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THE EFFICACY OF VARIOUS INSECTICIDES AGAINST THE LARVAE OF LUCILIA
CUPRINA (WIED.), THE GREEN BLOWFLY OF SHEEP. 1. /N VITRO TESTS USING

A RESISTANT AND SUSCEPTIBLE STRAIN
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ABSTRACT

VILJOEN, J. H., 1978. The efficacy of various insecticides against the larvae of Lucilia cuprina
(Wied.), the green blowfly of sheep. L. In vitro tests using a resistant and susceptible strain.
Onderstepoort Journal of Veterinary Research 45, 155-163 (1978).

In order to determine the larvicidal action of different insecticides against both susceptible
and resistant blowfly strains in the Republic of South Africa, an attempt was made to find a suitable
in vitro method for mortality counts and potency evaluations, Aft:r a series of preliminary trials
the Australian method of Roxburgh & Shanahan (1973) was adopted as the most reliable for this
purpose. A statistical analysis by computer of the basic data at Onderstepoort established the
superiority of the LC50 value in biological assays over the LC99 or the closely related minimum
lethal concentration (MLC).

The insecticidal action of different blowfly compounds was evaluated for relative potency against
both susceptible and resistant blowfly strains by comparing their LC50 values in their logarithmic
form, Comparisons are fully justifiable where the individual regression coefficients of the insecticides
under test do not deviate significantly from a common slope initially calculated (Finney, 1971). A
diazinon formulation proved the most potent against susceptible blowflies and fenthion ethyl against
the resistant strain from Riversdale. Relative insecticidal potencies varied from 0,07-0,62 in the
former compound and from 0,35-0,66 in the latter.

Résumé

EFFICACITE DE DIVERS INSECTICIDES CONTRE LA LARVE DE LA MOUCHE VERTE DU
MOUTON, LUCILIA CUPRINA (WIED.). I. ESSAIS IN VITRO SUR DES SOUCHES RESIS-
TANTES ET SUSCEPTIBLES

Afin de déterminer I'action larvicide de divers insecticides sur des souches susceptibles et des souches
résistantes de la mouche verte du mouton en Afrique du Sud, on a recherché une méthode in vitro qui
permet des comptages de mortalité et des évaluations d’efficacité. Aprés une série d’essais préliminaires
la méthode australienne de Roxburgh et Shanahan (1973) a été rerenue comme la plus fiable a cet égard.
Une analyse statistique par ordinateur des données de base a Ondersiepoort a montré que, pour les tests
br'olagiqnzs. le taux LC50 est préférable au LC99 ou a la concentration léthale minimum (MLC) qui en est
trés proche.

On a procédé a I’ évaluation de I'efficacité relative de divers composés contre des souches susceptibles
aussi bien que résistantes de la mouche verte du mouton en comparant leurs valeurs de LC30 sous forme
logarithmique. Ces comparaisons sont tout-a-fait justifiées lorsque les coefficients de régression indivi-
duels des insecticides ne s écartent pas significativement d’une pente commune calculée @ Uorigine
(Finney, 1971). Une formule a base de diazinone s'est avérée la plus efficace contre des souches suscep-
tibles; contre la souche résistante de Riversdale, ce fut le fenthion-éthyle. Les efficacités insecticides

relatives ont varié de 0,07 a 0,62 pour le premier composé et de 0,35 a 0,66 pour le second.

INTRODUCTION

The period of protection afforded in the field by any
insecticidal compound against blowflies depends as
much on its larvicidal action as on its ability to diffuse
into the fleece of treated sheep (Du Toit & Fiedler,
1953a). Fiedler & Du Toit (1956) proved that certain
organophosphorus compounds diffuse along wool
fibres and in this respect they compare favourably
with certain previously tested chlorinated hydrocarbon
insecticides and can be accepted as such. The screening
of organophosphorus compounds in the laboratory
for larvicidal action is, however, an essential prelimi-
nary in the selection of effective insecticides for
field evaluation in a country where blowflies consti-
tute a problem.

Laboratory methods for determining the effect of
insecticides on blowfly larvae have been described by
various authors. In the earlier tests artificial media
impregnated with insecticides were used and their
toxicity judged by observing growth retardation or
rate of mortality in the larval stages (Lennox, 1940;
Hoskins, Bloxham & Van Ess, 1940). These artificial
media act both as nutrients for the larvae and as
diluents for the insecticides, but unfortunately their
nutritional level may affect the toxicity of the insecti-
cide. In addition, sterilization of these media may
accelerate the decomposition of heat-labile com-
pounds.
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McCulloch (1940) introduced minced beef as a
nutrient medium, while Du Toit (1968) also added
clean wool to serve as neutral matrix. In both prepara-
tions the final concentration of insecticide after
introduction to the meat or meat-wool mixture was
calculated and the effect on both pupation and first
stage larvae determined.

The in vitro larvicidal test in which mammalian
serum (ovine, bovine or equine) was used both as
nutrient medium as well as diluent for the insecticide
and in which wool or cotton wool served as the neutral
matrix, was described by Hobson (1937), Fiedler &
Du Toit (1951) and Du Toit & Fiedler (1953a). This
test was subsequently used either in the original or in a
modified form by the latter and other workers in
various countries (Du Toit & Fiedler, 1953b; Fiedler &
Du Toit, 1954; Du Toit & Fiedler, 1954; Fiedler &
Du Toit, 1956; Harrison & Johnson, 1961; Green-
wood, 1964; Harrison, 1967; Shaw, Page & Blackman,
1968 ; Shaw & Blackman, 1971 ; Wood, 1973; Tenquist
& Heath, 1975 and Blackman & Baker, 1975). In all
these tests the larval mortality counts were time-
consuming because the larvae had first to be separated
from the neutral matrix in which they had usually
become entangled. Results were therefore expressed
as either MLC or MAC (=minimum affecting con-
centration), but rarely as the LC 50.

Busvine & Barnes (1947) exposed various insects to
insecticides by confining them for different periods to
films whose surfaces consisted of a neutral matrix of
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filter-paper impregnated with a volatile solvent with
an insecticide. This method was modified by Busvine
& Nash (1953) who used a mixture of volatile solvent
and a mineral oil to avoid irregular size and deposition
of crystals and thereby improved the relation between
concentration and mortality. Both Roxburgh &
Shanahan (1973) as well as Arnold & Whitten (1975)
used the surface exposure technique to test insecticides
against blowfly larvae whereby these larvae were
exposed for a 24 h period to either insecticide-
impregnated chromatography paper or rolled plugs of
cellular cellulose fabric, Ovine serum was used as
nutrient during the exposure period. By adding lanolin
to their volatile solvent Arnold & Whitten (1975)
avoided the disadvantage mentioned previously by
Busvine & Nash (1953).

In the Republic of South Africa arsenic and coal
tar distillates were originally used as blowfly insecti-
cides and Monnig (1943) concentrated on the last
mentioned group to develop a suitable blowfly dress-
ing.

The chlorinated hydrocarbon insecticides, dichlo-
rodiphenyl-trichloro-ethane (DDT) and hexachloro-
cyclo-hexane (BHC) became available during the mid
1940's. Du Toit (1946) and Du Toit & Goosen (1949)
demonstrated the value of DDT, and Du Toit, Goosen
& De Kock (1948) showed that BHC afforded even
better protection. Some 8 years after their introduc-
tion, BHC and especially DDT were largely replaced
by the cyclodienes, Aldrin and Dieldrin, because these
insecticides gave excellent protection (Fiedler & Du
Toit, 1951; Du Toit & Fiedler, 1953a).

However, a change in the response of Lucilia cuprina
to Dieldrin was recognised for the first time in
Australia during late 1957 (Shanahan, 1958). Subse-
quently, Guneidy & Busvine (1964) reported that this
change in response had developed in South Africa in
this blowfly, which had undergone genetic changes
similar to those of the Australian strain of the species.

Since there is a group relationship between Dieldrin
and BHC, the latter was also rendered less effective
for the control of the South African blowfly.

The value of organophosphorus insecticides was
recognised even before the appearance of the Dieldrin/
BHC tolerant blowfly in the Republic. Parathion and
EPN-300 proved to be highly effective but were exclu-
ded because they are highly toxic to mammals (Du
Toit & Fiedler, 1953a). Further tests by Fiedler & Du
Toit (1956) and Du Toit (1968) on other group-related

TABLE 1 Insecticides used in larvicidal tests

organophosphorus insecticides were highly satisfac_
tory and proved them to be superior to Dieldrin
Aldrin and BHC.

Organophosphorus tolerance in the sheep blowfly
was recognised late in 1965 in Australia (Shanahan &
Hart, 1966) and in 1968 in the Republic (Howell,
1970). In the latter case the insecticidal effect of 26
organophosphates and carbamates on blowfly-larvae
from Riversdale was compared with that of the
reference strain from Onderstepoort, and factors of
tolerance or resistance varying from 2-100x were
found.

Recent work by Blackman & Baker (1975) confir-
med the presence of OP-tolerant or resistant blowflies
in the Republic. The change in response varied from
slight to moderate with diazinon and even excessive
with dichlofenthion and chlorfenvinphos. All calcula-
tions were, however, based on the concept of minimum
lethal concentrations.

In the present survey the main object was to
determine the potency of several different organo-
phosphorus compounds and a pyrethroid against both
OP susceptible and resistant strains of blowflies in the
Republic. After a statistical analysis of the basic data,
the LC 50 values were (i) compared with the associated
LC 99 values, (ii) used to illustrate the presence or
absence of a significant difference between the LC 50
values of all insecticides when used against the 2
different blowfly strains, and (iii) utilized to determine
factors of tolerance or resistance.

Eventually the improved estimations of the log LC
50 values were used to determine the relative potency
of insecticides against both blowfly strains,

MATERIALS AND METHODS
Two strains of L. cuprina were used, namely

1. The R-strain. This is an OP-resistant strain obtained
from 2 adjacent farms in the Riversdale district where
resistant blowflies were found originally during 1968.
Larvae were collected from infested sheep and reared
at Onderstepoort to establish the R-colony.

2. The S-strain. This is an OP-susceptible reference
strain kept at Onderstepoort.

The 12 different insecticides used in these in vitro
tests, 8 of which are currently registered as blowfly
insecticides in the Republic, are listed in Table 1. Their
larvicidal effect was determined by using a slightly
modified version of the method of Roxburgh &
Shanahan (1973) and following the principles outlined
by Busvine & Barnes (1947).

Active Ingredient/s Trade Name Formulation Company
o

Fenthion-ethyl.......... S A R R Laffer: cowi i 50 EC Bayer S.A.
TABZOPNORE i oz e sr da e o his 48 4 A b e by o Hostathion*.......... 42,8 EC Hoechst
Chlorfenvinphos(1).............. SUpanaal, . .reromes 30 EC Shell Chemical Co.
Chlorfenvinphos (2).... Steladone 30.......... 30 EC Ciba Geigy
50TV oave a0, o [ A .. | Topclip Blue Shield... . 20 EC Ciba Geigy
5 TEVY 117 ) o ) TSRO N A i o | IRERL . dd s d s 30 EC Agricura
ENREHIOIEHEIION, o bl bs b or fha g Bl ol b Promion. o et 25,6 EC Milborrow & Co.
Chlorfenvinphos and Fenchlorphos. .. ............ Golden Fleece. ....... 72448 EC Coopers S.A.
BrotiOpROSEITL. . - oot b S s wi oo S5 WeXa=Jor- o oo time 50 EC Hoechst
BT e (o] /S W e s i W e BacdipNF2.......... 50 EC Bayer S.A.
[RET doTed ol oral 1k p 10, ¢ SO S S TEIRIORE o b iinor s 60 EC Robert Young & Co,,

Glasgow
PRTBRRTOTH 500wty i e ey o e 0 0 RU 24 366™. ...cvvien 2,5 EC Procida

* Not registered as blowfly insecticide in the Republic of 5.A.

EC=emulsifiable concentrate



All tests were done from September 1975-June 1976,
first on the resistant R-strain and then on the sus-
ceptible S-strain. The procedure was as follows:

(1) Eggs were collected on raw sheep’s liver during an
oviposition period of 2 hours. These cggs were
transferred to the bottom of a funnel lined with moist
Whatman No. 3MM chromatography paper and cove-
red with a small piece of liver. To prevent possible
desiccation of the chromatography paper (especially
overnight), the stem of the funnel was plugged with
absorbent cotton wool and then immersed in a beaker
of water (Fig. 1).

3MM Chromato-
graphy paper

Glass funnel

Glass beaker

Liver
Eggs 2 cuPrimaA

Water
Cotton wool

NN
'\

FIG. 1 Apparatus for hatching of Lucilia cuprina eggs

(2) Eggs were allowed to hatch during a 12-18 h period
and the lst instar larvae collected from the upper
surface of the liver or the sides of the funnel after
migration.

(3) Immediately before each test insecticides were
diluted in chemically pure acetone to give a range of
concentrations of approximately equal logarithmic
intervals.

(4) A volume of 1,5 m{* of the insecticidal solution in
acetone was then applied to 9040 mm strips of
Whatman No. 3MM chromatography paper on a
drying board at room temperature. Three strips were
prepared for each concentration and 3 with acetone
only for the controls.

(5) All the strips were dried for 2 h at room tempera-
ture before they were rolled and inserted in flat-
bottomed glass tubes of 50 x 16 mm.

(6) Sterile bovine serum (1,5 mf) was then applied to
each roll of paper including that of the controls. For
even application the glass tubes were held in a horizon-
tal position and slowly rotated.

(7) At least 30 first instar larvae were transferred to
each tube and the tubes plugged with open cell
plastic bungs. The tubes were left 300 mm beneath a
40 W fluorescent light in a humidity room at 70%,
R.H. and 28 °C.

* Chromatography paper of the above specified thickness and
surface absorbed 1,5 méE of the insecticidal solution in acetone
during preliminary immersion tests
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(8) Mortality was recorded after a period of 24 h in the
humidity room. The foam plugs were removed and the
tubes as well as their unrolled paper strips thoroughly
rinsed with warm water into square perspex counting
chambers. Larvae were recorded as dead or alive,
according to the method of Lennox (1940).

(9) The percentage mortality for each concentration of
both insecticides and the untreated controls was
analysed by computer in an existing probit analysis
programme written by Dr H. van Ark of the Plant
Protection Research Institute and the results used in
further calculations.

(10) When the calculated Chi squared (x?) value
indicated heterogeneity the tests were repeated until
more reliable results were obtained.

STATISTICAL TECHNIQUES

The results obtained by computer in the existing
probit analyses programme were used in the following
calculations.

1. The width of the 959% fiducial bands in the probit
regression lines of at least 2 insecticidal tests at
different Ievels of response (Finney, 1971).

2. The significance of the difference between LC 50
values of each insecticide after tests with the 2 different
blowfly strains (R and S) (Paterson, 1939).

3. Significant differences between LC 50 values and
resistant factors. Adaptation of Paterson (1939).
4, The relative potencies of the different insecticides

(relative to the best in each series of tests) against
both the R and S strains of L. cuprina.

The sequence used in potency calculations was
identical with that of Finney (1946, 1971), viz:
A. Variance analysis of heterogeneity and parallelism
Estimation of a common slope
Improved estimation of all probit regression
equations
Determination of the different Log LC 50 (M)
values for the different insecticides and the calcu-
lation of relative potencies.
Significance was established by using either the

Table of t or y* at P=0,05 and the appropriate
number of degrees freedom (Fisher & Yates, 1943).

B.
C.
D.

REsSULTS

The results of the original data analysed in the
probit analysis programme are given in Tables 2A and
2B. Of the 24 insecticidal tests (12 per blowfly strain)
only 5 were repeated a second time, because the data
were not homogeneous enough for further calcula-
tions.

After the second repetition, another 3 tests were still
heterogeneous but their x® values were considered to
be within reasonable limits and the heterogeneity
factor h=x?%n —2 was employed to increase all
variances in the existing computer programme. In
these tables standard errors at 2 different levels of
response as well as their corresponding 95 %, fiducial
limits can be compared.

Fig. 2A and 2B demonstrate the 95 fiducial band-
width at different levels of response.

In Table 3A and 3B the difference between LC 50
values for different insecticides when used against the
2 different blowfly strains was used to calculate the
significance of differences as well as the magnitude of
the different resistant factors to denote significance.
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TABLE 2A Results of probit analysis by computer (S-strain)

95 %, Fiducial 95 %, Fiducial
Insecticide LC 50 LC 50 p.p.m. LC 99 LC 99 p.p.m. 2
p.p.m. p.p.m. z
p.p.m. p.p.m.
Lower | Upper Lower | Upper
EHazion (1) s v i s oensiaes 0,09 0,02 0,05 0,12 2,29 0,89 1,07 4,93 1,719
RBOPIOR s o it o ovsiarvais sia sl oo tale whvhkle 0,14 0,02 0,11 0,19 3,72 1,21 1,97 7,04 2,400
LT SR L R e e G e M 0,17 0,03 0,12 0,23 2,84 1,13 1,30 6,22 4,489
Chlorfenvinphos(2). ... vovereenressnsssnn 0,21 0,3 0,16 0,28 4,69 1,94 2,08 10,58 9,540
IHCHIOTERERNON, o . cv.o . psipmimne oot wopsissin:s 0,23 0,03 0,18 0,29 2,97 0,86 1,69 5,23 6,341
Chlorfenvinphos (1).... . Y e 0,24 0,06 0,11 0,51 4,77 2,85 — — 14,116*%
ERAZIIOINDT Lk fonion ack b s o MRl o b o 0,38 0,05 0,30 0,49 3,66 1,10 2,02 6,61 6,184
Chlorfenvinphos + Fenchlorphos.......... 0,39 0,06 0,29 0,52 7,07 2,90 3,17 13,75 7,369
BromoPhosBthyl, . /o« somanissasmsn s 0,45 0,05 0,35 0,57 4,95 1,38 2,86 8,57 1,720
COXIBIGHNON, .1 ah somsminim sesms mediis e 0,58 0,07 0,45 0,73 10,43 3,05 5,87 18,52 1,230
Carbophenothion..... «cawesaesis saeaieas 0,% 0,12 0,74 1,21 14,50 4,86 7,52 | 27,98 7,681
Pyrethroid RIT 24366, . «ovvnvesimmimsvnis 1,28 0,15 1,01 1,61 13,00 4,49 6,60 | 25,62 6,502

Heterogeneity value (*)=11,07 at P=0,05 and DF =5

2
* Heterogeneity established and heterogeneity factor h“nng used for calculations of variances. 95 % Fiducial limits of LC 99 not

calculated for chlorfenvinphos (1) because chi-squared value indicated excessive heterogeneity

TABLE 2B Results of probit analysis by computer (R-strain)

95% Fiducial 95 %, Fiducial
SE Limits of LC 50 SE Limits of LC 99
; Sie LC 50 LC 50 p.p.m. LC 99 LC 99 p.p.m. 2
nsecticides p.p.m. p.p.m. p.p.m. p.p.m.
Lower | Upper Lower | Upper
Fenthion-ethyl,......c.veivvnineessn ceeen | 3,09 | 0,26 | 2,60 | 3,66 | 13,52 | 2,40 | 9,53 | 19,17 | 4,275
P RCOPABS o S st e B red s 4,65 | 0,38 | 3,95 | 5,47 | 20,51 3.17 | 15,09 | 17,64 | 0,924
Chlorfenvinphos (2)....... P AR 4,85 0,38 4,14 5,67 | 18,66 2,70 | 14,02 | 24,74 1,795
[P 3 TR ) ) PR i i Sy el i 5,24 0,78 2,92 8,66 | 17,58 5,40 — 14,142*
000 10T o) - e g g i i 5,26 0,46 4,46 6,14 22,91 4,21 15,97 32,87 6,280
Chlorfenvinphos -+ Fenchlorphos.......... 5,41 0,50 4,57 6,40 | 20,22 3,33 14,62 | 27,99 2,787
0 Lot o o A, A T i 5,53 | 0,46 | 4,70 | 6,51 | 19,39 | 2,93 | 14,42 | 26,08 | 0,308
Chlorfenyinphos (1)......vveevrsnerennns 593 | 045 | 5,02 | 6,82 | 20,84 | 2,92 | 15,82 |27.45 | 9,09
Bromothos@thV, , . . v en o s iismean i 6,19 0,51 5,26 T.30 | 24,12 4,23 | 17,00 | 33,84 1,727
T T e N e S 6,61 0,92 3,69 9,84 | 29,47 9,25 — — 10,399*
CarhophEnotlION. ... «.v < s s s rmpmEsen 8,116 0,56 6,86 9,46 33.46 6,30 | 23,13 48,44 4,770
Pyrethroid RU24366.........00000000200s 8,854 0,71 7,55 10,38 36,83 7,19 25,09 54,00 6,225
Heterogeneity value (7%)=9,49 at P=0,05 and DF=4
* Heterogeneity established and heterogeneity factor h=n_JfT used for calculation of variances. 95 %, Fiducial limits of LC 99 not

calculated for diazinon (1) and quinthiophos because chi-squared values indicated excessive heterogeneity
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TABLE 3A Significance of differences in LC 50 values of insecticides tested against R and S blowfly strains

LC 50 SE LC 50
p.p.m. p.p.m. *p
Insecticide Value
calculated
R S R S
Fenthionethyl...:covessasspivsoissyraram s 4 s wa i 3,09 0,17 0,26 0,03 11,15
IRISZOPROS S S s e sl G e 4,65 0,14 0,38 0,02 11,86
ChlorfenvinphoS(2): ;s ahavasiin i avns boaes sireirass 4,85 0,21 0,38 0,03 12,21
BT T (AT [ AR 0 S i e G I N Ty 5,24 0,09 0,78 0,02 6,60
J 5770 1) Jo 0 17 vl S Ay T S PR 5,26 0,23 0,46 0,03 10,94
Chlorfenvinphos + Fenchlorphos...........c.oiiiviein. . 5,41 0,39 0,50 0,06 9,96
BT (i el L0 o e St 5,53 0,38 0,46 0,05 11,19
CHIGEFETVINDEOS ELY s v itcrwmeathie sombopivs s penbnsas Bkt adzaniiks 5,93 0,24 0,45 0,06 12,53
{57000 5 Tatn T s te vy MmN DS T 6,19 0,45 0,51 0,05 12,10
COUTIIOIEOR, - - oevssoeim.vom st oot s i e senss e s 6,61 0.58 0,92 0,07 6,54
CarBOPRENOERION . v 565 iy s avminis o4 doks s o AR 8T e 8,12 0,94 0,56 0,12 12,54
Byrethroid BUF 24360 . v somimamns s sass i i v 55 8,85 1,29 0,71 0,15 10,44
.t LC 50 (R) -LC 50 (S)

=\/SE LC 50 (R)*+SE LC 50 (S)*
with t=2,262 at P=0,05 and DF =9 all calculated t values denote significant differences between R and S-strains

TABLE 3B Significant differences between LC 50 values and resistant factors

Difference between Factors of resistance (RF)
LC 50 values p.p.m.
Insecticides
Calculated | Significant | Calculated | Significant
* % Ete ]
Fenthion-ethyli cinamniesss s ihiimm it s s i e s swiairmva ey 2,92 >0,59 18,7 >4.,6
T T 5] T e e e g e e TR o e o N A il 4,51 >0,86 32,3 >6,9
BT (T 1) (e My e O T R o S S Al 4,64 >0,86 23.2 5,1
I T4 11 O A oy, o W <y At e M o 5,15 >1,76 60,4 >—
| Tty o 1 7 L i A i Mg o i N I g 5,03 >1,04 2.9 >35.5
Chiorfenyvinphios - Fenehlorphos. . ca s s sinss tos moae b sisomonm by 5,02 =>2,14 13,9 >3,9
|7 T s TR R S R S R e e S i L 9,15 >1,04 14,6 >3,7
RO EaDROEAI, ey 0 b et i b ol e e e 5,69 >1.02 25,1 > —
BrOMORHOTEIRTL & I ) o 0 o et sttt it gy mton g 2 s et 5,74 >1,59 13,9 =23
HRERIOPHOS: o oins. oot sdi e doe e A S v b e 6,03 >2,09 11,5 >—
(0] T 41 N S 0 PSS 7,18 >1,30 8,7 =>3,9
PYTEERTOI IR ARG v aa i psiaesrs s diess o s e i ) €38 O B 0 T R 7,56 >1,64 6,9 >2.3
Mean significant RF value (Org; PRoSphates) % . oo ciuiiiicrets snsisi st s i oo s s s as s st saniis >4,5
* Significant difference =SEy, (SE of difference) xt (t=2,26 at P=0,05 and DF=9)
LC 50 (R)
% 1 =
Calculated RF values LC 50 (S)
b LC 50 (S)-+Significant difference
wEE - =2
Significant RF-values LC30(S)
*%%* Mean significant RF value for organophosphorus insecticides=4, 5 (excluding those derived from significant heterogeneous

data)
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FIG. 2A Probit regression line and 95% fiducial bands for Diazinon (I) versus the S-strain of Lucilia cuprina
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FIG. 2B Probit regression line and 95% fiducial bands for Fenthion ethyl versus the R-strain of Lucilia cuprina

In Tables 4A and 4B variancy analyses of the
heterogeneity and parallelism of regressions were
undertaken for the 2 different experiments and the sum
of the squares of both tested for significance as y?2
values. Both proved to be non-significant at the test
level of P=0,05 and the appropriate number of D.F.
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As illustrated in Tables 5A and 5B, the potency of
the different insecticides (relative to the most potent
for each blowfly strain) was calculated from the
improved estimations of the regression equations by
using the value of a common slope (b).



TABLE 4A Variance analysis of heterogeneity and parallelism
of regressions (S-strain) and different insecticides
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TABLE 4B Variance analysis of heterogeneity and parallelism
of regressions (R-strain) and different insecticides

Degrees Degrees
Variance of Sum of squares Variance of Sum of squares
freedom freedom
Commonslope.......... 1 (Z'Sxy)»*\ _ Commonslope. ......... 1 (T sxy)\
(ESxx =884,0 T )—-839,5?
Deviation from parallelism 11 12,41* Deviation from parallelism 11 4,12*
& AT 1 i
Separate slopes. ......... 12 » (Sg) —896.41 Separate slopes. ... ... 2 5 (;ii) —843,69
Heterogeneity........... 60 & =: {9,29% Heterogeneity........... 48 & » = 53,72*
A, S s 72 (ZSyy) =965,70 L PR A 60 (ESyy) =897,41
* Non-significant at P=0,05 and appropriate DF (y2-test)
TABLE 5A Potency of different insecticides against the S-strain relative to Diazinon (1)
Regression equations 1
‘s Potency relative to
Insecticides M#** diazinon (1)
Original (computer) Improved estimations*
Diaziion (Lo svvvsvsnsom s vy y=6,740 141,638 3 x y=6,949 01,906 5 x —1,022 3 —
THAZOPROS, - osiwvsimesminssssanissa y=06,388 7+1,649 6 x y=6,548 241,906 5 x —0,8121 0,62
Fenthion-ethyl. ..., ecuseiviosiconss ¥y=6,4752+1.8868x | y=6,488 81,9065 x —~0.780 0 0,37
Chlorfenvinphos (2)..........cov.n. y=6,1725+1,7252x y=6,290 741,906 5 x —0,6770 0,45
Dichlofent_hion .................... ¥y=6,3357+2,102 1 x y=6,205 841,906 5 x —0,632 4 0,41
Chlorfenvinphos (1)................ y=6,1180+1,785 2 x y=6,195 841,906 5 x —0,627 2 0,40
Diazinon )i pissnuiiieain i y=5,996 142,367 5 x y=5,804 641,906 5 x —0,422 0 0,25
Chlorfenvinphos -+ Fenchlorphos. ... y=5,756 841,851 9 x y=5,781 64+1,906 5 x —0,4100 0,24
Bromophos-ethyl.................. y=5,7823+42,229 5 x y="5,647 941,906 5 x —0,339 8 0,21
CIBBIOPROS: v piios b tismatinss v=5,444 1+1,8520x y=5,453 1+1,906 5 x —0,237 6 0,16
Carbophenothion.................. y=5,0552+1,958 6% ¥=5,05094+1,906 5 x —0,026 7 0,10
Pyrethroid RU24366...........00.. y=4,75394+2,3122x y=4,758 741,906 5 x 0,103 6 0,07
” T ; ; = =3 2 Sxy
Improved estimation of regression equations (y)=y¥+b (x—X), where b= oK
** Log LC 50 (M]=i+5—;—y
_XSxy
Common slope (b) i =1,906 5
TABLE 5B Potency of different insecticides against the R-strain relative to Fenthion-ethyl
Regression equations i
=T Potency relative to
Insecticides M** fenthion-ethyl
Original (computer) Improved estimations*
Fenthion-ethyl. ...............c..e. y=3,2222+3,6327x | y=3,0833+3,8824x 0,493 7 —
T S S y=2.5878+3.6143x | y=2.,3830+3,8824x 0,674 1 0,66
Chlorfenvinphos (2)................ ¥y=2,2732+3.9782x | y=2,3464--3,8824 x 0,683 5 0,65
PRSI i e iR it i e y=1,8151+4.4301x | y=2,2228+3.8824x 0,715 3 0,60
Dichlofenthion. . .................. y=2,3721+3,6438x | y=2,1893+3,8824x 0,724 0 0,59
Chlorfenvinphos + Fenchlorphos. .. . y=2,019 2+4,066 8 x y=2,161 9-+-3 8824 x 0,731 0 0,58
DIREIRORATIC b ko vt s s F it y=1.8255414.2746x | y=2,1479+43,8824x 0,734 6 0,57
Chlorfenvinphos (1. ... ..ovvvovnns. y=1.7020+4.267 1 x | y=2,0379+3,8824x 0,763 0 0.54
Bromophos-ethyl. ................. y=1,8743+3,946 8x | y=1,9271+3,8824 x 0,791 5 0,50
21011 (o)) T S y=2,0550+3,589 9 x y=1,793 6+3,8824 x 0,8259 0,47
Carbophenothion. ................. y=1.5573+3.7862x | y—1,4656-+3.8824x 0,910 4 0,38
Pyrethroid RU24366............... y=1,434 9+3,764 0 x y=1,3150+-3,882 4 x 0,949 2 0,35

* Improved estimations of regression equations (y)=y-+b (x—X) where b=
** Log LC 50 (M) =X+

Common slope (b)=

5

b
2 Sxy
2 Sxx

=3,882 4

X Sxy
2 Sxx
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Discussion

In vitro evaluations were done with larvae rather
than with adults of the 2 blowfly strains because
blowfly control in the veld depends primarily on the
prevention of larval myiasis on the living sheep.
Larvae are also more resistant to insecticidal action
than adult blowflies (Harrison, 1967; Roxburgh &
Shanahan, 1973 and Arnold & Whitten, 1975), and
their levels of OP susceptibility do not corrzlate
(Arnold & Whitten, 1975). The use of adult flies in
these tests could therefore only lead to unreliable
results and the insecticidal requirements as to the
concentration of blowfly compounds either under- or
overestimated.

First instar larvae were used because it is essentially
this developmental stage that must be controlled in
any blowfly attack and because of a difference in
susceptibility between the first and later stages (Du
Toit & Fiedler, 1953a).

All insecticidal tests were done by using a slight
modification of the method of Roxburgh & Shanahan
(1973). Despite the merits of standard films of oil
solutions of insecticides on surfaces to be exposed
(Busvine & Barnes, 1953), only chemically pure
acetone was used for all insecticide solutions because
changes in concentration gave fairly sensitive changes
in recorded mortality of exposed larvae. Chromato-
graphy paper No. 3MM was used as neutral matrix
because this facilitates counting and ensures more
reliable data of deaths for computer analysis.

Bovine serum was used instead of ovine throughout
these experiments since it gave better results in the
preliminary trials and was more readily available.
The use of specially prepared funnels for the hatching
of blowfly eggs prevented desiccation and enabled
the larvae to be concentrated.

The statistical calculations for heterogeneity (x®
test) showed that only 5 of the original 24 tests were
significantly heterogeneous. This high level of relia-
bility proves that the in vitro test as employed in these
experiments was sufficiently dependable for further
consideration.

The superiority of LC 50 over LC 99 values in all
bioassays where results were statistically analysed is
obvious from the tabulated values of their standard
errors and 959% fiducial limits as well as from the

width of the 959 fiducial bands as illustrated in Fig.

2A and 2B. This level of response should be preferred
in screening tests for candidate insecticides as well as
for the calculation of factors of resistance. A minimum
lethal concentration (MLC) is even less reliable than
a L(].'.‘ 99 value and both are difficult to estimate accu-
rately.

By using the more reliable LC 50 values it was
proved statistically that the Riversdale strain of
blowflies possesses a marked degree of resistance to
the majority of organophosphorus insecticides. Resis-
tance factors vary from 8,7 in carbofenothion (which
is not registered for blowfly control in S.A.) to a
factor of 60,4 in one of the diazinon formulations,
Despite its high factor of resistance the latter formu-
lation is still widely used in the Riversdale area because
of the excellent period of protection afforded.

Resistance factors only become significant in the
organophosphorus insecticide group where these
values exceed the mean value of 4,5 (excluding those
derived from significant heterogeneous data). This is in
accordance with the statement of Shanahan & Hart
(1966) where a factor under 5 was termed a tolerance
and not a resistance.
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The difference between the 2 chlorfenvinphos for-
mulations in terms of their factors of resistance is not
marked, whereas that between the 2 diazinon formu-
lations is exceptionally large and not easy to explain,

The insecticidal action of different blowfly
compounds can only be compared on the basis of
relative potencies. A common slope must therefore
be estimated and the individual slopes of the different
insecticides must not depart significantly from this
estimation. Another approach, especially where slopes
differ considerably (i.e., more than they do in the
present experiments) would be to treat relative potency
as a function of response level as postulated by
Confield (1964).

In the present example the sums of squares of both
heterogeneity and deviation from parallelism were
tested in a variance analysis for significance as y?
values (Tables 4A and 4B). Both proved to be non-
significant at P=0,05, and DF=>30 and 11, respec-
tively, for each blowfly strain tested. Potency determi-
nations could therefore be undertaken by using the
common regression coefficient (b) to calculate the
improved estimations of the different regression
equations in each of the R and S series of tests.

In a direct comparison of insecticidal potency as
determined in the laboratory it can therefore be stated
that for the susceptible blowfly strain of L. cuprina
(S-strain) and relative to the most potent insecticide
tested, namely diazinon (1), potencies varied from 0,07
(pyrethroid RU 24366)—0,62 (triazophos). For the
resistant Riversdale strain (R-strain) and relative to
the most potent insecticide, namely, fenthion ethyl,
potencies varied from 0,35 for the pyrethroid RU
24366—0,66 for triazophos.

At present candidate insecticides for blowfly control
are screened at Onderstepoort at an LC 50 value of
10 p.p.m. or at the less reliable LC 99 value of 40
p.p.m. These 2 values represent the poorest perfor-
mance of any organophosphorus insecticide tested
against resistant blowflies from the Riversdale area.
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