICAL REQUIREMENTS FOR 1965

V(C.I.F.Zvalue in_RupeeS)

\ . ' "CROPS o
‘Agrochémicals . Tea Rubber C@éqnqt, pPaddy and Total val.
| | other field

crops

[ 4

Weedicides 1,000,000" " 200,000 - 75,000 350,000 1,625,000

Insecticides  1,200,0000 8,000 90,000 600,000 1,895,000

Fungicides 2,800,000 1,750,000 10,000 30,000 4,590,000

Fumigants & "IQOQ}CCO*.E'
others i “ R ‘
Total 5,200,000 _-4‘975?b90r5175,000 1,000,000 8,350,000

¥49,000 = 20,000 237,000

Distribution

 among crops - 60.9% 23.6% - 2.1% . 12%

.Value’of impbrted material required for local

”férmulation 200,000

8;550,000

Bource : P.Manickavasagar 1979%.
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TABLE IV

AREA UNDER IMPROVED VARIERIES

OF RICE

" AREA UNDER CULTIVATION (hectares)

IMPROVED VARIETY  TOTAL. PERCENTAGE ~ MAHA 81/82 ~ YALA B2
All age groups 789,400 100 506,020 283,380
Resistent Varieties 146,465 18.54 88,630 57,825
G.M. - Bg 400-1 | ' :
Bg 276=5 v
BPH - Bg 379-2 5,570

- 0.71

3,980 1,590

Source Agricultﬁre-Implémentation'

_Progress 1981-82 (M/AD & R)

TABLE V.

MALATHICE IMPCRTS

AGRICULTURE

ANTI MALARIA

Year 50 ec. 50, DUST WP CAHPAIGH
1975 2,275 gals 5 450 T
1976 2,500 gals 5 T ho T

T = +£on
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v.\‘\hldEXn i I
INSECTICIEE RLCOh}ELDATIONo - 1975/26

INSECT PEST R 'MALAZTH.'I'ON‘ * FENITROTHION

N
o

R (Bad)fwf7'“ﬁ.:o;"f?5 E?.:i_wi._ig m—
Leaf folder o” o . |
Other caterplllars - . ;1_ S e
Paddy Field orav L e .
‘Plant Hoppers (BHC) o  “. ov”t:1'
Pentatomid bug x'wv'_. vlaf':': -
Paddy Stem Borer":5 ::;”v DR oﬁ .'___., .
Paddy Thrlps' L if::"";- .ff. f,f-f'i-'}t@?"
Padoy whorl'Megget -
Fruit Fly Vegetable & Mango L
\Auloophora adults

L A R SV | R S e )

4 )

Epilachna

AN <A

. Semi Looper

1

Leaf eat:ng caterplllar

REET S \° S G QU
1

oBagrada bug ,
‘Brlnaal Borer & webber

Lace Bag
COWpea pod borer -
Sweet Potato Tort01se beetle

O AN =S

Onlon caterpillar

’Cltrua lwaf rollef & cater}zll
Mango leaf hOpper

Pineapple mealy bug -
‘;Aphids vegetables

ipobacco stem borer

B SRR TR
!

{

‘* Green bgg'and;oapsjd} S _ '_ -

8 Numbers indicate priority of -use..
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DISTRIBUTION OF RICE FIELDS IN SR LANKA
&
Rainfall Characteristics of Major Rice Growing Regions

Monthly H}ltoqmnu
o
" 75% Rainfall Proba bty
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6=l PESTICIDE RESISTANCE AiD HALARTA COHTROL IN SRI LANKA

Y P.R.J.Herath

(Anti-Malaria Campaign, Sri Lanka)

With the advent of DDT with its dramatic impact on deceases
vectors the flobal concept of vector cbntrOl was revolutionised.
The concept of malariaoeradication'was én’dutcome'of'this.

brl Lanka was one of the countrles whlch relled on DDT for

malaria control as far back’ a5 1946,; Wlthyan ‘initial

experience of an highly. effectlve control the. subsequent aim

of eradlcatlon was almost achleved wzth only 17 recorded cases of
malaria in the country in 1963. The subsequent fallures in the.
control of malaria and the epldemlcs that followed in the later
years was attrlbuted malnly to the development of vector
resistance to DDT. Table X summarloev the data pertalnlng to

the trends in DDT resistance in the malaria vector Anogheles
gulicifacies during the years 1961 1961.~ :

The lmplloatlon of the hlah levels of DDT re$1stance
resultlng in control fallure was reflected by the continued

increase in. malarla 1nc1dence desplte contlnued usage of this.

1nsect1c1de. Thlu nece551tated a changlhln vector control
strategy-the replacement of DDT by more expen81ve malathlon 1n

late 1977.

At present malathlon 15 sprayed as a ro51dual insecticide on
a total coverage ba81s for which the Government incurs an annual
expenditure of approx1mately R8.90 million. At the same time,
fenitrothion has been reserved as the next alternative to
malathion in the event of development of vector resistance towards
the latter. As an early rrecautionary measure to avoid/delay/

minimise early selectlon of A. cullclfacles for resistance to

these insecticides the Government of Sr1 Lanka banned the use of
malathion for all purposes other than malaria control and

curtailed the use of fenitrothion for all purposes.



In addition, a number of currently available alternative

control measures involving the use of biological controi

agents and environmental management epproaches are being
investigated and put into practice in certain limited sifuations.
All these methods being primarily based on larval control, even if
effective, could have limited‘applieability in malaria control
in_coﬁntriesilike‘Sri Lanka, in view of_the nature, extent and

versatality of the breeding sites of g;'culicifacies.

Therefore it is clearly apparent that inspite of the
economic, technieel (resistance) and envirenmental implications,

1nsect1c1des w1ll contlnue to remamn the method of ch01ce,

sPeclflcally in’ 1arge scale applica io 1n'the control of

disease vectors, partmcularly of- malarla, in the forseable

future (unless equelly.effect;ve metbodologles are developed).

Sri Lanka has already experienced the implication of DDT
resistance in the malarie vector.- Thére iS'also awareness of the
1ncrea61ng trends in r951stance development in many vector

species, including ‘those of A‘ cullclfe01es ~from India, towards

malathicn, fenitrothion and other 1nsect1c1des. Considering
these aspects, the Government has recognlsed the need to prolong
the operatlonal life of the llmlted evallable 1nsectlcldes for
Public Health by delaylng/av01d1ng/m1n1m151ng development of ."

reelstance through thelr ratlonal use.-;-f“

The selectlve 1nsect101de appllcatlon belng the most
approprlate approach feagivle for ach1ev1ng this. obJectlve,
the Government of Sri Lanka is te undertake slective malathlon
spray operations in the mularla control programme commenclng
March 1982, on the ba51s of etratlfzcatlon of malar1a1 areas.
In the absence of adequate, rellable ep1demiolog1ca1 information,
the initial attempt will be based on the transmission/vector
breeding potential. 1In appropriate areas, ‘the spray operations
will be withdrawn or applied on & seasonal/perennlal basis,

instead of the current practice of insecticide application on:
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a total coverage basis both in terms of time and epace.‘

Apart from selective insecticide appiication, concepts of
mlxtures, rotatlons, optlmum sequentzal usage of 1nsect1c1des are
'conszdered as p0551billt1es to be 1nvestlgated for the ratlonal
use of 1nsect101des. To attempt these approaches in the long. term
plannlng of vector control strategies u51ng 1wsect1c1des N
1nformat10n is requlred on the 1dent1ty of resletance mechanlsms
with broad cross re31stance bpectra, 1nsect1c1des llkely to
select 1Loge,;v the preuonce'cjﬁ,rreu rency ef &ifTersnt
resistance factors, geographlcal varlatlons, importance of
species characterlstlcs etc. At nresent, with the exceptlon of a
limited anopheline spec1esm, most of such 1nformat10n is based on
house~flies,. Therefore related 1nformat10n 1f obtained from ‘
as many populatlons/spec1es from dlfferent geographlcal areas/
countries where‘res;stance has.already developed would be

extremely useful.

Gon51der1ng all these aswects, the studles related to
insecticide Ieslstance currently attempted 1n the malarla

control programme in Sri Lanka 10 as follows.

8. monitoring vectof résietance to malathion in terms of
its busceptlnlllty t<tu and aehav1our in attempts to
detect carly appoaiJnce of reulttqnce t nalathion in
the population (the pxogramme ic piven in annexe 11)

b. If and when malathion resistént inditiduals ere

+ detected, monitoring changlng trends in resistance

levels and studylng the characterlstlcs of the re51stance(s)
involved,

c. Establishing sperational implications of higher levels
of resistance for consideration of alternative counter
meaéﬁres, _

de menitoring susceptibility status towards other candidate
insecticides available for public health i.e. fenitrothiom,

chlofphoxim, pirimiphos-methyl, propoxur, dieldrin, etcs
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e. monifqring chénging trends in fesistant levelé to DDT to
determine possible revefsion-té éusCeptibility;'
f. making an attempt to, determlne the nature of malathlon/OP  ¥
v re51stance mechanisns and,relevant cross re51stance-
spectra in populatlons 1s dlfferent anophellne spec1és in -
vSrl Lanka (in partlcular ko cullclfacles) under varying
conditions of selection pressure as guldlng 1nformat10n
1nformat10n to 3ust1fy the bannlng or curtallment of '

malathlon and fenltrothlon 1n'”1rilulture, in view of

the nature of breedln. and restlng hablts of

A. cullclfa01es, and

'clarlfylng early (1f fea81ble) the fea31b111ty of u51ng

‘fenltrothlon or other candldate 1nsect101des for the

~control of malathxon reslsta populatlons of

A cullclfa01§sv-1f eventualhy e'éountered in the country.

According to the resuits obtained so far (Table 11)

‘ A. culicifacies din Sri Lanka has developed resistance towardﬁ

only DDT and remalns susceﬂtlble to dleldrln (BHC), fenltrathlon,
malathlon, chlorphoxim, etc. (Table 111). ‘Among other anophellne
species prevelent in the same areas A. subplctus and A. hxrcanus‘-‘
(mostly nigerrimus) (Tables IV & V) ‘have so far shown resmstance
to malathion, feﬁitrothion, chlorphosim, - DDT dieldrin, etc.

A. barblrostrls has shown reolstance to malathlon, the other

1nsect1c1des have not: heen teuFod.‘

Usage of DDT the'only reésidual insecticide'used for
malaria control until late 1977, is undoubtedly the maaor
“‘contrlbutant in the selection for DDT resistance in this
.hlghly endophilic vector species. Although a variéty'of'insecticides
are known to be used in agriculture there is no direct ev1dence

so far to suggest any possible selection of A.cu11c1fac1es by this

means. In generul, contawmination by ag gricultural pesticides,
and therefore selection in the usual breeding sites of the
species is likely to be minimal. However, the increases in

~ levels of DDT resistance encountered in the periods 1963=-1968
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(Table 1) when DDT usage was withdrawn for malapia control

and the reports of the presence of organochlorine residues such
as endrin,baldrin, etc. in the water resources which are the
breeding sites of mosquitoes could sufgest possibilities of
selection to a certaiﬁ extent by agricultural pestici&e usage.l_
The stability,of the organochloriné'inSecticides should‘be noted

in this context in comparison to the organophosphates.

Anopheles subpictus being endophilic (Table VI) and more

versatile in its breeding habits (Table VII) is likely to be
sub jected to seléction pressure by pesticides used for'agricultura

-as well as for malaria control. g;'heranus.and A. barbirostris,

both highly exophilic, are mot likely to be selected by
malathion used for malaria control. _The nature of breeding
habits (Table VII) could however, favour selection by

agricultural pesticides,

There is no‘strong direqt evidence so far from the limited
experience and information to suggest possible selection for
resistance in the malaria vector fro& agriculiural usage of
pesticides in Sri Lanka. ' It seems unlikely that the extent of
agricultural usage of pesticides‘could be comparable to that used
on cotton plantations in Turkey or El Salvador. However at
present it is difficult to forsee-the'implications following
changing patterns of agrocultural practiCQS, water‘managemént,

etc. following the completioﬁ'of théjhéﬁ?development projects.
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ANNEXE I

INSECT ICIDL SUS CBPTILILITY/R ESISTANCE
PROGRAMME CUR}ENTLY ATTEMPTED IN
MALARIA CGI“RvL P{OGRAMM N DRI LANKA.

‘1. Early detection of malathidn resistance in Anopheles culicifacies:

1.2 Programme to attempt improved coverage in‘space:

Health Area: |Total Né. of Po. of vmllages/lNo. of v1llapea4 Apnrox1mate

villages in. localltlev localities coverage

|existence: |sprayed 1n_'81: }éxamined in '81:(villagéwise

!

Numher of Vlllages/Localltles examlned per Health Area will

be in proportion to the numbe  4 lages sprayed in the

respective health aregs. For examplé 1f Health Area 'A'
has 100'villages_8prayed and ‘B' 1000 villages sprayed,
more villages should be:tested/examined in Health‘areai'B‘.

Programme to attempt improved coverage in time:-

1.2
(Monitoring trends’inkmalathicn suséeptibility tests).
Health Area: | Locality : Dates of testing:

N OTE ~ A periodicity of 6 months per locality is planned.
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ANNEXE II

For optimum utilisction of 1imite¢ facilities such as grained

manpower, finances etc., 1ocalities examiqéd for early detection
'of malathion resistance“ are seledtéa OH the followiﬁg“brder
of priority:- - ' '

(i)

(iii)

'(;'u})

(v)

areas, with Eosszble 1nadequate vector response to
malath10n/w1th hlgh vector densltzes gplded through reports
of areas with -

(a) hlgh'malarla incidence

(b) Plasmodlum falC1pdrum f001

(c) per51stance trnnum1581on

The abaove 1nformat10n is .to be obtaaned through the

‘countryw1de case detectlon operatlon.,

areas considered to have maximum selection pressure
i.e. with maximum spray coverage.
This information is to be obtained from spray .

operational section.
localities where resistance to DDT was detected earlier,

any area v1smued for entomologlval 1nvest1gat10ns

1nclu81on of those visited for trend observat1ons.

localltles whlch can be considered as hav1ng potent1al

for hlgh vector breedlng/denultles."

In monitoring changing trénds'iﬁ5f68§5£ant levelé‘fo
DDT (to determine possible :evefsion't¢ susceptibility)
a programme comparable to that in 1.2 is attempted.



IABLE T

DATA ON DDT SUSCEPTIBTLITY TESTS FROM
' 1961 - 1981

- Anopheles culicifacies .

YEAR  Range of % Mortalities at 60

minute exposure - to 4% DDT

e T
1966. 97 = 100
1968 74 - 100
1969 . 32 - 75
970 1k - 58
1971 . 12 - 59
1992 . 21- 53
1975 25— 5t
g7k a8 o sy
1975 . 13-
1976 - 35 -
1977 S 13 -
1978 16 -
1979 12 -
1980 . 21 -
1981 12,5 - 100
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.

Boeults of insectinide susceptibility Wwioshoving' sortalitiss of different anopheling nosquitoes to mlathion
{ ¥ eomcentmtion] ieprognated papera using 30 mimuted expoeure period (1980-1981)

A
1

———

Health Aren 8 As,oulioifacics An,varons T An.sadpiodug An hyreemms : An,sxvlaris An, vegud

1990 19m 1980 1981 1380 1981 1366 19, 1980 1961 1980 1961 1960 1961
- - 15,0008}  6£.6{02 75.0{12 - 100(10) - No.oCB
Hngursigote W% w(ag)  10(30) ooty L WWW - WMW%M 75.008) Sw 7. ?ow - . - .
Dambulls 05 - 100(16) - - - 1006 19 - - - - - - -
Argprai ) a3 w{%.) - a - W 70 - - - - - -
Gokzrells 190{ 10} z s - - w - 77.6(67)= - - - 100{10} - -
71.H -.ww
c o(36) 81. K72 i . . -
endanegedmn 08 - - - - - - 0. - - - .
- 3 X o 00(07)  200(83) 88.0{50) ', - -
Polamswrs upw 100{06) 100{03) 190(10) 75,0(04) 100{28) wwwmwwww 100{¢5) P T )
Variyspola ) 100{06) - - - - - wSASV ﬂ%vﬂu - - - - - -
Bashen tots 100(62)  10a{73} 100{10) - uSMmam 42,5092 76.8{114) ss.0(a4)  100(250) Co. 100(20)  100(25) - o
. S ‘
Thirurkeil % - - . M - - 20) - - - - -
Honersgala - 1 T 100{57) - 10 sw - 95.210) oz .W%Msg - 100(220) - - -
Mellaitiv 04). - 1010)- - 100{36)  150(14 16,0{50)x SUABSIEN YN 121 BN R W%Mﬁn - - -
u».ww»owv . 117) .

. 60,0(25) N
uﬁlﬂi E- "—%M% 100(09) - 96.5(39) 100010} Rsv ) .szxxb 0(50) = sxma - - - -
Puttalen 16 Bo{2)  1o(22) WO 62 o35 I Mk = 00(zm)  200(55) . 200(150)  89.3(67hx - &15(115)

Cseile . 100007 : - - - ©.2036 - 52,0(50 = o : 83.3(%) - = -
B S‘wwwﬁw : . £7.3(208) -
Fawelapi ’ . 117 ucv . 90, mbv‘ . - - - - v -
Kaalz e : - w%MoHNW ST t00{u) 8" »..wu.Ma 95.8(46) - 100{20) - 20.0{20)  9%e4{27)  18.0(32) - -
. o 80.8(3} .
- W3(16 200{15 - 100(21) 100{ 12)x - 834(54) -
Kekirawe wo(04) 100(15) 99.6(251) 100{70) w%mwwﬂw 99.3(163) omm?.wv oy MMS )
Byttota - - ﬁﬂo - - ) 93,3(17) - - - 50.0(08 o - -
iy - 10(22) 10 - 39.2(25) - ot - - 100(07 100(89) : - - :
Tenzalle - - - - »wm SM .- 93.%14) - ! yow z - - - -
Batticalos . - - - : woo ﬂ ) - 100(131) - - - 100(15) - —SCWW -,
Talaichohnal - - - - qoM " 93.0020) - - 100(35) 200(17) - - S.NA <
Favatagus - - z - %A.v onSx S S 100(10) - - 100(10) 100{08) - -

. o 100(25)e -
atare - - - - ) - - 10{25 - - . - . - -
ArnraSupim - - - 1 .6(59) - 13.2(112) F%M ﬂw 98,4(133) - 100(92) - 100{45)
Kuranegala - uﬂ&nomv - iowu - iwmvw ww.« wm % > NM . ! 95.2(20) - - < < -
Hedasahamremyn de, MM. mu iuuv _ - .

- - - 954 - - X - - -
alasmal - - - - ‘- % - - - 42.9(14) - -
Talam O : : : : : wo(i2) T " : : 4 :
Yattogam - - - - - - 92, ~mM- - - - - - - -
Resbukiom - - - - - - 80,0{ 20 - - - - - - -

Toxczsyme
Kilinochah{ - - - S - - 100{1e - - - - - -
— T ey o D SEm T Bk o e I :
ﬁn,@ 84.2(38) 125)
gt - - - - - 10 - 200{20) - - - - - -
Toint Pedre - - - - - 12 - 0,0(20) - - - - - -
Pl : - - 5 I ms - 100(20) - - : 100(50) - -
g ttognen - “ “ woonklwu H H “ - - - - 80,0{10) - -
Polmhavela - - - - - - - - - - - 100(10) - -
Bindarewela - - - - - - - - - - - 100(20) - -
“eligama -
- - - - - - 100(42) - -

;
5
?
:
;
£
?
-
;
1
?



PERCENTAGE HORTALITIES OF 4ILD CAUGHT ANOPHELES CULICIFACIES IN ANGUN ARA,

AMBANTOTA HEALTH AREA TC VARICUS INSECTICIDES FOR DIFFERENT BXPOSURE PERIODS

- II1

TABLE

Insecticide &

Exposure time in minutes
Comcentration o1 s 7% 70 5L T TS so_ s o
“¥aiathion k5.6  58.7 72.0 800 89.6 59.0 7.9 100.0
5.0% (195) _ {(327) (376) {100}  (97) (304) (ak7) (264) -
Fenitrothion 177 62.9 8%.1 95.3 100.0. 99.1 - 100.0 -
1.0% (362)  (388) (3hly) (149)  (50) (34h) (175)
Chlorphoxim . 79.Q 100 - - - - - - -
 5.0% (298)* (50)
: _ 1004 (50) ,
Fenthion , 8142 98.6 S99, 4 - 100. - . -
2.45% __(501) (293) {197) (206)
DDT , - 5.0° - - - - 1.5  35.7
( L, 0% Amov (95) (1265)
o . . m.w..w*;
@ ‘ . v : o (219)
' Dieldrin 120 28¢5 85.2 - 92.0 53,0 100.0 100.0 100.0 100.0
| 0.h4%h (125) (208) (122) _~ (75) (100)  (100) (50) (100) _ (75)
Propoxur _ 19.7 67.7 87.8  98.9 - 10040 - 100..0 -
0.1% (223) _ (406) (361) Aomv (165) (45)
Deltamethrin 80.0 98.0 96,0 100.0" - 1000 - . 100.0 -
0.025% - (261) (254) (25) (20) (63) (20)
Permethrin 0.0 Se0 105 - = 16.8 - 54,0 77.0
0.05% (100) (99) (95) N (89) (100)  (96)
: 100.0**
. . (99)
* . 1 minute exposure **  _ 120 minutes exposure- () = sample size..
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PERCENTAGE HORTALITIES OF LABORATORY DBRED

TABLE © IV

(F1.GENERATICHN )* FROM ANGUN ARA IN HAMBANTOTA LEEALTH AREA-

TO DIFFERENT II

o
{3E

CTICIDES FUR VARYING EXPOSURE

PERICDS

&

Exposure time in minutes

Insecticide
Concentration — :
S : 5 7% 15 30. 60 120, 2ho
 “Malathion 1.8 6.1 - 22,2 23,0 1.0 79.6.  100.0
5,0%. (110) (973 (126) (139) _(200) (123) (91)
Penitrothion 0.8 2.6 19.3 27.7 . 56.3 €3.9 - 100.0
1.0% 125y (76)- (150) (101) (87) (156) (160)
Chlorphoxim 25.6  7V.7 80.3  98.0 99,0 987 -
5.0% (109) (99> (122) (105) (102) (80) -
D.D.T. - - 4,é - 0.0 - -
L,0% - (21). (L0)
Propoxur . 6665 74,6 96.1 96.9. . 100.0 - -
v _(%0) (72) (99) (k) f

(. ) - sample size.

P Hﬁmm,dWWb.Oﬂm.QW%

old adult males and
- females tested.



TABLE V

PERCENTAGE MOKTALITIES OF WILD CAUGHT AKCPLILES HYRCANUS GROUP
(MAINLY A.NIIGERRIHUS) FROW CONNULLA IN KUKUNEGALA HEALTH AREA
PG DIFFERENT INSECTICIDES FOR VARYING EXPGSURE PERIODS

Insecticide & _ _ ' Exposure time in minutes
Goncentration =g a5 50  h550 60 70 8O 90-55 120
Malathion .= 2040 © 65.0. . 91.0 796,00 - 7 96.0 10040 -
54000 - £20) - €159) . (43) - h9) - (25) - (53) -
Tenitrotiion . = - ~ 20 26,0 67.0 ©  She2 72.0 - 9566
__1.0% L qes) o (as9) . (h9) - (48) (25) - (63)
Fenithion . - 52 6548 - 7645 S 91.6 9C.0 100.0 -
2. 5% (25). - (158) .. (47) (48) (20) (55)_-
" Dieldrin - (o e o 4,0 - o - . S0 125
. 0.8% : . o o (25)- o . (25 (2h)
t- Decamethrin - 3,7 . 5643 - 673 80448 - 8%.3 - 95.5
o 0.025% : (23) - (160) (49) (46). (2) 67)
B “Prpoxur - 9540 81,6 = 08.6 90«5 958 - 98.h
K 0e1% _ (g0)  (153) _ (53) (i) (24) - _(65)

¢ )= sample size..



- 183 -

PABLE VI

RESULTS OF PYRETHRUN SPRAY SHEET COLLECTIUN SHCWING KUMBERS OF
INDOOR RESTING ANOPHELINE HOSSUITCGES

.\Um%m after W‘oswwoww. Wym¢¢WWOﬂ¢m A.varuna A.vagus A.hyrca- Wmmubswmuwm A.tessa-
spraying facies - nus group’ latus
1-30 82 (30) 1243(284) 201 39(7)  h(0) 0 (0 00
31 - 60  34(151) 1973(267)  13(1) - 22(2) 30 6(3) 0 (0)
61-90  364(8L) 2130(326).  B(0)  16(1) 2 (1) 5 (0) 0 (0)
Beyond 90+ 1250(304). 63kG(1072) 28(3y  15H(11)  LG(2) - 01(0) 2 (0)
unsprayed , . . . ) o
TOTAL. 20k0(64S) 236(21)  49(k) 10(3) 2 (0) -

11695(1549)  51(5)

( VYI Hales.
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TABLE VII

RESULTS OF HABITATWISE HWW<WB COLLECTION FCR rzO%EMHMm SPECIES - 1981

Paddy. Irri-  River wM40H\, Rook Gem Rain Foot/ Bur- Wells
fields : gation Dbed Stream Pools pits water hoof row
_ Chan- pools  Margi gro- pri- Pits
- nels- ns und nts
- S pools .
~A.culicifacies 0 137 .w#w. 61 9 2 31 0
A.subpictus 618 345 16k 62 386 67 41 0
A.vagus 358 239 W7 k2 111 87 285 2k 32 0
A.varuna 260 67 216 4k k0 24 22 3 0
 A.barbirostris 124 8- 3. 4 9 2 o o© 0 0
A.gnpularis 10k 690 21 67 22 4 52 32 23 0
A.pallidus 21 - 1k 25 25 o o 10 0 0 0
A.pigerrimus 289 93 53 52 28 11 113 22 59 0
‘A.aconitus 30 o 0 0 23 0 o o0 0. 0
A.tessellatus 11 17 100 9 2 0 o 0 0 o




TADLE VIII

ANCPHEELINE ‘;Cbkhbljbhs CGLLECYED

__RESTING OUTDOORS IN 1981 .

SPECIES

NUMBER
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6.2 USE OF INSECTICIDES TO CONTROL THE VECTORS
IN MALARIA AND FILARIASIS - DESCRIPTION OF QHE PKOBLEM
_IN SRT LANKA_

by K.Subramaniam -and

'_M.V.Sam&fasinghe

(Anti-Malaria €ampaign, Sri Lanka)

The two;major,%ector borne diseases in Sri Lanka that use

insecticide to control the vector are Malafia and FilariaSié.

DDT has been uséd against the vector A.culicifacies in

malaria siqce'1946. Within 2 years the number of gases of
malaria had dropped from 2.7 miliion tp-léss than one million
and 5 years later in 1953 only a hundred thousand cases were
reported. | - o |

Similar:dramatic'results.wefe achieved in all countries
of the South'Eést Asia Region, Then on the expert advice of
the WHO the activities of the Anti- Malaria Campaign -
‘1ntenu1fled and altered to acnleve a new obaectl“e ie€e the

complete eradlcatlon of malqrza 1nstead of cont”ol.

The resultu were uject cular in 1961 barely 5 years
after launching the eradication nro{LANme there were only a
few more than 100 cases of malarla. During 1)62 there

were only 32 and in 1903 only 17 cases.

Equally exiiilarating results were reported from
neighbouring CQuptries. Then somethingrwent wrong: In
Sri Lanka the case load’weﬁt'up fr5m71? cases in 1963
to 150 in 1964, 306 in 196%, nesrly 50C in 1966, almost
1,000 in 1968 and more than % million in 1969. This pattern
of increase was also scen in other countries in the region at

the samne time e.g. India, Indonesia and Philipiines,
. S - k4
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For it was soon discovered thzt the malaria mosquito in
each of these countries had become resistant to DDT° -In
Sri Lanka this was firsp recorded in 1968. Subsequent studies
'in the later years on the practlcal 1mp11cat10ns of increased
resistance levels whlch proved cqntrol failures with DDT
necessitated the use of malathion - brought in as the only
chemical inv1977.

Malaria control expenses have increased significantly
since than. With DDT the cost was only US S 0.5 per house.
With malathion the cost is 145 dollars per house and the

price of malathion is escalating'Qith the energy prices.

If the mosquito A.culicifacies was to develop resistance

to malathion the cost of spraylng per house is as shown below,
provided the resistance pattern. allows the use of these

candidate insecticides.

1. Fenitrothion US 82

2. Fropoxur Us s 10

3. Acetellic

It has cost us approximatelylﬁég90 million to import
malathion for the 1982 programme. This is roughly 7% of the
Health Buiget and 0.24% of ke National Budget. Could we

afford to continue purchase of insecticides at this price?.

A.culicifacies has élready developed resistance to
malathion in certain areas in India. In addition there is the
inereased cost of newer insecticides and better protective
me&sures'provided to.workmen which are necessary and have to be

considered.

A rapid rise in the usage of pesticides in Public

Health has also given rise to additional health problems,
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About 14,000 individuals are poisoned by pesticides in the
U.Se annually. 6 000 serlously enough to requlre hospitali~
sation. ot the 1# 000 pcisonmng about 200 fatalltmes occur
(1 ) . .

: annually.

In addition to the direct effec£s are,thé indirect
public health problems associated with pesticides used on
crops. For example»the extensive use of iﬂsecticides on
cotton in théicoastal'plains-df Central Amefica has resulted
(A. alblmanus the vector of malarla) in the evolution of a
mosquito populatlon that is hzghly reszstant to a wide range of
insecticides. ' ‘

It 18 oastmated that house spraylng wlth DDT in Central
America cost only § 1-2 per house. After the mosquito
developed resistance to DDT, propoxur was substltuted and the
cost of house apraymng 1ncreased to about $ 11 per house, If
Landrln were to be used this would cost $ 22 per house.,

The most 1mportant factor respons:ble for this.
phenomenon of resistance in Central Amerlca is serial spraying.»
Thus most of the coastal plains habltats including the
mosqultoes' aquatlc habltats have been contaminated with
cotton 1nsect1c1de. “The mosquito populatlon has become
highly tolerant to a wide variety of 1nsect1c1des, resultlng
(2) Prof. Goorbhiou wzll

elaborate on these points in his- paper.. Fortunately seraal

from such intense exposure to them.

spraylng 15 not in vogue in 8ri Lanka and if I do. remember
right it was used once in the East Coast for the Brown hopper

pest of paddy at s time when DDT was used for malaria control. -

During the last 3 decades the asec of chemlcal methods for
control of insect vectors of dlsease, con51dered a great

advancement, must be, besides that in ggrlculture.

In theffiéld of malaria befbre,Such chemical control

programmes started, malaria was endemic in 148 countries and
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by the end.of 1974 it had been officially eradicated in 37 of

these countries.

As_iS‘well.khown, however, the high hopes of total
eradication have failed and the position while somewhat
stationary ih'some'areas, is regressihg in other areas, The
continued success of control of vectors of Public Health
importance has been impeded by the growing prbblem of vector

resistance to pesticides.

In addition to resistance, as might be expected with ahy
new technology, health and environmental prbblems_havevalsd
been recognised. These have'beén'the proﬁlems of human and
anlmal pesticide poisoning and the problem of human and environ-
mental pesticide re81dues ao8061ated with the more persistant
pestlcldes. All three i.e. resmstance, poisoning and persistence
are of mutual concern to Medical and.ggpacultural sciences and the
common problems emerging frdﬁ“ﬁhésé:iééﬁéé'are reasons why
integration of the disciplines of Agrlculture and Health is a
vitally necessary union not only for the ultlmate production cf
good food supply and good health, ‘but also for the resolutlon of
other problems that have arisen and are llkely to arise in the

future.

How can the economic benefits wiich accrue from the use of
chemical control in Public Health be reconciled with the increased
incidence of human p01son1ng and the human and env1ronmental

problems?

This is where the agro-médical approach comes in, for the
problem of human poisoning is of equal concern to agficulture
and health., The same is true with regard tq the problem of
persistence, for an exceSSive pesticide residue in food will
prohibit the sale of food and the occurance of human pesticide
residue or the occurance of delayed neurotexlclty 1s an
eventuality of special concern in medicine. leew1se, where

resistance develops not only is it a proklen for the farmer but
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it is one of increasing concern to Public Healtl workers and is

one factor contributory to the resurgence of malaria.

In all three areas ol pesticide management which are of
special publlc health concern - hunan poisoning, bod; persistance
of pesticides and vector resistance ( with malaria reuurgence)
integrated pest control strategies offer the greatest prosyect

for resolution.

The Sétting'up of an agro-medical'brganization frame work
at national, regional and local levels could significantly
reduce such episodes. In the areas of persistence and resistance

(3)

too, medicine and chenmis try have much to offer.

In conclu51on it is nelther the common problem nor the
threat of an enforcement organization whlch would divert the
organlzatlonal respons;blllﬁles ‘of peotlclde management to an
independently new organlzatlonal unlt which should integrate the
partnershlp of agrlculture and health ‘but it is the inherent
skllls, knowledge and potentlal which both dlsclpllnes possess,
which will be of ultlmate beneflt to 1an and hlS continued:need" to 

find enough food and better health.
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