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Laboratory bioassays of insecticides against larvae of 
the sugarcane soldier fly, Inopus rubriceps (Macquart) 
(Diptera: Stratiomyidae) 

P. R. Samson, Bureau of Sugar Experiment Stations, P.O. Box 651, 
Bundaberg, Queensland 4670, Australia. 

Summary 
The activities of 2] insecticides against 
larvae of Inopus ruhriceps were com
pared in laboratory bioassays during 
1990-1991. Larvae were cOllfined in 
treated soil for 5 weeks followed by 3 
weeks in dean containers. Eight organo
phosphates, five carhamates, four 
pyrethroids, and dieldrin had LCSO val
ues in the range 0.4-2 mg a .i. kg·t , 

Carbofuran and aJdicarb were the most 
active of these compounds. Fenamiphos, 
thiodicarb, and f1ufenoxuron (insect 
growth regulator) had lower activity. Po
tential application strategies are dis
cussed. 

Introduction 
Larvae of the sugarcane soldier fly ["opus 
rubriceps (Macquart) are root-feeding 
pests of sugarcane in Australia (Hitchcock 
1970). Larvae live for one or more years 
and have up to 12 instars (Hitchcock 
1976). Damage is usuaUy seen in ratoon 
crops, several years after sugarcane is 
planted. lnfested crops fail to ratoon after 
harvest and must be prematurely 
ploughed-out. 

Dieldrin broadcast on the soil and incor
porated before planting has been recom
mended fo r control of I. rubriceps in 
sugarcane since the 1960s (Stickley and 
Hitchcock 1972). However, dieldrin is no 
longer registered and there is an urgent 
need to develop alternative control meas
ures. I carried out laboratory bioassays of 
some soil insecticides to identify those 
with promise for contro l of 1. rubriceps, as 
a preliminary to field experiments. 

Materials and methods 
The insecticides tested were chlorpyrifos 
(Ee, 500 g L"'), ethoprophos (EC, 200 g 
L"'), fenamiphos (EC, 400 g L"'), isazofos 
(EC, 500 g L-'), cadusafos (EC, 250 g L-'), 
isofenphos (EC, 500 g L"'), parathion (EC, 
500 g L"'), phorate (G, 100 g kg-'), terbufos 
(G, ISO g kg-'), carbofuran (SC, 350 or 360 
g L-'), aldicarb (G, 150 g kg-'), carbosulfan 
(EC, 250 g L-'), furathiocarb (EC, 400g L"'), 
thiodicarb (f1owable, 375 8 L-'), oxamyl 
(EC, 240 8 L"'), tefluthrin (EC, 50 g L-' ), 
bifenthrin (EC, 100 g L-'), alpha
cypermethrin (SC, 250 g L-'), cyfluthrin 
(EC, 50 g L-'), f1ufenoxuron (EC, 50 g L-'), 
and dieldrin (EC, 300 g L-'). 

Insecticides were tested in 1990 and 
1991 (bioassay Series 1 and Series 2). 
Chlorpyrifos and carbofuran were in-

eluded as reference insecticides each 
year. Fresh stocks of these compounds 
were obtained for the second year, and a 
differen t formulation of carbofuran was 
used (Series 1 = seed treatment formula
tion, 350 g L"' ; Series 2 = 360 g L-')_ 

The likely activity of insecticides in field 
use was tested by a soil bioassay. Each in
secticide was incorporated with alluvial 
sandy loam (14% clay, 9% silt, 77% sand) 
atsix concentrations, selected in a prelimi
nary screen to obtain graded responses 
from zero to complete mortality. Concen
trations applied were 0.1, 0.2, 0.5, 1,2, and 
5 mg kg-I, except for cadusafos, phorate, 
terbufos, aldicarb, and alpha
cypermethrin (0.2, 0.5, 1, 2, 5, and 10 mg 
kg-'), fenamiphos and bifenthrin (0.5, 1, 2, 
5, 10, and 20 mg kg-'), and dieldrin and 
f1ufenoxuron (1, 2, 5, 10, 20, and 50 mg 
kg-l) . Concentrations refer to active ingre
dient. 

Soil was treated at 13% and 11% mois
ture content (dry-weight basis) in Series 1 
and 2, respectively. The soil for each repli
cate (400 g) was spread in a shallow layer 
in an aluminium pan. Aqueous diluted 
insecticide (4 ml) was applied by pipette 
onto the soil surface. Granular insecti
cides were ground to a powder using a 
mortar and pestle, and weighed dosages 
sprinkled onto the surface. The treated 
soil was then shaken and transferred to a 
plastic cup. Three replicates of each treat
ment were prepared, and controls were 
double-replicated . 

Larvae of 1. rubriceps were obtained 
from canefields in southern Queensland 
in January each year. They were of unde
termined instar; mean weights were 17 
mg in Series 1 and 19 mg in Series 2_ 
Twenty larvae were added to each repli
cate the day after treatment. They were 
removed from the soil 32-34 days later 
and classified as alive or dead. Dead lar
vae were discoloured or swollen. A small 
proportion of larvae infected with the 
fungal pathogen Metarhizillm anisopliae 
were removed from the bioassay and not 
included in further calculations. Living 
larvae were transferred to petri dishes 
containing only moist filter paper and re
classified after further periods of 7, 21, 
and 35 days to determine the end-point 
mortality. In Series I, a mobility test was 
carried out on larvae remaining after the 
35-day reclassification, as some larvae 
from dieldrin-treated soil were classified 

as alive but did no t appear normal. Sur
viving larvae were placed. in a surface de
pression in a soil-filled dish, and their abil
ity to burrow into the soil was observed for 
a further 14 days. Bioassays were carried 
out at 25°C. 

In Series I, cumulative mortality of lar
vae exposed to insecticide-treated soil 
was corrected for control mortality at each 
assessment using Abbott's formula 
(Abbott 1925). Dosage-response regres
sions were then calculated by the probit 
method (Finney 1971) using software de
veloped by the Queensland Department 
of Primary Industries. In Series 2, high 
control mortality required maximum 
likelihood estimation of the probit model 
and of mortality at zero dose using MLP 
3.06 (Ross 1980)_ In both series, a hetero
geneity factor was applied when the X'
test indicated heterogeneous data 
(P=0.05). Activity of each insecticide was 
thus summarized by the slope of the log 
concentration-probit mortality (lc-p) line 
and the concentrations that were lethal to 
50% and 99% of the larval population 
(LC50 and LC99, respectively). 

Results 

Bioassay assessment procedures 
Cumulative control mortality at succes
sive assessments averaged 9, 11 , 13, and 
19% in Series I, and 9, 16, 23, and 34% in 
Series 2. Control mortality after the mo
bility test in Series 1 averaged 22%. 

There was a reduction in the LC50 with 
a more substantial reduction in the LC99 
of most insecticides with successive as
sessments of mortality (Figures 1 and 2)_ 
This indicates that affected larvae contin
ued to die after removal from trea ted soil. 
However, changes in response param
eters were less marked between the later 
assessments, while increasing control 
mortality made the later results less reli
able. The third assessment, 21 days after 
removal of larvae from treated. soil, was 
accepted as a compromise betwe<2n 
achieving end-point response and avoid
ing high control mortality. Complete re
sponse statistics for this assessment are 
given in Tables 1 and 2. 

With most insecticides in Series 1, lar
vae classified as "alive" at the final assess
ment were usually mobile in soil. With 
dieldrin, however, many larvae failed the 
mobility test. Affected larvae curled into a 
"C" shape, but maintained a hea lthy ap
pearance and colour. Probit analysis us
ing mobility as the criterion of response to 
dieldrin showed a much steeper response 
gradient, slope ± s.e = 2.9 ± 0.96, and 
lower values of the LC50, 1.0 mg kg-' (95% 
limits = 0.004 -1.7 mg kg-'), and LC99, 6.4 
mg kg·', than when visual appearance 
alone was used to classify larvae. 
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Figure 1. Response parameters of I. ntbriceps to insecti
cides in bioassay Series 1, in four successive assessments 
of mortality (}'3S d after removal of larvae from treated soil. 
LC99s are not given for dieldrin as they were very large. 

Figure 2. Response parameters of I. ntbriceps to insecti
cides in bioassay Series 2, in four successive assess
ments of mortality (}'3S d after removal of larvae from 
treated soil. 

Table 1. Activity of insecticides against I. nlbriceps in bioassay Series 1, 
assessed 21 days after larvae were exposed to treated soil for 32 days at 
2S·C. 

Insecticide slope ± s.e. LC50 (95% limits) LC99 
mgkg·' mgkg-' 

Organophosphates 
chlo rpyrifos 3.1 ± 0.57 0.36 (0.23-0.50) 2.1 
ethoprophos 2.3 ± 0.59 0.56 (0.23-0.99) 5.9 
fenamiphos 4.1 ± 1.16 3.2 (0.92-5.6) 12 
isazofos 2.1 ± 0.45 0.46 (0.25-0.75) 5.6 
cadusafos 2.7 ± 0.60 0.51 (0.28-0.76) 3.7 

Carbamates 
carbofuran 3.6 ± 0.81 0.31 (0.17-0.46) 1.3 
aldicarb 2.7 ± 1.21 ns 0.21 1.6 

Pyrethroids 
bifenthrin 4.2 ± 0.66 1.4 (1.1-1.6) 4.9 
alpha-cypermethrin 2.8 ± 0.52 0.77 (0.49-1.1) 5.3 

Cyclodiene 
dieldrin 0.6 ± 0.23 29 (11-1824) >1000 
Insect growth regulator 
flufenoxuron 1.4 ± 0.34 6.5 (2.7-12) 330 

ns, P>0.05 

Series 1: Comparisoll of illsecticides 
(Table 1) 
The organophospha tes chlorpyrifos, 
ethoprophos, isazofos, and cadusafos 
had similar LC50s in bioassay Series 1. 
Chlorpyrifos was the most effective, with 
an LC99 always less than tha t of the oth." 
compounds (see also Figure I) . 
Fenamiphos was less effective than the 
other organophosphates. 

The carbamates carbofuran and 
aldicarb were very effective, as good as or 
better than the organophosphates. The 
pyrethroids alpha-cypermethrin and 
bifenthrin were not as effective as the best 
organophosphates and carbamates (see 
also Figure I). 

The cyclodiene dieldrin seemed ineffec
tive when visual appearance was used as 
the criterion of response (Table I), but was 
much more effective when immobile lar
vae were classed as responding. Using 
this criterion, the activity o f dieldrin was 
comparable with that of most other insec
ticides. 
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Table 2. Activity of insecticides against 1. ntbriceps in bioassay Series 2, 
assessed 21 days after larvae were exposed to treated soil for 34 days at 
2S"C. 

Insecticide slope ± S.e. LCSO (95% limits) LC99 
mgkg" mgkg" 

Organophosphates 
chlorpyrifos 3.3 ± 0.50 0.84 (0.56-1.1) 4.3 
isofenphos 3.3 ± 0.73 0.80 (0.S3-1.0) 4.0 
parathion 2.8 ± 0.46 0.90 (0.63-1.1) 6.2 
phorate 4.2 ± 1.1 1.2 (0.79-1.S) 4.3 
terhufos 6.8 ± 2.5 ns 1.7 3.7 

Carbamates 
carbofuran 2.9 ± 0.41 0.47 (0.34-0.61) 2.9 
carbosulfan 3.4 ± 0.74 0.80 (0.5S-1.0) 3.8 
furathiocarb 3.0 ±0.63 0.77 (0.4S-1.0) 4.5 
thiodicarb >5 
ox.myl 2.7 ± 0.56 1.8 (1.1 -2.5) 13 

Pyrethroids 
tefluthrin 3.0 ± 0.45 1.5 (1.2-1.8) 8.9 
cyfluthrin 1.8 ± 0.29 1.0 (0.66-1.4) 21 

ns, P>O.OS 

Table 3. Factors that may influence efficacy of insecticides against larvae of 
I. ntbriceps. 

Insecticide Activity 
against 

l. rubricepsl 

Organophosphates 
chlorpyrifos 1.0 
ethoprophos 0.6 
fenamiphos C.I 

isazofos 0.8 
cadusafos 0.7 
isofenphos 1.1 
parathion 0.9 
phorate 0.7 
terbufos 0.5 

Carbamates 
carbofuran 1.2, 1.8 

aldicarb 1.7 
carbosulfan 1.1 
furathiocarb 1.1 
thiodicarb low 
oxamyl 0.5 

pyrethroids 
tefluthrin 0.6 
bifenthrin 0.3 
alpha-cypermethrin 0.5 
cyfluthrin 0.8 

Cyclodiene 
dieldrin 0.4 

Insect growth regulator 
f1ufenoxuron 0.06 

Water 
solubility 
(mg L")" 

2 
750 
400 

250 
250 
20 
10 
50 
JO 

320 

6000 
0.03 
JO 
35 

280000 

0.Q2 
0.1 

0.Q1 
<2 

0.2 

<0.001 

Systemic 
actionl 

No 
No 
Yes 

Yes 
? 

Yes 
No 
Yes 
Yes 

Yes 

Yes 
Yes 
Yes 
No 
Yes 

No 
No 
No 
No 

No 

? 

Other 
considerations· 

Registered in sugarcane 
Registered in sugarcane 
Registered in sugarcane 
Effective in N.Z.5 

Very effective in N.Z.' 
Repels larvae in N,Z,' 
Effective in N.Z.' 

Registered in sugarcane 
Very effective in N.Z.' 
Registered in sugarcane 

Effective in sugarcane 
for I. rllbriceps 

, LCSO of chlorpyrifos divided by that of each insecticide in the respective bioassay 
series, i.e ., higher value equals greater activity; LeSO of dieldrin from mobility test 

2 At 20 or 2S' C 
3 Worthing and Hance (1991) 
4 Sugarcane registrations refer to Queensland, 1992 
, Robertson (1979) 

The IGR flufenoxuron had low activity. 
Lc-p lines using flufenoxuron were very 
flat, resulting in long extrapolations to es
timate values of the LC99. 

Series 2: Comparison of insecticides 
(Table 2) 
All five organophosphates had similar ac
tivity in bioassay Series 2. The LCSO of 
terbufos was higher than that of the other 
compounds but fiducia l limits could not 
be estimated because of non-significance 
of the Ie-p line. The LC99 of terbufos was 
similar to that of the other organo
phosphates. Chlorpyrifos was less active 
than in bioassay Series I (Tables I and 2). 

Among the carbamates, carbosulfan 
and furathiocarb seemed less active than 
carbofuran, although the fiducial limitsof 
their LCSOs overlapped. Oxamyl was less 
active than these compounds. Thiodicarb 
had low activity, with an LCSO greater 
than the highest tested concentration of 5 
mg kg-I. The activity of carbofuran was 
similar in both Series I and Series 2 (Ta
bles I and 2) . 

The pyrethroids tefluthrin and 
cyfluthrin had similar activity, less than 
that of the best organophosphates and 
carbamates. 

D iscussion 
There was little difference between the 
activity of most insecticides. The 
pyrethroids were no more active than the 
organophosphates and carbamates, sug
gesting that their usefulness will be lim
ited. The insect growth regulator, 
flufenoxuron, appeared less active than 
the more conventional chemicals but may 
have perfo rmed better in a longer-term 
bioassay. 

Dieldrin did not show a high activity in 
the bioassays. It has been used co mmer
cially in sugarcane but at a high rate, 6.7 
kg a.i . ha-I , and its very long residual life 
must have contributed to its success. In 
pasture in New Zealand, the abnormally 
high rates of dieldrin and other chlorin
ated hydrocarbons needed to control lar
vae eventually produced an inferior 
sward (Hewitt 1964). Organophosphate 
and carbamate insecticides subsequently 
proved superior (Robertson 1979). 

Potential strategies for use of insecti
cides against I. rubriceps in sugarcane in
clude application to ratoon crops after 
damage is observed, to fallow fie lds or 
plant crops to disinfest the soil, and to 
plant crops to provide residual protection 
for subsequent ratoons. These three strat
egies make different demands on insecti
cides. Table 3 summarizes present knowl
edge of activity and other factors that may 
influence efficacy. 

Insecticides applied to ratoon crops 
cannot be incorporated throughout the 
soil zone inhabited by larvae of 
I. rubriceps. Therefore, insecticides for use 
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in ratoons must be mobile in the soit sys
temic in the plant, or both, if they are to 
contact larvae. Insec ticides which re
duced larval numbers in New Zealand 
maize - carbofuran, phorate, fenamiphos, 
and isofenphos - are all systemic. Several 
systemic compounds are used in 
sugarcane for control of nematodes (Ta
ble 3). Of these, the carbamates 
carbofuran and aldicarb have high activity 
against I. rubriceps . Aldicarb is the more 
water-soluble and is highly systemic. 
However, New Zealand w ork indicated 
that carbofuran was more effective than 
aldicarb against 1. rubriceps in pasture 
(Dixon 1976). 

Insecticides applied to fallow fields can 
be readily incorporated, and insecticides 
applied to the plant crop can be placed at 
an appropriate depth during filling-in of 
the planting drill. Therefore, mobility will 
be less important when selecting an insec
ticide suited to strategies of disinfestation 
or residua l protection. For initial 
disinfestation of soil, any of the insecti
cides listed with high activity in Table 3 
may be suitable. Systemic insecticides 
such as carbofuran and aldicarb may still 
be superior to contact poisons if insecti
cides are applied after planting. For re-

s idual protection of sugarcane ratoons, 
none of the chemi..:a ls except dieldrin is 
sufficiently long-lived in a conventional 
formulation. Controlled-release formula 
tions may be more suitable. Chlorpyrifos 
is available in a formulation (suSCon 
Blue, lncitec) which releases active ingre
dient over several years and is used in 
sugarcane to control canegrubs 
(Coleoptera: Scarabaeidae). 

In sum, many insecticides were identi
fied with comparable activity to dieldrin. 
However, none has the same residual ac
tivity and they will require different ap
plication strategies. Several of the most 
active insecticides are already used in 
sugarcane and would be logical candi
dates for future field trials. 
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