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SUI.,IMARY

The po ss j bl e control of adul t Hel i oth'i s punctì gera and Hel i oth-is

armi gera j n fl i ght, by drift'ing a cloud of small drop'lets of
'insecticide across the canopy of a cotton crop at night, during the

time of peak moth act'ivity, has been ìnvestigated.

Two i nsecti ci des , feni troth'i on techni cal and fenval erate, were

init'ia1ly tested for theìr effect'iveness against adult Heliothis spp.

with a bìoassay involving top'icaì applìcation. Fenvalerate proved to
be the most effective, with an LD50 of 0.21 uglg body weìght, and was

theref ore chosen f or use i n the spray trì a'ls f ormul ated as Sumi ci d'in

ULV (active ìngredient: fenvalerate a0 g/l ).

Sìx spray trìals were carried out on consecutive nights, between 2100

and 2400 h. The trials were conducted under condìtions of inversion
and 'l 

ì ght wi nds - typì cal of the I ocati on (northwestern N. S. l,,/. ) and

tìme of year (January to March). The dropìet cloud was created by a

spì nni ng di sc atomi zer mounted on bhe back of a four-wheel -dr'ì ve

vehì cl e.

Ihe moth popu'l atì on vvas est'imated by f I ush'ing them f rom pl ants a l ong

transects within the crop and by pheromone traps: egg counts were

al so made. Anaìysì s of the spray trì al s showed that 'it was poss'ibl e

to drift an insecticide at lethal concentrations across the crop

canopy underinvers'ion and ì ì ght wi nds at nì ght. Moth numbers were

unusuaììy ìow, so the effect of spray'ing on the moth popu'lation and

egg lay could not be determined.
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INTRODUCTION

The I arvae of many specìes of Lep'idopterous 'insects damage crops.

pest infestat'ions are 'initìated e'ither by ìmmigrat'ions of adults

other crops and/or natì ve vegetati on w'ith'ì n the area, or over

di stances (lrJardaugh et al . , I 980 ) .

Two of the prìnc'ipaì pests of the cotton industry in Aus tral'ia are

punctì geraHel i othi s armì gera ( Hubner ) ( cotton bol 'l 
worm ) and Hel i oth'is

(Wallengren) (cotton budworm) (Lep'idoptera:Noctuidae) and their control

i s one of the major product'ion costs. The 'l arvae cause damage by

feedìng on the terminal leaf buds, squares and bolls of the cotton pìant

(Wilson & t,.laìte, 1982), resulting in either a loss of plant uniform'ity

or yìeld loss.. A sìngìe adult fema'le H. armìgera can ìay up to 700 eggs

a day, w'ith each resu'l tì ng I arva capabì e of destroyi ng 18-24 f ruì tì ng

points in ìts I ifetime (Rendel I , .l980). Insect'ic'ìdal control of the

spec'ies is usuaì'ly based on a residual spray deposit to ki'll the larvae

(Rendell, 1980). However, the larval feeding hab'ìts often make

effectìve control w'ith insecticìdes difficult because the parts of the

plant on which they feed protect them from contact with ihe chemical

(Broadìey, 1977). For the residual spray depos'it to be most effective

it shou'ld be evenly d'istributed over the leaves on each plant w'ithin the

crop. Even spray drop'let cover and penetratìon of a crop ìs difficult
to ach'ieve and ìs a problem which is constantly before the spraying

industry and research workers (Symmons, pêrS. comrn.).
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I.armìgera has become resjstant to a number of insectìcìdes such as DDT

(Broadìey, 1977) and synthetic pyrethroids (Anon., 1983) but 1.

punct'igera has remained susceptible. Resìstance is caused by a

comb'inati on of geneti c f actors, bi oì og'icaì and behavì oural

characten'i st'ics and the method of i nsecti cì de appl i cat'ion (Georghì ou and

Tay'lor , 1977) .

Little attention has been given to controlìing the larval'infestations

by spray'ing the adul ts and preventi ng ovi posi t'ion. Ni ght sprayì ng

agaìnst flying ìnsects has been used successfulìy for some t'ime agaìnst

stored product pests in confined areas (Himel, 1969); the air space ìs

f i I 'l ed wi th an aerosol spray rel eased at the preci se t'ime of pest

actì vi ty .

S'im'ilarly, control of Heliothis mìght be achìeved by drifting a cloud of

smal I i nsect'ic'ide dropl ets across a cotton crop when the moths are

fìyìng. Insects 'in flìght are efficient collectors of smal'l droplets

(MacCuaig, 1958, 1962 and Spiììman, 1976) and so perhaps the moths could

be killed by a smaller amount of insect'icide ihan is applied

conventìonaì'ly to a crop to k'ill the larvae. The conventional method,

re'lyi ng on a res'idual depos'it of i nsecti c'ide, ì s ì neff i ci ent and

requìres a relat'ively large amount of chemical to be applied to a crop

so that all parts of the crop are covered by a lethal dose.

The control of H. armì gera by ki I l'ing the moths 'in a cl oud of sma'ì I

droplets (volume mean diameter (vmd) 40-50 um) has been attempted in

Thailand (Rendell, 1980). The cloud was produced by a portable, rotary

atomiser sprayer mounted at a fixed point'ìn a cotton field. The sprayer
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was attached to a wì nd vane to ensure the nozzfe ori ented downwi nd and

timed to operate for 30 seconds'in each hour, from .l830 - 0630 hours.

There were two control p'lots, both treated once a week by convent'ional

depos'itìon spraying. One of the plots was sprayed throughout the

experimental period to control Helìothis larvae; the other was left

unsprayed during the. ear'ly season and then sprayed princìpaììy to

control suckìng insects. A uniform d'istributìon of droplets was aimed

for by havìng a swath width of 3 rows and carryìng the sprayer along the

rows with the head I m above the crop.

The ef f ect of spray'i ng was determi ned by esti mat'i ng egg and I arval

numbers before and after spraying. The results showed that ovipos'ition

had been encouraged in the night - sprayed p1ot. The deposìtìon of

spray vvas uneven i n the ni ght - sprayed p I ot and overal'l Hel i othi s

control was most successful in the plot that was sprayed uniformly once

a week aga'inst the larvae.

This investìgation followed on from Rendell's r¡rork and a'imed to test

whether an 'insectì cì de, âS a cl oud of smal 1 drop'lets, coul d be dri fted

over a cotton crop canopy at n'ight so that it formed a uniform blanket

above the crbp.

The investìgation also aìmed to investìgate whether the'insecticìde

cloud produced in the manner described would kìll H.

armigera moths.

puncti gera and H.

The sprayì ng techni que, used

practi cal for the farmer,

i nvesti gati on,

unl i kely to be

in this woul d not be

prepared towho is
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ci rcumnavì gate crops f or I ong peni ods at n'ight. It i s an 'ini tì al

i nvest'igat'ion f rom wh'ich many quest'ions ar j se on the bì ol ogy and

behaviour of He'liothis spp., the effects of sublethal doses of

insect'icide on these insects, as wel I as the econom'ics and mechanics of

a spray technique to be desìgned w'ith the knowledge ga'ined from this and

subsequent i nvesti gatì ons .

AIMS

This study aims to examine a number of hypotheses:

That a spray

remai n al oft

cotton.

cl oud consi stì ng of smal I monosì zed drop'ìets wì I I

at a gi ven hei ght and across a specì fì ed area of

2

3

4

That the chem'ical rema'i n'ing al oft wi I 'l be suf f i ci ent to ki I I

Hel i othi s adul ts across the ent'ire p'lot.

That the adul t popu'lati on wi thì n the area sprayed w'il I be

suppres sed .

That the egg ì ay w'i1'l be reduced and hence the I arval popu'lati on

be suppressed.
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Chapter I

BIOASSAY

.l.I 
INTRODUCTION

Li ttl e i s known of the adul t'i ci dal qual i t'ies of many i nsect'ì c'ides

because most toxjcìty testing 'is carried out with Iarvae. Very few

'insecticides regìstered for use against Helìothis spp. in cotton are

quoted as having a spec'ific adult activity. To find a chem'ical that

would kill adult Heliothis spp. for use in the spray trìa'ìs, three

i nsect'ic'ides were tested i n bi oassays i nvo'lvi ng topi caì appì i catì on.

They were fenitrothion, fenvalerate and cypermethrìn.

Fenìtrothion techn'ical n28% w/v), Bayer (Australia) Pty Ltd, is actìve

agaìnst a varièty of adult'insects and is readiìy ava'ilable.

Fenval erate i s a syntheti c pyrethroì d reg'i stered for use agai nst

Hel i othì s I arvae, 'in cotton, ôs Sumi cì dì n ULV (act'ive ì ngredi ent:

fenvalerate 40 g/1), Shell Chemical (Austral'ia) Pty Ltd. Fenva'lerate

has prev'iousìy been used for adult b'ioassay w'ith some success (Gunn'ing,

pers. comm. ). It is the lowest in act'ivìty of the synthetic pyrethro'ids

used agai nst Hel i othi s spp. and I ess tox'ic to handl e. Th'i s qual ì ty was

'important because the spray'ing technì que used necess'itated a 'l arge

amount of handlìng of the chemìcal.

Cypermethrin is the most actìve of the synthet'ic pyrethro'ids aga'inst the

larvae of Hel'ioth'is spp. (Edge, pers. comm.). The high tox'icìty was

considered an advantage because the moths were covered in hairs and
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scales wh'ich could have prevented al ì, or a proport'ion, of the chem'ical

which 'impìnged on the ìnsect from beìng absorbed.

Unfortunate'ly the cypermethri n v/as d'iff i cul t to obtai n and a quant'ity

was obtained on'ly after the number of moths in the fìeld popuìation had

declined. A suffic'ient number of moths could not be obta'ined to conduct

trials with all three'insecticides. So cypermethrin was om'itted from the

study.

1.2 AIl"lS

(a) To choose, f rom f eni trothi on and f enval erate, the chem'i cal w'i th

the h'ighest eff ecti veness agaì nst adul ts of Hel i oth'is spp. .

(b) To est'abl 'i sh the I ethal dose (1D50 ) f or the chosen chemi cal

aga'inst adul ts of Hel i othi s spp.

1.3 I'IETHODS AND I.IATERIALS

Tinre and location of the experirrents1.3.t

The moths were trapped and the bìoassay carried out at the New South

Wal es Department of Agri cuì ture Research Stati on at Trangi e i n

northwestern New South Wales. The experiments were run from l0/5/85 to

20/5/85 i ncì usì ve, during the t'ime when the Hel i othi s spp. acti v'ity ì s

usual ly hì gh.
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1.3.2 Moths

The moths for the b'ioassay were caught in traps, rather than raised ìn a

ì aboratory cul ture, because 1 aboratory f ac'il i t'ies were unavai I abl e at

the t'ime of the experiments and the time avai I abl e for th'is study was

lìmited.

The moths were trapped at n'ight over irnigated Iucerne which was ìn

flower. The average crop heìght was 45 cm wìth approximately 80% ground

cover. Texas pheromone traps were used (Plate l.l) as these were more

effic'ient than the traditional funnel trap (Gregg' pers. comm. ) and

enabled the moths to be caught alive and undamaged. To al'low for any

changes 'in w'ind d'irectìon overn'ight, the traps were pì aced in the centre

of the crop and erected so that the entrance to each trap, and the

pheromone 'lure', were level w'ith the top of the canopy. The traps were

emptì ed each morni ng at 0730 h, before the temperature rose above the

lìmjts of tolerance of the moths. The moths were dosed on the day of

capture.

1.3.3 Rangefinding tests

Rangefinding tests, OF short-term bìoassays, Were carried out to

establ 'i sh whi ch of the ì nsect'ic'ides, f eni trothi on and f enval erate, was

most act'ive aga'inst Hel'iothis SPP., and to determine the approximate

range of doses to be used'in the defìn'itive tnials. The upper limit was

to be at 85% mortality and the lower limit at l5% mortalìty.
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0ne percent stock solutions of Sum'icjdin technical (fenvalerate) in

acetone and fenitrothion techn'ical in acetone were made and refrigerated

for use throughout the trì al s. The same stock sol uti on was used

throughout to reduce errors 'in d'i I ut'ion. Seri al di I utì ons of thi s base

stock solution were made using acetone and a "control" treatment of

acetone on'ly was 'included in each trial .

The concentrations used for the ìnitial rangefind'ing tests were:

1.0%, .1%, ,01%, .001%, .0001% and acetone.

The first two catches of moths were predomìnantly H. punctigera and H.

arm'igera respecti veìy. Tri al s were run usì ng f en'itrothi on wì th 5

ìnsects per dose (Table l.l). The moths from the next catch were H.

punctìgera, whìch were dosed with fenva'lerate. The lower dose limit was

not established'in this trial, but as expected, the chemìcal appeared

more active than fen'itroth'ion. The next catch was again principaì ly of

moths of H. punctigera. As 'it seemed that subsequent catches were

I i kely to be of moths of H. punct'ì gera, and that the f i el d popuì at'i on

was necessarily of limited durat'ion, ìt was decided to contìnue usìng

fenvalerate and to subject the moths from each night's catch to a wide

range of doses i n the hope of ident'ifyì ng the I ower I'imi t, as wel I as

produc'ing repl'icates of dose response.

The doses used were the logarithmìc series:

0 .2%, 0 .1%, 0 .05%, 0. 025%, 0 .0125%, 0. 00625%, 0. 00312%, 0. 00156%,

0 .00078%, 0 . 00039%, 0 . 000 I 9%, 0 . 000095% .
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After treatment the moths were transferred to 4 litre, clear plast'ic

containers. Each container had holes drilled in ihe lid and also on the

s'ide 2 cm from the base. l4o'isture was provìded by a 2 * ì cm block of

blue household sponge soaked in a l0% glucose solution. A max'imum of l0

moths were kept 'in a conta'iner.

Knockdown and mortal'ity were recorded at 6, 12, 24, 36 and 48 hours

after top'ical appf ication. Knockdown was defined as the "apparent

dea+,h" of a moth ìmmed'iate'ly after exposure to the insect'icide followed

by recovery. An insect was consìdered to be dead when'it could no

'longer right ìtself after beìng tipped onto ìts back.

1.3.4 Dosing technìque

Each moth was dosed by placing a I microl'itre (ul) dropìet iust behind

the head us'i ng a Burkard Arnol d Hand Mì croappl i cator (R'i ckmansworth

Herts. Engl and ) f itted wìth an Ag'la Mj crometer al I -gl ass syri nge and a

30 g hypodermìc syrìnge need'le. The needle had been shortened by

cutting at rìght angìes and filed, then bent downwards at an angìe of 45

degrees to f aci I i tate appl i cat'ion . The appì 'icator had a button-stop

mechan'ism to enable accurate del'ivery of ì ¡rì droplets.

The moths were.pac'ified usìng carbon diox'ide. Inìtia'l'ly forceps were

used to p'ick up the moths but it was found that many fluttered v'iolent'ly

and damaged themselves bad1y. It was discovered that a moth would

readi ìy step onto a p'iece of f i I ter paper when the paper was p'ì aced ì n

front of ìt and pressed gently agaìnst'it's front legs. 0nce on the

paper they could be easìly posìtioned under the appì'icator needle and
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usua'l I y rema'i ned cal m

contai ners.

duri ng dosi ng and transfer to thei r rel evant

Dos'ing was carried out at the same temperature (27" +/-2" C) and tìme of

day. Light condìt'ions were kept constant throughout the expenìment.

As the total number of insects per catch was l'im'ited, only l0 insects

were used per dose. The number of moths ìn the field popuìat'ion dropped

considerably before the th'ird replicate could be carried out so that

on'ly 20 insects were subjected to each dose.

1.3.5 Analysis

Ana'lysi s was carrì ed out w'ith the techn'ique suggested by Busv'ine ( l97l )

for calculatioh of the log dose/probit regression lìne.

No knockdown was observed ìn the trials so the ana'lysìs was carried out

with the 24 hour mortalìty data. Death after th'is t'ìme could well have

been due, partìy at least, to the result of natural ageing of the field

popul atì on.

I.4 RESULTS

t.4.ì Rangefinding tests

The morta'l'ity data from the rangefìnding trials usìng fen'itrothion and

fenvalerate aga'inst H. punct'igera and H. armìgera (Table l.l) suggested

that the fenvalerate was more active agaìnst the moths of H. punctigera.

At 24 hours, onìy 50% mortalìty was achieved at the highest dose of
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fenitrothion compared with 100% for fenvalerate. The 30% morta'lity

whìch occurred at 0.01% fenvalerate after 6 hours may have been caused

by handlìng rather than the chemìcal because no mortalìty was recorded

for the other doses.

1.4.2 Later tests: calculation of LD50

(1D50'is defined as the lethal dose that will kill 50% of a susceptìble

popuì ati on ( Rand, 1 980 ) ) .

The regression equation for the dose response ììne can be accepted only

if the calculated improved expected probit (Y') values corresponding to

the origìnal values of x do not differ from the expected probit (Y) by

more than 0.2 ( Busvì ne, I 97.l ) . The i ni t'i al transformati on of

dose-mortalìty'data (Table 1.2) produced differences greater than 0.2 'in

the four h'ighest doses. To correct for thìs the values of the workìng

probi t (y ) were used as the ì mproved expected prob'ì t Y ' and the

cal cul atì ons repeated.

The corrected mortality (Table .l.2) 
v,/as calculated using Abbot's

formul a:

Pt=Po-Pc*100
100 - Pc
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where Pt = corrected mortal ity %

Pc = control mortal ity %

Po = observed mortal i ty

The equatìon of the log dose/prob'it line of best fit was calculated

using regression analys'is (Appendix l) on the revised parameters (Table

1.?).

The equat'ion cal cul ated was:

y = 5 .2BZ + 0.6579(x - 2.574) (t )

The LD50 can be calculated by substitution ìn equat'ion (l) such that:

at the LD50

therefore

Y=5
x = 6.694 - 5.282

0. 6579

= 2.145

Thus the LD50 occurs at log dose 2.145. S'ince the log doses were

transformed by add'ing 5 to make them positive, the LD50 occurs at the

untransformed I og dose -2.855. Thi s dose 'i s equi val ent to a

concentratì on 0 .0014%.
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The amount of fenvalerate in a I pl droplet can now be estìmated.

Given that I ml of a l% solution contains:

I ml of a 0.0014% solution contains:

which is equivalent to:

l.199 * l0-3
_Ê,.l.678 * l0 "

I .678 u9/ml

g/n1

g/ml

the dose appl ì ed i n a I u'l dropl et = 0.0016786 g

To now express this amount as a function of body weight: jf a moth

weighs 0.082 9, at the LD50 the amount of fenvalerate in ug per g of

body weight of moth

= 0.00.l6786

0.082

= 2.046 * l0-2 uglg body weight

The transf ormat'ion of the dose-mortaì 'ity data and the regressì on

analysis were carrìed out us'ing two programmes written for the App'le IIE

computer (Appendix l).

t.4.3 Calculatìon of the precision of the LD50

In order to estimate the precisìon of the 1D50, the variance and Chi

squared value for homogeneìty of data were caìculated. The calculated

Ch'i squared 'i s usua'l 1y compared wj th the tabul ated val ue at 5%

probabif ity. If the calculated value, exceeds the tabulated value

heterogeneity 'is ind'icated. The degrees of freedom for the Chì squared
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value are î-2, where n = number of replicates. As only 2 repficates

coul d be comp'leted the degrees of f reedom woul d be 2-2 = Q wh'i ch i s

invalid. The observed Chi squared was 30.1492 which is well in excess

of any tabulated values in the range of degreãs of freedorn wh'ich would

normally be used.

Let the LD50 log dose 2,20 = n

Then the vari ance of m =

v=l*(l+(m-xbar)
2 2 2

b Sw Swx -(Swx)

= 2.3095 * (0.0094 + 0..1391)

93.4s49

= 2.51 * l0 -2

Where:

Sw

sw

SWX

swy

.l06.r2

273.1 I 9533

560.4992

796.376521

3031 .0r 81 4

I 504.03053

2.57368576

5. 281 7 4897

0.657891 521

SWX

swyx

xbar

ybar

b

2

2
SWY
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From the Chì squared test for homogeneity of data:

X2 = (Swy2 = ybar * Swy) - b * (Swxy - xbar * Swy)

= 70.6295 - 40.4803

= 30. I 492

Degrees of freedom = number of experiments - 2

=l-2=0

i.5 DISCUSSIOI{

The scattered nature of the points about the regression l'ine indicate a

hì gh degree of heterogeneì ty j n the resu'l ts wh'ich i s borne out by the

excess'ive'ly hìgh Chi squared value. The heterogeneìty lvas probably

brought about by a number of factors leadìng to a variable response to

the doses. For example:

(i ) the moths were drawn d'irectly from a fìeld popuìation

the ' age of the i nd'ivi dual s was unknown and ì i kely

vari abl e.

(i'i ) The nutritional status of the 'insects was not known. it is

poss'i b'l e that the i nsects deve'l oped on di f f erent f ood sources

because Hel'ioth'is are found i n a number of host crops, many of

whì ch were grown i n the Trangì e d'i stri ct at the t'ime .

so that

to be

Hel 'iothi s are al so h'ighly mob'il e 'insects whi ch are known to
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mì grate between crops wi thi n reg'i on s and between reg'i ons . I t 'i s

possible, therefore, that each n'ight's catch did not come from

prec'ise'ly the same source area. The vari ati on i n type and

qualìty of the larval diet could cause differences in their

phys'ioì ogy whì ch coul d 1 ead, 'i n turn , to dì ff erì ng responses to

the'insecticide and to the carbon dioxide used as a pacifier.

The different nutritional backgrounds may have caused varìat'ions

i n body we'ight wh'ich woul d have al tered response to the

'insecti ci de .

To get an estjmate of the variation'in body weìght, twenty males

were weighed and found to be re'latìvely unìform 'ìn weìght,

having a mean body weìght of 0.082 +/- s.e. 0.0045 g.

('iii) The carbon diox'ide, used as a pacìfier, could have altered the

response of the ìnsects to the 'insecticide.

(iv) The incidence of disease in a field collected populat'ion ìs

unknown, as'is the occurrence of paras'it'ism. If a dìseased moth

'is dosed, it could die from the effect of the disease rather

than that of the insecticìde. The mortal'ity as a result of

di sease coul d di stort the morta'li ty caused by the i nsect'icì de.

Hopeful.ly the mortal i ty caused by factors other than the

insecticìde would become evident 'in the control.

Variation in the moths' responses to fenvalerate may have been

increased by the thìck covering of scales and hairs over their

bod'ies. These scales and hairs may have prevented the complete

(v)
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dose i n each mì crol ì tre drop'ì et f rom contact'i ng the epi dermi s

and beìng absorbed. The droplet did appear to spread on contact

with the moth, rather than rema'in on the surf ace. Ideaì 1y,

removi ng ha'irs f rom the dosi ng po'int woul d have avoi ded thì s

problem, but the moths were difficult to handle and susceptible

to h and I 'i ng d amage .

Fìnaììy, the small sample s'ize would have been a source of varìation

al so enhancì ng the effects of the other varì abl es. It 'i s wi deìy

accepted that 30 ìnsects per dose ìs a minimum number (FAO 1969, 1970).

Only 20'insects, and in some cases only l0 per dose were used so that

heterogeneity in the results is to be expected.

Although it was necessary to choose a chemìcal that would be active

agaìnst the moths, this b'ioassay has served to demonstrate a technìque

rather than gìve a recommended dose for fieìd applìcation. Dose

response data f rom bì oassays 'usì ng topi ca1 appì'icat'ion cannot be

d'irect'ly applìed to conventìonal field app'lìcation of insecticides,

because insects in the fìeld obtain an unknown dose either by d'irect

impingement of the chemical on the ìnsect, ingestion, contam'ination from

dosed vegetatìon or a comb'inat'ion of these. It is not poss'ibìe,

therefore to ensure that an insect will receive the spec'ifìed dose

emitted. Chem'ical ìs also Iost through drift and breakdown in the

envi ronment so that, 'if the LD50 dose were to be appì 'i ed to an i nsect

popuìat'ion'in the fìeld, a 50% k'ill'is high'ly unlìkely to be achieved.

Fìyìng insects are more efficjent cojlectors of insectìcide than settled

insects (Spìl1man, 1976); hence it js f ike'ly'that the kìll achieved 'if
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an LD50 were to be appl'ied to f'lying targets would be closer to the 50%

mark than ìf appl'ied to settled targets. As a result, provided the

spray cloud consisted of mainly small drop'lets, one would expect to be

abl e to use I ess chem'ical when spray'ing f 1yì ng ì nsects because j t 'is

being used more effecti ve'ly.



t9

PLATE ì.1: A Texas Pheromone Trap Set up ìn trrrìgated Lucerne,

Trangie N.S.hl.
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Figure 1-1- Original and improved dose response lines for H.puncligera
treated with fervalerate.
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TABLE l.l: Mortality of adults of H. punctigera and H. armigera
rangefi nding tests usi ng fenitrothion anilTêîVãTerate tãchniõãTìTl

in acetone

21

tn
uted

H. punctigena H. anmigena

Pestici de

Concentnation
(z)

HRS after
tneatment

(h )

Number

tested
Numbe r

de ad

Connected
montali ty

\/" )

Number

tested
Numb e r

dead

Cor rected
mo rt ali ty

(z)

Fenitr othion
0.0
0.0001
0.001
0.01
0.1
1.0

1

0

2

0

0

0

t0
q

5

5

5

5

0

0

0

0

0

0

10

5

5

5

5
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30

0.0
0.0001
0.001
0. 01

0.1
1.0

I2 1

1

2

1

2

1

10

5
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5
q

5

0

0

0

1

1

1

l0
5

5

5

5

20

20

20

11

30

l1
JU

11

0.0
0.0001
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0.01
0.1
1.0

1

0

25

50

25

50
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1

3

1

4

4

10

5
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5
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5

5
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55
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5
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5
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0

0

0
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0.0
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0.1
1.0

t1
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11
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1

2

1

2

1
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5

5

5

5

0.0
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0.01
0.1
1.0

24

30
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30

77
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1
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2
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TABLE 1.2 Pararreters used for calcuìation of the log dose/probit line for H. punctigera exposed to a series
of doses of technical fenvalerate by topical applTc ati on

Fenval erate
concentrati on

o/
/o

No.
i nsects

u sed

No.
dead

(24 hrs)

Corrected
,/o

mortal 'ity

53. 86
13.49
36. 56
76 .93
s3. 86
59.63
25.02
71.16
88.46
88.46
94.23

I 00.00

Empi ri cal
probì t

Expected
prob'it

l^Jorki ng
probì t

Improved
expected
probi t

Y'

Second
'improved
probi t

Y'

/o

dead

13.3
60.0
25.0
45.0
80.0
60. 0
65.00
35.00
75.0

Lo dose
+5)

g
(

0.000
.000095
.0001 9
.00039
.00078
.001 56
.0031 2
.00625
.01 25
.025
.05
.l
t

30
l0
20
20
l0
l0
20
?0
20
20
20
20
l0

4
6
5

9
8
6

t3
7

l5
l8
]B
19
l0

90.0
90.0
95.0

I 00.0

X

.9777
1.?787
1.5910
I .8920
2.1931
2.4941
?.7958
3.0969
3. 3979
3. 6989
4. 0000
4.30ì0

.10

.90

.65

.74

.10

.24

.33

.55

.20

.20

.55

5
3
4
5
5
5

4
5

6
6

:

Y

4.02
4.25
4. 55
4. 80
5.02
5.20
5.52
5.79
6.02
6. 30
6.52
6. 65

v

5. 56
3.96
4. 65
5.68
5. l0
5.24
4.25
5.53
6..l5
6.ì9
6. 56
7.17

4.2541
4 .447 4
4. 6480
4. 84l 3
5.0346
5.?279
5.4217
5.61 sl
5.8084
6. 001 7
6. I 950
6. 3884

4.2318
4.4298
4. 6357
4.8333
5.031 4
5.2294
5.4279
5.6260
5.8240
6.0220
6.2201
6. 4l 8l



Chapter 2

SPRAY TRIALS

2.1 INTRODUCTION

One of the ma'in aims of the study was to determine whether

insectic'ide could be drìfted over a cotton canopy at nìght,

formed a uniform blanket over the crop.

23

a chemì cal

so that it

For the cloud to rema'in aioft and drift, very smal'l drop'lets (vmd up to

50 pm) are required. Spììlman ('1976) maintains that, for most f'ìying

'insects, the probabi ì'ity of dropl ets bei ng caught by an ì nsect i s

*u*i*ized when dropìets are'in the range vmd l0-30 um. No convent'ional

sprayìng device is capable of produc'ing a monosìzed dropìet spectrum;

however, the spìnning dìsc atomìzer (M'icronULVA) chosen for use in these

trìa'ls ìs capable of producìng a cloud with the mode at the lower end of

the spectrum for given revolutions per m'inute (rpm) and flow rate

(Sp'illman, .l980).

For the 'i nsecti ci dal cl oud to be eff ecti ve agai nst f 1yi ng moths 'i t must

be maìntained for a number of hours whilst the moths are flying. Both

I. punct'igera and H . armìqera have a bimodal pattern of n'ight flight

actìv'ity with !h. peaks occurrìng 2-3 hours after sunset and before

sunrise (Wardaugh et al., 1976). The females of both species are most

active ìn the ear'ly evening, so spraying was timed to cover thìs peak of

acti vì ty. N'i ght observat'ions that were made bef ore the tri al s began

confirmed that the moths did fly at the evenìng time suggested by

Wardaugh.
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The study al so ai med to ì nvesti gate whether the i nsecti ci de cl oud

produced i n the manner descri bed woul d ki I I H . punct'igera and H.

arm'igera moths. The cloud of smalì droplets shouìd stay aloft and drift

downwi nd, hopef u'l ìy creat'ing a barrì er of chemi cal at the f 'lyi ng hei ght

of the moths, which would pers'ist for some tìme. A moth need on'ly fly

through the cloud once to obtain enough ìnsecticide to kill ìt, so the

techn'ique does not re'ly on a moth f'lying for a long tjme or having to

fìy more than once dur'ìng a spray period. A numben of insect sampìing

schemes were carri ed out to determ'ine the effect of spray'ing on the

Hel'iothi s popul ati on.

2.2

(i )

METHODS AND MATERIALS

Location and time of trials

The trials were conducted in northwestern N.S.I^l. on the Nevertire

property of Au scott Pty Ltd . The tri al s ran f or 6 consecut'ì ve n'i ghts

f rom 30/1 /85 to 5/2/85 'i ncl us'ì ve - a t'ime i n the cotton grow'ì ng season

when the incidence of Helìothis spp. is usua'lìy hìgh.

The areas chosen for the trial and contro'l pìots were fields .l000 
m *

600 m and 900 m * 200 m respectì vely, on the outsk'i rts of the ma'i n

cotton growing area of the property. Both were surrounded by graded

roads and had fallow or stubble areas off to two sides. The location

was chosen so that the plots would be as far as poss'ible from any

sprayì ng that m'ight have been done ag

fields

a'inst Hel i othì s on other cotton
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The control plot remained unsprayed but was sampled for adults and eggs

ìn the same way as the sprayed plot.

The crop, (irrìgated cotton var. Delta Pine 6l), was supporting fìowers,

squares and bol'ls and had a mean he'ight of 68 +/- s.e. l.'14 cm. The

canopy was closed within the rows but not between rows.

The synthetì c pyrethro'i d Sum'icì di n ULV (Acti ve ì ngredì ent : f enval erate

40 g/1) Sfrell Chemical (Australia) Pty Ltd was sprayed over the trial
pl ot fo'l l owi ng the bì oassay resul ts.

(iì ) The spray rìg

A MicronULVA (Mìcron Sprayers Ltd, Three M'ills, Bromyard, Herefordshire)

was mounted on'a frame on the back of a Toyota Landcruìser Utiìity 3.5 m

above the ground. In previous trials by Rendell (1980) an uneven

dìstribution of ìnsecticide across the crop was achieved w'ith a sprayer

mounted at a fixed point in a cotton field. By mounting the sprayer on

the back of a vehìcìe, thereby making it mobile, ìt was hoped to ìmprove

the unìform'ity of spray cover. The frame was made of welded rolled

hollow steel'(RHS) to prov'ide as firm a base as possìb'le in order to

reduce puì sat'ion of the sprayer whi I e the vehi cl e was mov'ing over rough

ground (Pl ate 2.1) .

The sprayer was fitted w'ith the smallest cone attachment, to keep flow

rate and droplet s'ize to a mìnimum, and connected to a 12 voìt battery

and rheostat. The sprayer was operated at .l3,000 rpm whìch'is the

maxi mum pract'i ca'l operati ng speed whi ch gì ves a rel atì vel y narrow
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droplet spectrum wìth a vmd around 30 um (Symmons, pêrs. comm.). The rpm

was checked h-efore each trial us'ing a stroboscope.

Chemi cal waS fed to the sprayer from a standard 500 ml conì cal

Mi cronULVA bottl e wh'ich screwed vert'ical ly ì nto the Mi cronULVA head.

(iii) Spraying the crop

The crop was sprayed from the upwìnd edge/edges, with the vehicle set at

(750 rpm), for 6 consecut'ive nights. Each night's spray trial began at

2100 h and cont'inued for at least two hours to cover the perìod when the

moths should have been f'lyìng (pers. obs., Wardaugh et al ., 1976). lnJhen

the direct'ion of drift was at rìght angìes to one of the sides of the

plot, the spray rìg travelled onìy aìong that one upwìnd s'ide. Two

passes of the vehicle constituted one spray run. If the d'irection of

drift taras other than at right angles, the rig travelled aìong both

upw'ind s'ìdes to ensure an even cover of spray across the crop. A run,

in this case, cons'isted of a singìe pass along each upwind side.

The cloud of insecticide was constantly renewed by sprayìng continuousìy

during an extended period when the moths were flying.

The amount of chemical lost from the cloud depends chief'ìy upon the wind

speed and the turbulence. The trials were conducted as far as possible

undeli nvers'ion condi ti ons to mi nì mi ze the eff ects of turbul ence and

maintaìn the cloud for as long as possible.
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The temperature Was recorded usi ng a whi rì i ng psychrometer, lv'i nd

d'irect'ion wi th smoke f I ares and wi ndspeed w i th a d'irect readi ng cup

anemometer. Record'ings were made at the begìnn'ing and end of the spray

peri od and whenever a wi nd change was observed durì ng sprayi ng.

Throughout sprayìng the average windspeed was recorded at 27 cn, 59 cm,

122 cn and 248 cm above the base of the furrow with'in the crop, w'ith a

stack of cup anemometers mounted on a tower.

(iv) Sampling for insecticide deposits

A grid of wh'irlìng samplers (Plate 2.3) strung with white "Mi'lford"

kn'itting cotton (4 pìy) and strips of Kromecote paper was set out'in the

600 m * 1000 m trial plot (fig. 2.1). Each sampìer lvas powered by a 12

volt battery and set to sp'in w'ith a perìpheral velocity of c.5 m/s. The

sampìers were strung wìth fresh cotton thread and Kromecote papen before

each trì al . The cotton threads were co'l I ected and frozen after sprayì ng

and the sampìers and scissors washed with acetone to prevent cross

contaminat'ion. The fenvalerate content of the cottons was determined

using h'igh pressure lìquid chromatography (HPLC). The Kr:omecote papers

were used as a cross check for the presence of ìnsecticide droplets at

the sampl er si te shoul d prob'l ems have ari sen ì n the detecti on of

fenval erate by the HPLC.

(v) Sampling the Heliothìs popul atì on

The Hel i oth'i s population was monitored in the test and control paddocks

before the tri a'l s began and each day throughout the tri al s.
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Two of the standard funnel type pheromone traps used by SIRATAC Ltd

cotton management system, one for each Helìothis specìes, were placed'in

the control and test paddocks followìng each trial. The traps were

checked and emptìed each evening at 1700 h.

In order to 'estimate the number of adults present ìn the crop, 4

transects on foot were done in each pìot. The cotton was planted ìn

rows a metre apart with approxìmately I plant per metre. To make

walking easìer the transect lines followed the furrow between the rows.

The cotton bushes on either side of the furrow were beaten with a stick

and the number of moths whìch rose from these two rows was counted.

Because the change in population, rather than abso'lute numbers, was the

vari abl e be'ing estimated, the same transect l'ines vvere f ol I owed each

day. Any changes wh'ich may have occurred would not then have been a

function of changed locatìon.

The transects were begun at .l800 h when the moths appeared more easi'ly

disturbed than they were earl'ier ìn the day (pers. obs.). In the

sprayed pìot the transects were 600 m ìong runnìng aìong the rolvs from

the northern to the southern edges of the crop. Recordings of moth

numbers were made over intervals of 100 m to determ'ine whether or not

there were any gradìents in the moth distribution. The transects were

spaced at 300 m ìntervals across the pìot leav'ing a buffer zone of 50 m

at either end to eliminate edge effects. The control p'lot was smaller;

the transects were 200 m I ong from the eastern to the western edges of

the crop and spaced at 100 mr aga'i n ì eav'i ng a 50 m buf f er zone.

Record'ings were made over 50 m intervals.
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Egg counts were carri ed out each day usi ng the strati fi ed random

sampììng method employed by SIRATAC. After ìeav'ing a buffer zone, by

walking 75 m into the crop, five pìants were counted'in a row and the

next five were then examined. The counter then moved on another five

pìants and across seven rows and began aga'in repeating the process unt'i'l

60 p'l ants had' been exam'i ned. Thi rty p1 ants were exami ned, begi nni ng

from the north east corner of the pìot, and another 30 beginn'ing at the

south west corner. The terminals of each 5 pìants ìn the top 12 cm of

the canopy were examined and egg numbers recorded.

Light trap and pheromone trap catches for both the jmmediate area of the

test pì ots and for the regi on were obta'ìned from Auscott to g'ive an

overal ì pì cture of the Hel 'ì othi s popu'l ati on 'i n the area.

2.3

(i )

RESULTS

t{i ndspeed duri ng each trì a'l

The est'imated wì ndspeed durì ng each trial 'is gi ven i n Tabl e 2. I . It was

cal cul ated from the rpm readi ngs of the anemometer at the 1 .22 m

posìtion on'the stack of anemometers. The value gìven is the mean

w'indspeed durì ng the spray peniod.
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The windspeed, duration of spraying, amount of insecticide
applied and estimated flow rate in each trial

Tri al Average
w'indspeed at

122 cn
(m/s )

Duration of
spray'ing

(mì n. )

Chemì cal
appì 'ied

Fl ow rate

(ml s/mi n. )(ml )

2

3

4

E

6

0. 176

I .380

2.318

0.857

0. 336

0.815

9B

84

78

128

'il6

124

I 199

870

965

1270

I 320

l2l0

10. 9

10. 35

10.96

9.84

10.31

9.76

Trì al 'ì began undelinversi on condi ti ons. The dì recti on of drì ft moved

from SSW to SE after the first spray run and rema'ined steady throughout

the rest of the sprayìng period. The runs were changed accord'ingly

(ris. 2.2).

Tnial 2, wh'ich 'is shown to have had an average windspeed of l.3B m/s in

Table 2.1, also began under inversion condit'ions with a 0.5 m/s breeze

regìstering on the hand-held anemometer. The inversìon broke towards

the end of the spray period when a windspeed of 1-2 m/s was shown on the

hand-hel d anemometer durì ng the I ast 30 mi nutes of sprayi ng. The

changes in direction of drìft were s'imìlar to those in Trial l: the

drift rema'ined almost due south for most of the period. Hence, most of

the runs were done aì ong the southern border.
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0n the nìght of Trai'l 3 there was no inversion and the breeze was a

steady easterly enab'lìng spray runs to be done on one side of the plot

only (Fì9. 2.2).

Tri al 4 'i s shown to have had an average wi ndspeed of on'ly 0.857 m/s .

However, theÈe l'las no 'inversi on on th'is n'ight and a strong 4-5 m/s

breeze sprang up'in the last l0 mìnutes of the spray period. The wind

direction r,vas from the north east throughout the trial so there was no

change ìn the pos'ition of the spray runs.

Tri al 5 al so began undelinversi on w'ith the dì recti on of dnift

predom'inantly from the north west. A sh'ift to the south west occurred

30 mi nutes before the end of spray'ing.

In Trial 6 thè change ìn direction of drift came half way through the

spray period. Thìs trìal also began under ìnversion cond'it'ions.

(ii) The numbers of moths

The moth counts g'iven in Table 2.2 were the numbers seen per 100 m of

each of the 4 transects. Since the cotton plants were spaced at

approximately one per metre a'ìong the rows, the number of moths per

100 m is effectìve'ly the number of moths per 200 p'lants, because moths

were counted from each row on e'ither s'ide of the transect.

The counts were low throughout the trial perìod, as also were egg counts

(Tabl e 2.3) and pheromone trap catches of moths (Tabl e 2.4).
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The average pheromone catch over the reg'ion was obta'ìned f rom counts

col I ected under the SIRATAC scheme from cotton propert'i es i n the

Macquarìe irrìgat'ion dìstrict. These catches covered a l0 day period

wh'ich included the time when the trìals were underway. The mean daììy

catches, âlthough low, were more than double those for H . punct'igera

trapped in the trial and control pìots. For H. armìgera the mean catch

was slìght1y less than double the catch in the sprayed pìot and more

than double the catch in the control p1ot.

The pheromone catches were predomìnantìy H. armigera, whìch was expected

for that time of the season. H. punct'igera 'is usual'ìy regarded as a

spri ng pest.

By contrast the I i ght trap

punct'igera than H. armi gera.

catches (Table 2.5) contained more H.

The light trap was not located at the

to get an i dea of the amount of moth

A fuller

spray s'ite and was used on'ly

activity in the general area.

(iii ) Chemical ,recovery

The chemìcal recoveries at the samp'le sites were variable.

d'iscussion of the recoveries is gìven in Chapter 3.

2.4 DISCUSSION

Idealìy the a'im of spray'ing is to control the insecticide cloud such

that the desi red concentrat'ion reaches a target area and i s ma'i ntaì ned

there for a suffìc'ient period so as to cause the death of the ìnsect.

Sprayìng must be timed at the period when the insects are "avaiIable"
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for control (e.g., the morning or evenìng perìods of fl'ight actìvìty of

the Heliothis moths) so that maximum use is made of the emmitted

chem'ical . Any dropìets wh'ich do not reach their target are essent'ial1y

env'ironmental po1 'lut'ion. A number of questi ons are therefore ra j sed

which these pre'l'imìnary trials do not attempt to answer; such as the

duration of fligh't for an'individual moth, the height to wh'ich the moths

fly, the frequency of f'lìght 'in an evening and the percentage of the

popuì at'ion whi ch f ly per n'ight. Al I of these questì ons aff ect the

method and effectìveness of the spray technìque. For these trials 'it

was assumed that the whole popuìation would not be fly'ing at any one

t'ime and that an'indìvidual may not f1y every night. Hence spraying was

carried out for several hours to cover the evening peak of moth activity

and for 6 nì ghts to cover the maior perì od of a popu'l ati on peak 'ì n the

fì el d.

The numbers obta'ined f rom the transects f or moths (Tabl e 2.2) and the

egg counts (Table 2.3) were too sparse to enable conclusions to be drawn

regardi ng the eff ect of sprayi ng on the moth popul at'ion, espec'iaì ly

since there are.likeìy to be inherent variations ìn the moth population

withi n and between the paddocks (blardaugh et al . , I 980, I'lardaugh, pers .

comm.). The low numbers make it d'ifficult to reasonably compare the

sprayed and unsprayed paddocks each n'ight and over time and conclude

whether changes. i n total numbers and d'i strì buti on are due to the effects

of sprayìng or due to natural variation. The low numbers also make it
difficult to ascertaìn whether the chemical had a cumulative effect

i.e., moths dy'ìng after receiving a number of sublethal doses which may

have appeared as an'increasìng kìll over t'ime.
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Little is known of the sublethal effects of fenvalerate on Heliothis

distribut'ion. The chance that an uneven cover of chemical over the crop

may have simpìy moved the moths within the p'lot cannot be examined.
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FLATE 2.1: Spray Rig Used for the Trials

PLATE 2.2: Spinning Disc Atomiser - Micronulva Used on the Spray Rìg
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PLATE 2.3: A tlhirling Sampler Strung with Cotton Thread Used for

Sampling the lnsecticide C'loud



flgure 2.1. Sampler layout, dimensions and surrounding
environment of the trial plot.
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Eigure 2.2. Layout of samplers. direction of wind, track of spray vehicle
and amount of chemical collected at each sampler (ug/cm2)
for trials 1 to 6.
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TABLE 2.22 Daìly counts of Heliothis adults
in the sprayed and contro
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per 100 m of foot transect
I plots

ti

Date and
transect no.

4x600mtransects
Sprayed p'lot

4x200mtransects
Control p'lot

100 200 300 400 500 600 50 100 150 200

0
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0
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0
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0
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0
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TABLE 2.3: t{umber of eggs counted per 5 cotton plants on the termìnals
extending into the top 12 cm of crop canopy. Counts were done 2 days

prior to spraying and each day following a treatment.

Date
of

Samp'li ng

No. of eggs per sub-group of 5 pìants

E X

2 .033
2 .033

0
0

0
0

0
0
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0

0
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0
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0
0

0
0

I

0

0
I

0
0

0
0

0
0

0
l

0
l
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0
0

0
0

0
0

0
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I
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0
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0
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0
0

I
I

0
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0
I

0
0

0
0

0
0

0
0

0
I

I
0

0
0
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0

0
0

0
0

0
0

0
0
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I
0

0
0

0
0

0
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0
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0
0

I
0

0
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I
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0
0

0
0

0
0

0
0

0
0
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0
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0
0
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TABLE 2.4: Pheromone trap catches of adult male Heliothis from the
control and sprayed paddocks. Traps were pl aced effi'--ñight after
spraying and removed before spraying co¡menced on the following evening.

Dates of
counts

Sprayed
H. punctìgera

Paddock
H . arm'iqera

Control
H . punct'igera

Paddock
H. armigera

29/1
*30/l

31 /1
1/2
2/2
3/2
4/2

0
0
0
0
1

0
I

2
0
0
0
0
0
0

0
2
2
5
0
I
0

0
0
0
0
0
0
l

I
X

I .00
0.13

10.0
1.42

2.00
0.27

2.00
0.27

* Fì rst nì ght of spray tri al s.

AVERAGE TRAP CATCH PER DAY FOR THE MACQUARIE DISTRICT
OVER THE IO DAYS UP UIITIL 5/2/85:

H. punctigera : 3.3.l moths

H. armìgera : 2.37 moths

I



42

TABLE 2.5: Light trap catches of H. punctigera and H. armigera for one
n i g ht pri or tõ tne co¡rmencement o-sf@--il eac h-n i!h'F-õ-t-3 prayi n g

Date H. punctìgera H. arm'i gera

29/1

*30/ I

31 /l
1/2

2/2

3/2

4/2

26

l5

t4

9

I
38

43

0

0

2

0

I

0

7

x
T

153
21.86

l0
r .43

* Fi rst ni ght of spray tri al s.
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3.1

3..l .l

Chapter 3

FENVALERATE ANALYSIS USING HIGH PRESSURE LIQUID CHROMATOGRAPI-IY

ESTABLISHING THE METHOD FOR DETECTING FENVALERATE USING HPLC

Introducti on

The HPLC compri ses:

- pump: Waters M - 45 Solvent Delivery System

- i niector: Ì^laters Unì versal Li quì d Chromatograph I niector

Model U6K

- column: Altex Ultrasphere l'iquìd chromatography coìumn

Model 256-06

- fl ow cel I : Al tex Model I 55

- spe'ctrophotometer: H'itach'i Model I55 wi th power supp'ly

- 'i ntegrator: Hewl ett Packard 33904

It operates by separating the components of a samp'le within the column

and releas'ing them at d'ifferent times. The spectrophotemeter, set at a

partìcular wavelength, then'identìfies each component and the resultìng

sìgna'l is recorded in graph form by the 'integrator as a series of peaks

along a tìme axis. The'integrator calculates the area under each peak,

and from th'is the amount of chemìcal injected, and ìn the sampìe, can be

cal cu'l ated.

As each chemical has 'its own specìfic characteristics it wjll be

retaìned for a specific tìme, and thus the peak on the graph which

represents'it will also occur at a specìfìc tìme. The time can be
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varied by the compos'ition of the solvent used jn the system and ìts flow

rate. Hence a number of standards must be run to establish (a) the time

at which a peak appears, (b) the best solvent m'ix to be used and (c) the

optimum flow rate.

3. I .2 l,lateri al s and methods

A l% stock solution of fenvalerate technical ìn methanol (methyì alcoho'ì

CH"0H ) was made. The fenval erate d'id not di ssol ve readi'ly 'in methanol
J

so 'it was di ssol ved 'i n'iti aì 'ly 'in 0. 5 ml of acetone.

A'0.0.l% solutìon vvas used for the analys'is so that the peak would be

'large in comparison with those for the solvent, methanol and acetone.

Acetone and methanol were also ìnjected to identify where they appeared

on the prìntout.

The standard solvent for analysis of fenvalerate technicaì is a mìxture

of aceton'itrile CH'CN) and milli Q water (Ferrìs, pers. comm.). After a

seri es of test runs 'i nvol v'i ng tri aì and error, chang'i ng the sol vent mì x

and the flow rate, the ratio of 75% aceton'itrile and 25% milli Q water

with a flow rate of 2 ml/min. was decided upon. This comb'ination caused

the fenvalerate peak to appear at approxìmately 9 minutes. Increasing

the concentrat'i.on of aceton'i tri I e shortened the ti me taken f or the

fenvalerate peak to appear, but brought it close to the solvent peaks;

undes'irable, because of the poss'ib'iìity of the peak being masked by the

solvent peaks, 'if the retentìon t'ime ìs affected by other factors, such

as changes 'in noom or solvent temperature.
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3.2 'DEVELOPING A STANDARD CURVE FOR FENVALERATE

To calculate the amount of fenvaler"ate injected'into the HPLC and hence

in each sample, a calibration curve must be developed. The curve gives

the rel at'ionsh'i p between the area under the f enval erate peak (f i g. 3. I )

and a known series of concentratìons which have been iniected.

A seri es of 5 di I ut'i ons was made f rom the stock sol ut'i on name'ly : 0 .1%,

0.05%,0.025%,0.00125%,0.000625%; and 20 ¡r'l of each was'iniected. Two

repl 'icate i n ject'i ons lvere made and the resu'l t'i ng mean areas pì otted

aga'inst the amount of fenvalerate (u9). The relationship lvas linear

(Fig. 3.2). The equat'ion of the l'ine and hence the sìope 'b' and

ì ntercept 'a' pertaì n'ìng to f enval erate coul d be cal cul ated usi ng 'li near

regressi on.

The equat'ion Y = a * bx

where x = area under the peak (units)

y = amount of fenvalerate 'injected (¡rS)

b =' slope

-a = y intercept

Once the constants were known, the amount of fenvalerate injected from a

samp'le coul d be cal cul ated by substi tuti on i nto the equat'ion of the

regres s'i on I i ne .

The fenvalerate content of the samp'ìe ìn pg/cm can then be calculated as

fol I ows:
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H*I*J

K*L*M

where H = amount of fenvalerate 'injected (ug)

I = amount of eluent to remove fenvalerate from sep-pak (ml)

J = amount of soìvent used for extraction (ml)

K = amount injected ìnto HPLC (ml)

L = area/weight of sampìe to be soaked (cm2 or g)

M = amount of extract to go through the sep-pak.

3.2. I Results

Calculation of the fenvalerate content of the ìnjected samples used for

developìng the standard curve was carried out as follows:

Dens'ity of fenvalerate = 
.l.'l99 

g/mì

Amount of fenvalerate ìn I ml of a l% solution = 1.]99 * l0-2

therefore:

0.1% solution has 1.199 * l0-3 g

O.O5% sol ut'ion has 5.990 * l0-4

0.025% Solutìon has 2.990 * l0-4

0.0125% solution has 1.495 * l0

0.00625% solution has 7.47 * 10

g

4

g

g

5
g
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therefore:

I ml of a 0.1% solution has '1.l99 
pg

'l ml of a 0.05% solution has 599 ¡rg

I ml of a 0.025% solution has 299 ug

I ml of a 0.0125% solution has ì49.5 ¡rg

I ml of a 0.00625% solution has 74.75 yg

The amount of fenvalerate in 20 ul of each sample:

0.1% 23.98 pg

0.05% .11.98 
ug

0.025% 5.98 ug

0.0125% ....2.99 ug

A.00625% ...1.495 pg

Us'i ng the 'i nformat'i on f rom' Tabl e 3. I the equati on of the cal i bratì on

line of best fit was calculated by regress'ion where:

x = the area under the peak

y = the amount injected 'in ug

The equation of the l'ine of best fit 'is:

V = 0.1657997 + (5.300979 * l0-5 * x) il)
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The calibration line obtained for fenvalerate 'is shown in F'i9. 3.1.

The coordinates of the line of best fit obtained by substitution in th'is

equati on were:

X = 0,

x = 416890,

y = 0.1657997

! = 22.26505

The cornelat'ion coefficient = 0"999:19 shows a strongly l'inear

relationship between the poìnts.

Usìng equation (l), the amount of fenvalerate'ìniected into the HPLC (V)

for al I

3.3).

subsequent sampì es coul d be cal cu1 ated by subst'itut'ìon (Sect'ion

The theory of regress'ion anaìysi s 'ind'icates that the regressì on I'ine

should pass through the orig'in of the x and y axes (0,0). The equatìon

of the line would then be y = ax. The HPLC has a level of sensìt'ivìty

below which ìt i,s unable to detect the presence of a chemical and the

level of sens'itivìty is specìfic for that chemical. Thus, a reading of

zero area gìven by the HPLC may not mean that there is no chemical

present.

The y i ntercept ' a' i s theref ore a measure of sensi t'i v'ity of the

i nstrument. The regress'ion ì i ne, obta'ined f rom the cal i brat'ion of the

HPLC for fenvalerate, had a y 'intercept 'a' = 0.1657997. This value

'indicated that when a read'ing of zero area was reported, the sample ìn

fact contained 0.1657997 ug of fenvalerate. The y intercept was
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included in the equatìon, expressed

correcti on factor.

The mean area under the fenvalerate peak, and the correspond'ing

concentrations of the 20 u1 samp'les 'injected from the standard solutions

of f enval erate, ane g'iven i n Tabl e 3. I .

ìntheformy=a+bx, êSa

3.3

3.3.1

HPLC ANALYSIS FOR FENVALERATE FROI.I SPRAVED COTTONS

Sampìe preparation and clarification

The frozen cotton threads were thawed in the jars'in which they were

collected (l per jar). Fìve millil'itres (mls) of methanol - the soltrent

used to extract the fenvalerate from the threads - were added to each

jar and left for 12 hours in the dark.

Four ml s of extract were pì petted 'i nto a test tube and made up to 20 ml s

wì th mi I I 'ì Q water.

The fenvalerate,was separated from the other components in the extract

by passìng the 20 mls of extract through a SEP-PAK C'ì8 cartridge

attached to a hypoderm'ic syri nge. The I 'iquì d was f orced through the

SEP-PAK which separated and collected the varìous classes of components

in the sampìe.

The fenvalerate is then removed by eluting w'ith 2 mls of methanol giving

a sampì e ready f orinjecti on. Two repl'ìcates, each 20 u l , were i niected

from each sample and the fenvalerate content of each sample calculated.
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The HPLC was operated at a flow rate of 2 mls/min., ?40 nm and range

I .0.

3.4 RESULTS

The fenvalerate recoverìes are shown 'in Tabl e 3.2 aìong wìth the'ir means

and standard errors; they were calculated with a computer programme

written for the purpose (Appendi x 2) .

The recovery from Trial 3 sampler 6 (T3 56) 'is m'issìng because analysis

of both replicate cottons had been carried out before'it was discovered

that the HPLC was fauìty.

Trial 2 had the most un'iform distribution, three of the nìne samplers

havìng 26 uglòm and two having 23 u9lcm. The difference between the

hìghest and lowest recoveries was '13 ug as opposed to 870 g in Trìal 3.

The HPLC 'i's a sensi t'ive machì ne and readì ngs can vary w'i-uh temperature

changes 'in the solvent and injected sampìe as wel I as s'lìght eìectrìcìty

fluctuat'ions. To ensure the area obtained had not been affected by

these factors two rep'licate 'injections were made from each samp'ìe. The

areas under the fenvalerate peaks, shown ìn Table 3.2, are the mean of

the areas obtaìned for the two repficates from each sampìe. The area

obtained for each rep'l'icate 'is shown 'in Appendix 3.

The varì ati on between sampl ers for each tri al was determi ned by

cal cul at'i ng the rel ati vel y vari abi I 'i ty of the recoveri es :
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standard error of the mean

mean recovery of fenval erate

(Table 3.3). The relative variabilities have been expressed in graph

form (F'ig. 3.3) by plotting the mean fenvalerate recovery for each trial

against the corresponding standard error of the mean. Trials 1,2,5 and

6 had si mì I ar recoveri es and the rel ati ve vari abi I 'it'ies of Tri al s 1 ,2

and 5 were less than 20%. In Trials 3,4 and 6 there were samplers whìch

had extremeìy hì gh recoveri es (Tabl e 3.2) 'i n compari son wi th other

samplers in each Trìal, ê.g. T3 S1, which would have caused the hìgher

standard errors.

Caìculation of the approxìmate amount of chemical avaìlable to a

moth

3.4.1

If:

Then:

Pl of s'ize = 60 ha

Mean output of insect'ic'ide per n'ight = I139 ml .

Amount of insecticide per hectare = 18.98 ml.

Duration of f'light of a moth 'is c.3 seconds

Col lect'ing surface area of the moth is c.l sq. cm

The moth flies at c.3 m/s

If:
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Then:

The moth will fly through 9 metres and have a collecting surface

of 0.9 sq metres.

The amount of chemical available over I sq. metrej:

18.98

I 0000

0.001898 ml

The amount of chemical available over 0.9 sq. metre = 0.0017082 ml.

The active 'ingredient 'in I ml of the chemical sprayed = 0.04 g.

Therefore the amount of act'ive ingredient that could be collected by a

moth making one 3 second pass through the spray c'loud is:

75.92 vg

G'iven that the LD50 is 0.2047 vg/g body weight and that a moth we'ighs

0.082 9, a moth col'lecting only half as eff ic'iently as the whirf ing

samplers would receive a lethal dose.

3.5

3.5.1

In any field

vari abl es i s

DISCUSSIOI{

Chemical recovery

tri al s

a'lways

deaì 'ing wi th bi o'l og'icaì systems, the number of

hi gh . A'lthough as many f actors per tri al as
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possible were kept constant 'in this study, and desp'ite relatìvely

constant weather condì ti ons, di fferences st'i I I occurred. The maì n

difference was due to the change ìn d'irection of drift causing changes

i n posì ti on of the spray runs . It was not physì caì ìy poss'i b'l e to run

replìcate trìals on the same nìght because ìt was very d'ifficult to find

'ident'ical paddocks and the time and manpower ì nvol ved was prohi bi tì ve.

The fenval erate recoveni es from Tri al s I ,2, 5 and 6 were si mi I ar from

sampìer to samp'ler and between trials, ev'ident from the relat'iveìy small

standard deviat'ion from the mean of the recover'ìes for each night (Table

3.2). The sim'ilarities and d'ifferences between the recoveries for the 6

Trials are emphasìzed in Fig. 3.3. The recoveries for Tnials 3 and 4

were very d'ifferent from those of the other four Tr"ials. Some of the

sampl ers appeared to have rece'ived I arge amounts of i nsect'icì de and

others had recòverìes similar to those in Trials 1,2,5 and 6. The third

and f ourth Trì al s were conducted under condi ti ons of l'ìght w'ind 'in

contrast to .l 
,2,5 and 6 each of whì ch was conducted undelinversi on f or

the most part.

There are a number of factors which could expla'in the ìarge variation in

chemical recovery 'in Trials 3 and 4 as wel I as the sma'ller variations in

Tri al s 1 ,2, 5 and 6.

(i ) Contamination

The f i rst of these was the possi bl e contam'inat'ion of the cottons during

collectìon. Extreme care vvas taken to ensure the sampìers and scissors

were washed after remov'ing each set of cottons from their samp'ler. The
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amount of insecticide on the cottons would have been very smalì, so that

even the smal I est amount on hands or c'ìoth'ing, com'ing i n contact w'ith

the cottons, would have caused a ìarge dìfference in readìngs.

It ìs possibìe that some of the samp'lers may have accumulated more

chemical than others through the pos'ition of the spray runs and the

directìon of drift, however for those isolated samplers wìth excess'iveìy

high readìngs e.g. T3 Sl, T4 53 and T6 52, contamination may have

increased the fenvalerate recovery.

(ii) Characterìstics of the ground

The roughness of the ground could have been a second important factot

contribut'ing to atmospheric turbulence and hence the random movement of

droplets within a spray cloud. Small droplets travel at the speed of

the a'ir surroundìng them and are carried by the parceì of aìr in which

they are released. Turbulence over cotton is greater than over bare

ground, the aìr movement beìng affected by changes in crop height, ôs

well as the furrows between the rows, over which the canopy had not

cl osed . Even under i nversi on condi ti ons , such as experì enced 'i n Tri al s

I ,2, 5 and 6, the turbul ence 'i s mi n'im'i zed but not el i mi nated (Spì I I man,

.I970). The surface of the crop would st'i'll have affected the movement

of the spray cloud, possìbly channeìling ìt away from or towards the

sampìers depend'ing upon the characteristics of the surface around the

sampler site.
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(iii ) The nature of eddy turbulence

Thirdly, the directìon of the edd'ies created by turbulence is random and

dropl ets may be moved upwards and downwards, so that the concentrati on

of insecticide in a gìven parcel of air above the crop may Vary from

place to place within the plot. The 'insectìcide recovered from the

sampìer w'ill reflect the concentration of chemical in the air at the

sampler site. These random changes in concentration of insectìc'ide in

the atmosphere coul d al so account f or the vari at'ion 'in recovery.

However, âS the movement of the eddies'is random, one would hope that

constant renewal of the spray cìoud would result in a unìform total

recovery for the whole spray perìod from each sampler.

(iv) Changes in atmospheric condjtions

A fourth factor leading to varìations in insecticide recovery couìd have

been the change in atmospheric cond'itìons experìenced ìn Trials .l,2,5

and 6. The Trìals began under inversion condìtions and the'insect'icide

dropìets could be seen hanging'in the air above the crop when followed

with a spotf ight. Aìthough the 'larger droplets would have sedimented

out in the ear'ly stages following reìease, many of the smal'lest droplets

may have been di spersed upwards and I eft hangi ng ì n the atmosphere

unable to go beyond the top of the invers'ion 1ayer. The d'istribut'ion of

these dropìets is unlikely to be uniform throughout the inversìon layer

above the crop because of the factors associated with random movement of

ai r parcel s al ready di scussed.
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In all four trials a sfight increase in w'ind speed, breakìng the

inversiön, was recorded on the hand held anemometes towards the end of

spray'ing. The sudden assoc'iated changes i n atmospheric condi t'ions

reduced temperature and increased turbulence - may have caused 'dump'ing'

of the I ocal'ized pockets of suspended dropl ets from the 'invers j on ì ayer

which could have created an uneven pattern of insecticìde recovery

across the grid of samplers. ê.g., T5 55 6l ug which is approx'imate'ly

twice that of 7 of the 8 other sampìers.

(v) The effect of wind

Trials 3 and 4 were not carried out under inversion condit'ions. The

spray period for Trial 3 started with a 0.5 - I m/s breeze which

ìncreased to 3 - 4 n/s 40 minutes before the end of spray'ìng. The w'ind

dì rectì on lvas consi stentìy easter'ly and the spray run on the eastern

edge was.along the bank of the ìrrigatìon channel which lvas 2 n above

the leve'l of the crop and the other spray runs. The deposits at the

samp'lers nearest the spray run, across the centre and at the far edge

were the highest.. The reading of 899 ¡Lglcm at 51 was extremely hìgh wìth

respect to the others'in the paddock and is one which may have been

affected by contaminatìon. However, 'it ìs possìble that the bank along

whi ch the run was dri ven, be'i ng at ri ght ang'l es to the w'i nd, caused a

ì arge amount of turbul ence as the w'i nd I eft the top of the channel

dragg'ing the spray cl oud down towards the crop 'i ncreasi ng 'impact'i on on

the sampìer causing a chemicaì recovery read'ing.

Trial 4 was conducted under a steady I - 'l.5 m/s breeze though the

average speed for the spray period shows less than I m/s. There appears
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to be a division of the spray deposit between the SE and NW halves of

the paddock (fig. 2.2). This may have been the result of the NE wind

drift'ing the spray d'iagonal'ly towards the southern boundary on the

eastern run and the western boundary on the northern run. The sprayer

was sw'itched off when travellìng from the eastern to the northern track

because the "irreguì ar ground at the corner and rel at'iveìy st'i I I

cond'itions, as well as change in the d'irection of travel of the veh'icle

meant, the peop'le in the back of the vehicle would have been covered ìn

spray. The effect of sw'itch'ing off the sprayer may have been to reduce

the amount of spray reach'ing 57 and 59 whìle the furthest samp'ler of the

dìagonal, 54, would have collected spray from both s'ides.

Eddy d'iffusìon produced in unstable wìndy conditlons moves droplets both

up and down. The result may be an ìncrease'in depth of a small droplet

cloud and theÈefore a decrease in the concentratìon at any one poìnt

wì th'i n the cl oud . Ihe turbul ence i s I 'i kel y to make the concentrati on

uneven across the crop.

3.5.2 Chemical recovery with respect to LD50

Aìthough the'recoverìes were variable none were below the est'imated LD50

for fenvalerate. The approximate amount of chem'ical that would have been

available to a moth, on an average during each trial , was we'll 'in excess

of the lethal dose required to k'ill 50% of the population. If the moths

were only half as efficient at collectìng the chemical as were the

whì r'lì ng sampl ers, the dose rece'ived woul d have been I ethal to a

substanti al porti on of the popu'l at'ion.
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Insect j ci des af fect 'insects 'in 2 ways - e'ither by di rect tox'ic eff ects

causing mortaìity or by sublethal effects when the dose arriv'ing at the

'insect'ici dal sì te of acti on i n the i nsect i s not enough to cause death

(Kamlesh et al., 1984). Sublethal doses have been shown to cause latent

toxìcìty, enzyme induction, st'imulatory and inhìbìtory effects on

reproduct'ion, al tered behav'iour and physi o'l ogy. A suggesti on has been

made recent'ly, that sublethal effects of pyrethroids such as fenvalerate

are important in crop productìon because of their ant'ifeedant and

repel I ent act'ivi tì es (Kaml esh et al . , I984) . For examp'le, the subl ethal

concentrat'ions of fenvalerate LCI and LC50 (the concentrations lethal to

1% and 50% of the populatìon respectìvely), had a deleterious effect on

I arval devel opment and reduced adul t I ongevi ty and fecundi ty of the

diamondback moth Plutella xyìoste'lìa (1.). In addition, the female

moths preferred to ovipos'it on leaves that remained untreated (Kamlesh

et aì., 1984).'.

Given lhe vaniable recovery between samplers and the reìat'iveìy ìarge

distance between the samplers, it'is possible that there were areas of

subl ethal concentrati on wì thi n the p'lot and certai n'ly outsi de the pì ot

where drift 
"ouí¿ 

have occurred. Some chemical would have doubtless

sed'imented onto the crop 'in both I ethal and sub-l ethal concentrat'ìons.

Unfortunate'ly the moth populatìon was not h'igh enough to detect changes

in the popu'lation distribution or patterns of egg Iay as a result of

sprayìng, so'it was not possìbìe to tell whether fenvalerate had the

same effect on Hel'iothis spp. as P. xylosteì1a. Should the repellent

and antifeedant properties hold true for Helioth'is spp., many moths may

r.,l
ìi'

,î

I

!
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be drìu.'n fro,n the treated cotton field'into the adiacent ones, fiv'ing

false impression of the success of control w'ithin the treated paddock.

a

Aìthough the chemìcal recoveries from the samp'lers were variable, the

di stri buti on of the i nsecti ci de appeared to have 'produced 
I evel s wh'i ch

would be toxic to moths at a much lower appìication rate - 18.98 ml/ha -

than that recomnended for control of 1 arvae up lo ? cm I ong - I .5 - 3.5

1/ha.

I

tl



Fioure 3.1. A printout lrom the Reporting lntegrator of the HPLC, showing
the fenvalerate peak recorded from an injection of Z1lll from
a solution of 0.025 % fenvalerate in methanol,
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Figure 3-2- Calibration line for fenvalerate
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Figure 3-3- The relative variabiliÇ of the amounts of lenualerate
recovered from samplers in each tial.
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TABLE 3.t: Area under the fenvalerrte peak for replicate iniections of
20 ul samples from standard solutions used to construct the standard

curve (fig. Z.2l; The rrean of these areas and the corresponding
fenvalerate concentration ( u g)

Fenval erate
concentrati on
'in standard

sol ut'ions
ol .
lo

Area under
repl i cate

l

(unìts)

Fenval erate peak
repl i cate

2

(un'its )

Mean area
under

fenval erate
peak
(units)

Amount of
fenval erate

i njected

(ug)

0.1

0. 05

0.025

0.01 25

0.00625

491 I 80

204000

I 06860

46459

28719
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221660
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30830

454035

212830

I 051 60

58343. 5

2977 4 .5

23.98

il .98

5.98
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TABLE 3.2: Areas under the fenvalerate peaks
reporting integrator of the HPLC, corresponding
recovered from the cotton thread on each sampl

thread
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TABLE 3.3: The ¡nean, standard error of the mean, relative variability
and percent relative variability of the amount of fenvalerate recovered

from each trial

Tri aì
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" Mean
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Chapter 4

DISCUSSION

0f the hypotheses proposed for study at the outset of this thesis, only

the first two have been tested satìsfactorì1y and have had a posit'ive

outcome.

These were:

That a spray cloud cons'istìng of small monosìzed droplets wìll

remaìn aloft at a gìven heìght and across a specified area of

cotton.

That the chemi cal remaì nì ng al oft w'i I I be suff i ci ent to kì I 'l

adults of Helìothis spp. across the entire field.

The spray trials have shown that chemical can be drifted across one

ki I ometre of crop, and poss'ibly f urther, under condi tì ons of i nvers'ion

and lìght winds at concentrations capable of kil'ling Heliothis spp.

adul ts. The ni ne whi rf i ng samp'l ers served to gi ve an overal 'l 'impressi on

of the insecticìde distribution across the crop - one that appeared to

be rel at'ively un'iform when sprayì ng under i nversi on but qui te vari abl e

when spray'ing was conducted ìn lìght w'inds. The varìat'ion in recovery,

at poìnts which were widespread over the plot, indicates a need for more

sampìers per unìt area to enable a clearer pìcture to be drawn of the

distribution and recovery of insecticìde over the crop. It would have

been usef ul to have had three rep'l'icate col I ecti ons at a gì ven di stance

2
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from the spray run - the diamond grid pattern gave only one sample'in

some cases (Fig. 2.1\. Five rows of three samplers, evenly spaced

across the pì ot, woul d have g'iven the three repì'icates. An i ncrease i n

the number of sampl ers woul d have enabl ed unusuaì ly h'i gh or I ow

recovèrìes, such as that for T3 Sl, to be checked.

The trìals must be extended and repeated, with more samplers per unit

area and repììcate trials on each night. The vegetat'ion should be

sampì ed for sedimentati on of chem'i cal and the surroundi ng paddocks

samp'led for drift. When pìannìng subsequent trials 'it w'ill be necessary

to take 'i nto account the di ff i cul ti es assoc'i ated wi th ni ght work - the

labour intensive nature of the samplìng and sprayìng, the cost of the

trìals and the precisìon required in the results.

The th'ìrd and 'f ourth hypotheses perta'ined to the Hel'iothi s popuì ati on.

They were:

That the adul t popuì atì on wì thi n the area sprayed wi I I be

suppressed.

That the egg lay wì1'l be reduced and hence the larval popu'lation

be suppressed.

The aim was to spray on consecutive n'ights during a seasonal peak of

moth act'i vì ty. The I984-85 grow'i ng season was very dry pnior to the

tri al s and there had been I'ittl e i nsect actì vity throughout the

Macquarie dìstrict. The trials were conducted'in the field which had

experienced the hìghest insect pressure throughout the season, or the

3

4
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Nevertire property of Auscott Pty Ltd. Nevertheìess, the 1ìght trap,

pheromone trap and egg counts showed very ìow Heliothjs numbers for the

month prìor to the trìals, as well as during and after spraying.

Unfortunate'ly, the lack of moths prevented assessment of the technique

for k'illìng moths in the field, oF assessing ìt's effect on ovipositìon

or the distriöution of moths.

Shoul d subsequent trial s show that the method i s successf ul 'in k'i I ì'ing

adult Hel'iothis in flight after dark, a chemical must be chosen whìch'is

spec'ifìc to the moths. As drift is the prìme objective, some of the

chemìcal will end up over adiacent land. It is essent'ial that any

benef ì cì aì Lepi dopterous i nsects wi th'in and outs'ide the crop shoul d not

be affected. If the chemical is not spec'ific to the adults, the Iarvae

may be subjected to sublethal doses which sed'iment onto the vegetation.

Repeated appì I cati on of subl ethal doses coul d cause sel ecti on for

resistance in the larvae whìch could extend through to the adult stage.

The spraying technìque, as ìt stands is not meant to be used by the

landholder; however, this study has prov'ided valuable groundwork for

f urther study on a prì nc'i p'l e of sprayi ng whi ch, i f successf ul , coul d

have a major effect on the method of contro'l l'ing Hel i oth'i s and other

i nsects.
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APPENDIX I

CALCULATION OF THE REGRESSION LINE RELATING PROBITS AND LOG DOSE

The two programmes listed'in this append'ix were written to transform the

dose-mortalìty data obtained in the bìoassay described ìn Chapter I and

to caìculate the regress'ion line relatìng prob'its and log dose using the

method suggested by Busvine (1971 ).
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PROGRAIÍHE TO CALCULATE EXPECTED PROBITS FROI.l DOsE

DATA

I O HOHE

?8 PRINT ''EXPECTED PROBIT CALCULATION''

3Ø PRINT

4Ø INPUT ''HOIJ IlANY DOSE LEVELSI':Z

45 PRINT

6Ø PRINT

7Ø DIil B(.2Ø> .Y (.2Ø),[J(2ø )

BØ Dit{ N<2ø),t((2Ø),N(2Ø)

85 DIll P (.2Ø),8(2'¿ ),L (: 2Ø )

8B DIll ú(.2Ø ),i.lY(.2Ø>,8<2Ø)

3g DII{ Ø,.:?Ø)

iøn Fr-in T - ! Ta îLuu r Vl'. r l'J L

i1ø PRINT ''L)OSS "iI
ll5 PRINT : ll{Pl-iT "ì'lo. 0F iNSECTS USED: ";0(I)
i I6 PRINT

i?Ø INPUT ''LOTJ DOS'E

i3Ø PRINT : INPUT ''EXPECTED PROBIT = '';Y(I)
I4ø PRINT : INPUT ''IJORKING PROBIT

I5ø PRINT: INPUT ''IJEIGHTING COEFFICIENT

I6ø PRINT: PFINT: PRINT: NEXT I

L7 Ø HOtlE

19ø PRINT

225 PRINT :

226 PR#1

23Ø PR I NT '' OLD Y NEIJ Y ''

T1ORT AL I TY
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24ø

25ø

26ø

27Ø

28ø

29ø

3ø0

310

32ø

33ø

34ø

350

36ø

361

37Ø

3BØ

39Ø

395

4ØØ

4ØL

4Ø5

4Ø1

4ØB

4tØ

419

42Ø

43Ø

44ø

45Ø

46ø

P(I)

NY (I )

PRINT

NEXT I

PRINT

PRINT

PRINT

r,R l NT

PRINT

FOR

IJ(I)

[^]

N(I)

rT0z
kclt *

IJ( I )

lJ(I ) *

N( I )

lJ( I ) *

P(I).

0(I)

x(t)

B(I)

+ X(I)

+

N=N+

P = P +

+

+L

I

[J

Q(I)

A=

L(I)
L

lf ( I )

N(I)

Q(I)

B(I)

L(I)
P(I )

t1( I )t1

NEXT I

XB = N,,,H

YB = P/A

B

FORt=

NY(I) =

NEXT I

FORl=lT0Z
PRINT: PR]NT

* P(I)

* X(I)

(xB t( P)> / (Q - (XB *l'i))

ITOZ
(YB - (B * XB) + (B * X(I )))

0

TAB( 3);Y( I );TAB (.12>;NY( I )

: PRINT

'' S[J

"SilX

"S[,JY = rr; P

" SIJX 2

4 + .5)
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47ø

48ø

49ø

5ØØ

5lØ

r¿2Ø

53ø

54ø

s5ø

560

51Ø

PR i IIT

PRINT

PRINT

PRiNT

PRINT

PRINT

FOR I

PRINT

PRINT

PRINT

PR# Ø

iliL

rt; H

";XB

'IiYB

'' S[J Y2

'I S[JY X

,'XBA 
R

"YBAR =

"b =r,iB,
: PRINT 'l tJ HX ilY"

TAB( 2);I,I(I); TAB( IO);N(I); TAB( 18);P(I);
: NEXT I
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DATA FROI{PROGRAIII1E TO CALCULATE THE REGRESSION EAUATION USING

THE CALCULAT]ON OF EXPECTED PROBITS

10

2ø

30

4Ø

5ø

6ø

7ø

Bø

9ø

lØ0

lØ5

rlØ

HOÌ,lE

lNPUT ''YBAR

PRINT

I NPUT ''XBAR

PRINT

INPUT "b = rr

PRINT

INPUT "X

Y

PRINT:

PRINT :

GOTO Bø

= I' i YBAR

= '' i XBAR

rÞ

It'W,^

- (B * XBAR)

PRINT ''FOR X

PRINT

+ (B * X)

tt .
I Y
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APPENDIX 2

CALCULATION OF FENVALERATE RECOVERY ON COTTON THREADS

The programme I'i sted here cal cul ates the amount of fenval erate per

square centimetre of cotton thread recovered from a sampìe analysed by

HPLC. The programme converts the areas under the fenval erate peak as

given by the HPLC to concentrations usìng the equation of a standard

curve tor fenvalerate (Chapter 3).

t

I

i

I
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PROGRATIIIE TO CALCULATE FENVALERATE CONTENT OF COTTONS US I NG HPLC

I

i

i

l

I

I

ìl
I

I

I

I

I

I

rø

l5

2ø

3ø

4ø

45

5t

52

t=:).JrJ

6ø

65

66

67

68

BØ

gØ

LØØ

lr0

r2ø

r3ø

I4ø

l5ø

l6ø

17Ø

l8ø

t9ø

2Øø

HOHE

PRINT

PRINT

PRINT

PRINT I'

PRiNT :

FORN=

N=N+l
NEXT N

HOIIE

I NVERSE

PRINT ''PARAT1ETER

PRINT : PRINT .

NORIlAL

PRINT

PRTNT ''AREA OF

: PRINT :- PRINT : PRINT : PRINT : PRINT:
,'PROGRAI{ TO CALCUI-ATE FENVALERATE''

CONTENT OF COTTONS USING HPLC''

PRINT : PRINT : PRINT :

tT05ø

I

il
'{
'lil

I

I NPUTS ''

PRINT :

I NPUT

PRINT

PRINT

I NPUT

PRINT

PRINT

I NPUT

PRINT

PRINT

I NPUT

PRINT

A

C0TT0N 50AKED IN S0LVENT (crn2)"

" AHOUNT 0F SOLUENT USED FOR SOAK I NG ( m l. ) ',

B

,'AIlT OF EXTRACT THROUGH SEP

C

PAK (nJ)"

"AHT OF }IETHANOL TO I¡ASH SEP

D

T

PAK (m1)"
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2Tø

22Ø

221

225

22õ

23Ø

24ø

25Ø

26Ø

27ø

28Ø

285

286

29Ø

3ØØ

3Ø5

-¿t' Ø

at!
JT I

4ØØ

4Lø

42Ø

43Ø

44Ø

445

45ø

45I

46ø

PRINT

I NPUT

PRINT

PRINT

I NPUT

PRINT

PRlNT

I NPUT

PRINT

HOiIE

TT LÞ

PRINT

PRINT

PRiNT

PRINT

PRINT

PRINT

PRINT

PRINT

PRINT

PR#Ø

8Ø0Ø

PRINT

+ .5)

+ .5)

H

"AHOUNT INJECTED INTO HPLC (nI)"

E

'' I DENT I F I CAT I ON OS SAI{PLE ''

AS

"AREA 'UNDER PEAI( ( un its ) "

l.

G

H

H

G = INT(G r lØ ^ 4 + .5) / INT (tø ^ 4

PRINT ''PR]NTED RESULTS '! <Y /N ) ''

iNPUT ZS

: .PRII'IT : PRINT

'' SAIlPLE NATlE '' I AS

"AÌlOUNT 0F FENVALERATE INJECTED ";G;" us"

''FENVALERATE CONTENT OF SAIIPLE

tru,J FER cm2 0F C0TT0N"

r

It
)

I

I 47Ø PRINT : PRiNT : PRINT : PRINT

48ø INVERSE

6Ø ø Ø PR I NT '' ALL NEIJ F'ARAT1ETERS OR JUST AFIEA ''
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6løø

62øØ

63Ø ø

631ø

632ø

64øø

64tø

79øØ

80øø

8lø0

PRINT

PRINT '''Y FOR ALL NE[', A FOR AREA''

INPUT BS

NORTlAL

HOIlE

IF B$

IF BS : I'Art THEN G0T0 225

END

PR# I

RETURN
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APPENDIX 3

THE AREA UNDER THE FENVALERATE PEAK OBTAINED FROM EACH REPLICATE
INJECTION (a,b) 0F EXTRACT FR0M THE COTTON THREAD 0N EACH SAMPLER

Trial no. (T)
repl'icates

(a,b) 1 234
Sampì en number

56 789

a
b

a
b

a
b

a
b

a
b

a
b

TI

12

T3

T4

T5

T6

I 55440
r 63060

I 6280
I 9030

1284
1253

2027
I 960

I I 050 3875
r r 798 3845

898 1244
920 1244

8986 4062
10798 4557

2?359 133150
20449 139510

1904 2915
2088 2725

1424 1634
I 498 I 530

2284 43564
2425 42317

4575 I 100
4597 I 4l 5

r338 l7l3
I 345 1752

368 554
365 565

- I l66l
- r 2554

647 1

6637
ll52
I 082

i 609
l3l0

592
590

361 0
3632

750
792

7l 3l
7061

1246
I 450

3l 60
2731

22228
?5202

2956
l6l3

5737
6227

1210
r 378

2l180
20544

6782
6632

6869
7l 36

I 209
I 145

903
737

I 400
1482

5714
5865

847
895

1242
I 456

I 380
I 690

I 549 3572
I 7t 5 3745

22909 2796
23462 2988

I 585
1256




