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Application methods for granular insecticides to con
trol Heteronyx piceus Blanchard (Coleoptera: 
Scarabaeidae) larvae in peanuts in Queensland 

D.J. Rogers and H.B. Brier, Queensland Department of Primary Industries, 
P.O. Box 23, Kingaroy, Queensland 4610, Australia. 

Summary 
Between 1980 and 1989 three application 
methods for granular insecticides were 
evaluated against the peanut scarab, 
Heterouyx picells Blanchard (Coleoptera: 
Scarabaeidae). The application methods 
were (1) in-furrow application at plant
ing, (2) surface-incorporated bands at 
planting and (3) post-planting band ap
plication. All three application methods 
were found to be effective for at least 
some of the chemicals tested. 

All chemicals applied at planting, us
ing either surface bands or in-furrow 
treatments, were effective. The chemicals 
evaluated were aldicarb, carbofuran, 
ethoprophos, fensulfothion, isofenphos, 
phorate and terbufos. The data for 
carbofuran applied at planting indicate 
that in· furrow treatments were more ef
fective than surface bands. Post-planting 
applications appeared to have the least 
potential for peanut scarab control due to 
the lack of irrigation and unreliable rain
fall patterns. In addition, post-planting 
application was ineffective for terbufos 
and phorate. The most product-efficient 
treabnent evaluated in the trials was O.S 
kg ha·1 of carbo fur an applied in-furrow at 
planting. 

In two trials where crop yields were re
ported, yield increases from control of the 
peanut scarab averaged 357 and 450 
kg ha-I , respectively. 

Introduction 
Heterony:r picel/s Blanchard is the major 
scarab pest species associated with peanuts 
in the South Burnett area of Queensland 
(Rogers et aJ. in press), comprising ap
proximately 90% of the scarab fauna asso
ciated with the crop. H. rugosipe"lIis 
Macleay usually contributes another 5%, 
with an additional 10 species comprising 
the remainder of the population (Rogers et 
al . in press). 

H. pice 115 is a univoltine species whose 
biology is closely tied to the development 
of the peanut crop. Adults emerge from the 
soil after early summer storms between 
mid-October and early December. Females 
feed on the foliage o f the newly emerged 
peanut seedlings before laying eggs under 
the crop row. First instar larvae apparently 
feed on o rganic matter, as do many young 
white grubs (Gough and Brown 1988, 
Wilson 1969), while the second and third 
instars attack the pegs (incipient pods) and 

pods. Plants are not killed by H. piceu, at
tack. Larvae complete development by the 
time the crop is mature and overwinter 
deep in the soil before pupating in spring. 
After eclosion, adults remain in their pupal 
cells until early summer storms trigger 
emergence from the soil. Larval 
populations of H. pjcells can reach 24 m-I in 
commercial crops in the South Burnett re
gion (Rogers et al. in press) but densities of 
4-10 larvae m-I are more typical. Yield 
losses from this scarab species are substan
tial and control of the pest would be war
ranted on many peanut crops in the region. 
H. picells is also a minor pest of peanuts on 
the Atherton Tableland o f north Queens
land (Gough and Brown 1988). 

The relationship between H. piceus and 
the host plant differs from that recorded for 
other white grub species on peanuts in 
Australia (Gough and Brown 1988), India 
(C.p.s. Yadava, personal communication) 
and Africa (J . Wightman, personal com
munica tion). Because control strategies for 
these o ther species are of minimal rel
evance to the chemical control o f H. pict us, 
it was important to evaluate general ap
proaches to chemical control of H. picells. 
This paper reports on three placement 
strategies for granular insecticides applied 
for H. piceus control: (1) in-furrow applica
tion at planting, (2) surface-incorporated 
band application at planting, and (3) post
planting band application. The paper also 
presents data on yield losses associated 
with H. piceus infestations in peanuts. 

Materials and methods 
The experiments were conducted between 
1980 and 1989 in areas of the South Burnett 
region with a history of peanut scarab in
festa tion . The first series of tria ls (Tables 1-
3) evaluated the effect of chemical applica
tions at planting and post-planting "over 
the row", using a variety of chemicals. The 
second series of experiments (Tables 4 and 
5) evaluated the effects of chemical incor
poration in a band over the plant row as 
well as in-furrow application at planting, 
using carbofuran as the test chemical. 

Ten percent granular formulations of the 
following pesticides were used in these tri
als: a ldicarb (Temik~), carbofuran 
(Furadan~), ethoprophos (Mocap"), fen
sulfothion (Dasani!"), phorate (Thime!" 
and terbufos (Counter» . A 5% formulation 
of isofenphos (OftanoIO) was used. Rates of 
application (active ingredient) a re given in 

the Tables. From 1983, all trials used 
carbofuran as the standard test chemical as 
it can control the root-lesion nematode 
(Pratyiencilll' brachyunls (Godfrey» (P.c. 
O'Brien, personal communication) as well 
as H. piceu, (Rogers and Brier, unpublished 
data). 

Virginia Bunch peanuts were planted in 
9] em rows at commercial plant densities 
between mid-November and mid-Decem
ber of each year, the normal planting pe
riod. The trials were laid out in randomized 
block designs with four to eight replica
tions, depending on the number of treat
ments. Plots were four rows wide and 10 to 
20m long. 

In the 1980/81 and 1981 /82 seasons, 
granules were preweighed for each plot 
and applied using a modified coneplanter. 
From 1983, Gandy'" granule application 
equipment was used for all insecticide ap
plica tions. In-furrow treatments were ap
plied through the planting tyne with the 
seed. The granules were distributed in a 
band approximately 3 cm wide and at the 
same depth as the seed. At-planting band 
applications were applied to the soil sur
face immediately in front of the p lanting 
tyne. Soil movement created by this tyne 
incorporated the granules into the soil sur
face. Band widths between 15 cm and 35 
cm were tested in the trials. Post-planting 
band applications (1980/81) were applied 
27 days after planting by dropping gran
ules over the plant row in a 20 em wide 
band, with most of the granules concen
tra ted in the central8cm of the treated area. 
Only a few granules were trapped in foli ' 
age. Almost all applied granules in post
planting applications reached the soil sur
face where they were covered immediately 
using an inter-row tyne cultivator. 

Data were collected from the central two 
rows of each plot. At crop maturity, H . 
piceus larval populations were assessed by 
dry sieving the soil from randomly selected 
sites within each plot. In 1980/81, four sin
gle plants/plot were sampled whi le in all 
other trials either four (1981 /82) or six 0.5 
m sections of row were sampled per plot. 
Larvae were preserved in KAA(2} fixative 
(Came 1951) and spedated according to the 
criteria lis ted by Rogers et al. (in press) . 
Pods from sam pled plants were assessed 
for larval feeding damage, typically a hole 
eaten into the distal end of the pod . 

In 1981/82, some phytotoxicity was ap
parent and plant density (28 days post
planting) and plant canopy width (63 days 
post-planting) were recorded in each plot. 
In 1987/88, yield data were obtained from 
27 m of row harvested with commercial 
harves ting equipment. In 1988/89, crop 
yield was calculated from the six 0.5 m 
samples. Preplanting soil samples of the 
1987/88 and 1988/89 trial sites indicated 
tha t root-lesion nematode populations 
were too low to affect crop yield. 



Results 
Granule placement affected terbufos effi
cacy against H. piceus (Table 1). In 1980/81, 
an in-furrow treatment was highly effec
tive against the pest but a post-planting 
band application caused almost no larval 
mortality and did not reduce crop damage. 
In 1981/82 an additional trial with in-fur
row terbufos applications (Table 1) estab
lished that there was no significant differ
ence in efficacy in the 1-3 kg a.i . ha-I rate 
range. These ITials established that in-fur
row applications at planting have potential 
for the control of H. pice us at moderate 
chemical application rates. 

Thecultivation treatment associated with 
the post-planting chemical applications 
(Table 2) had no effect on white grub num
bers or damage. Of the chemicals tested, 
phorate and terbufos were ineffective 
while ethoprophos, fensullothion and 
isofenphos significantly reduced larval 
numbers and crop damage. 

The 1981 /82 ITial (Table 3) confirmed the 
efficacy of 3 kg a.i. ha-! terbufos and also 
showed that aldicarb, ethoprophos, 
fensulfothion, isofenphos and phorate con
rral the peanut scarab when applied in the 
furrow at planting. However the trial 
found that at least one of these chemicals, 
ethoprophos, can cause significant 
phytotoxicity when applied in this manner, 
reducing plant density and the size of the 
surviving plants. 

Theellect of at-planting surface-incorpo
rated bands (15 and 35 cm wide) of 
carbofuran were investigated during 1983/ 
84 (Table 4). Within both band widths, H. 
piceus larval density and damage declined 
as carbofuran rate increased. Band width 
did not allect the level of H. pice!1S control 
at either the 0.4 kg ha-! or 0.8 kg ha-! rates. In 
this experiment, at least 0.8 kg ha '! 
carhofuran was required. for satisfactory 
control of peanut scarab. 

The final trials (Table 5) compared in-fur
row and banded carbofuran applications in 
two successive years_ In 1987/88, all treat
ments significantly reduced larval 
populations and damage and significantly 
increased crop yield. In this ITial, 
carbofuran ITearrnent increased yield by an 
average of 450 kg ha-I , a 72 % increase over 
the untreated conlTol. At the 1 kg ha-! rate, 
the in-furrow treatment produced a level 
of scarab control equivalent to the band 
application but had significantly fewer 
damaged nuts. The 0.5 kg ha'! in-furrow 
treatment produced control not signifi
cantly different from the I kg ha-! band 
treatment. However, the level o f contro l 
from the 0.25 kg ha-! in-furrow application 
was significantly lower than the 1 kg ha-! 
trearrnent, both banded and in-furrow. It 
also had significantly more damaged nuts 
than the 0.5 kg and 1.0 kg in-furrow treat
ments. 

The 1988/89 experiment included two 
band widths (IS cm and 25 cm) at planting 

Plant Protection Quarterly VoI.7(2) 1992 49 

Table 1. Control of Heteronyx picells with in-furrow and post-plan ting 
applications of terbufos. 

Application Method 

1980/81 
Control 

Terbufos 
Rate (kg ha'!) 

At-planting in-furrow 
Post-planting band (20 cm) 

3 
3 

1981/82 
ConlTol 
At-planting in-furrow 
At-planting in-furrow 
At-planting in-furrow 

I 
2 
3 

Larval 
Density" 

26.4a 
3.1c 

17.4b 

6.9a 
1.6b 
1.6b 
0.4b 

Damaged Nuts 
(%) 

22.1a 
2.6b 

19.9a 

5.5a 
1.7b 
l.4b 
l.4b 

Within experiments, means fo llowed by the same letter are no t significantly different. 
(P=0.05, Fisher's LSD test) . 
'Larvae per four plants in 1980/81, larvae per meITe in 1981 /82. 

Table 2. Control of Heteronyx picells with a post-plantin g over-th e-row 
application of granular insecticides (3 kg a.i. ha·t

) 1980/81. 

Treatment Larvae/ 4 plants Damaged Nuts (%) 

Uncultivated conlTol 14.8a 16.5a 
Cultivated control 12.5ab 16.4a 
Ethoprophos 4.5c 3.6b 
Fensullothion 1.30 2.4b 
lsofenphos 3.Oc 5.2b 
Phora te 11.8a b 19.3a 
Terbufos 9.5b 15.6a 

Means followed by the same letter are not Significantly different (P=O.05, Fisher's LSD test). 

Table 3. Control of Heteronyx picells with an in-furrow application at 
p lanting of granu lar insecticides (3 kg a.i. h a·t

) 1981/82. 

Trearrnent Larvae/m Damaged Plant Density" (pl/m) Plant Width' (cm) 
(63 d post-planting) Nuts (%) (28 d post-planting) 

ConlTol 4.8a 7.0a 6.2a 65.0ab 
Aldicarb 1.0b 2.5b 6.3a 68.la 
Ethoprophos I.3b l.1c 4.8b 51.7c 
Fensullothion O.5b 1.2c 6.0a 63.3b 
lsofenphos Ob !.Ic 6.3a 66.1ab 
Phorate 0.8b I.3bc 6.2a 63.2b 
Terbufos 0.6b I.Oc 6.3a 66.9ab 

Means followed by the same letter are not Significantly different (P=O.05, Fisher's LSD test). 
~Square root transformation before analysis. Equivalent means are presented. 

as well as in-furrow treatments. As in 
1987/88, aU carbofuran trearrnents signifi
cantly reduced larval numbers and dam
age and significantly increased crop yield. 
The yield increase averaged 357 kg ha-! 
across the seven carbofuran treatments. For 
the banded applications at planting, band 
width had no Significant effect on ellicacy 
as there were no Significant differences in 
pest numbers or damage between band 
widths for either application rate. However 
in the 25 cm band, the level of conrrolfrom 
0.5 kg ha-! was significantly worse than that 
from 1.0 kg ha-!. This significant dillerence 
in efficacy was not detected in the 15 cm 
band width. For the in-furrow treatments, 
scarah control, damage and crop yield 
were equivalent across the rate range from 
0.25 to 1.0 kg ha·!. In-furrow ITeatments 
down to 0.25 kg ha-! were equivalent to 1.0 

kg ha-! in either band width, on the basis of 
crop yield, pest nU!'(lbers and damage. This 
is in conlTast to the 1987/88 trial, where the 
0.25 kg ha-! in-furrow ITearrnent gave a sig
nificantly lower level of conrral to I kg ha-!, 
banded or in-furrow. 

Discussion 
These experiments show that granular in
secticides can be used to control the peanut 
scarab, H. piceus, when applied in the 
planting furrow, as surface-banded appli
cations and as post-planting over-the-row 
treatments. However, for two of the chemi
cals tested, phorate and terbulos, at-plant
ing treatments were effective against the 
pest while post-planting applications were 
no t. 

In the post-planting ITial (Table 2), 101 
mm of rainfall was received in 5 faUs be-
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tween 4and 10days after chemical applica
tion. Rainfall, or irrigation, is known to be 
important in detennining efficacy of prod
ucts such as ethoprophos when applied as 
post-planting treatments (Allsopp and 
Hitchcock 1985). Peanuts in the region are 
grown without irrigation and early sum
mer rainfall is unpredictable. Conse
quently, the post-planting applica tions 
trialJed here may not have wide commer
cial applica tion if applied with the tech
niques used in this experiment. 

While bands and in-furrow applica tions 
at planting can both control peanut scarab 
damage, the data suggest that lower chemi
cal rates can be used for in-furrow applica
tions. However, a t-planting banded appli
cations of chemicals such asca rbofuran can 
be used to provide simultaneous control o f 
the root-lesion nema tode (P,C. O'Brien, 
personal communication) and the peanut 
scarab. Where H. piceus alone is present, the 
in-furrow applica tion would be the pre
ferred option. Some phytotoxicity was de
tected with this application method with 
e thoprophos (Table 3) at the applica tion 
rate of 3 kg aj. ha·' . This problem would 
no t be expected from any of the chemicals 
tested at lower, commercia l, application 
rates. 

White grub population density varied 
widely from year to year because early sea
son weather patterns, especially rainfall, 
were mo re suitable fo r adult flights and 
activity in some years than o thers. Where 
good early season rains (mid-October to 
early November) fell , adult activity oc
curred over a longer period than usual, 
leading to higher adult infesta tion levels 
and, as a result, higher larval populatio ns. 
Early-planted crops (mid-October to early 
November) a lso tend to have higher larval 
populations as they are subject to adult in
festation over a longer period. o f time. 

The percent o f damaged nuts, re lative to 
larval populations, also showed wide vari
ation from year to year. In 1988/89, 7 lar
vael metredamaged 30.5% of nuts while in 
1987/88, 18.4 larvae/metre damaged 
22.6% o f nuts . This varia tion occurred be
cause o f interac tions between insect devel
opment and crop phenology under the 
dryland growing conditions. The degree of 
damage in anyone year is dependent on 
planting date, the cropping history of the 
area and rainfall patterns. The most dam
age appears to occur when third instar lar
vaeare presentfrom ea rly pod set. This can 
occur (a) through delayed planting. (b) in 
areas where peanuts have been double 

Table 4. Control of Heteronyx picells with su rface-incorporated carb ofuran 
applications a t planting (1983/84). 

Band Width Carbofuran Larvae/ m Damaged Nuts 
(cm) Rate (kg aj. ha·') (%) 

Control 18.9a 23.9a 
15 0.2 12.2b 13.9b 

0.4 ] 1.9b 13.4b 
0.8 3.3cd 6.5bc 

35 0.4 8.1bc 1O.Obc 
0.8 5.1cd 5.1bc 
1.5 1.2d 3.Oc 

Means followed by the same letter are not significantly cli fferent (P=0.05, Fisher's LSD test). 

Table 5. Con trol of Heteronyx picells with in-furrow and surface-incorpo-
ra ted applications of carbofuran a t p lanting. 

Applica tion Carbofuran Larvae l m Damaged Yield 
Method Rate (kg a j . ha·') Nuts (%) (kg ha·') 

1987/88 experiment 
Contro l 18.4a 22.6a 622a 
Band (35 em) 1.0 5.6c 9.lbc 1047b 
Ln-furrow 0.25 12.0b 12.3b 1007b 

0.5 7.7bc 4.8cd 1141b 
1.0 4.4c 3.6d 1094b 

1988/89 experiment 
Control 7.0a 30.5a 1632a 
Band (25cm) 0.5 4.5b 15.3b 1867b 

1.0 1.3c 1.9c 1976bc 
Band (15cm) 0.5 3.8bc 4.1bc 1966bc 

1.0 1.7c 2.& 1944bc 
[n-furrow 0.25 3.4bc 8.lbc 2119c 

0.5 2.3bc 7.2bc 2044bc 
1.0 3.2bc 6.3bc 2006bc 

Within experiments, means fo llowed by the same letter are no t signi ficantly diffe rent 
(P=0.05, Fisher's LSD test). 

cropped and where a H. piceus population 
has become established on self-set plants 
prior to planting. and (c) where a pro
longed dry period has markedly delayed 
flowering and pod set. All of these situa
tions lead to the presence of third instar lar
vae from early in the podding period and 
result in increased pod damage. 

An in-furrow application of 0.5 kg ha·' of 
carbofuran was the most product-efficient 
treatment identified. This requires an at
planting application of pesticide prior to 
there being detectable adult activity. For 
this reason, control decisions fo r H . piceus 
w ould require an evaluation of larval 
populations prior to the harvest of the pre
viouscrop. Grower experience over the last 
30 years has shown that if scarab damage 
occurs in a crop, it will also occur in any 
crops grown in the succeeding year on the 
same land o r adjacent areas. This manage
ment strategy, if applied on a whole-farm 
basis over a number of years, will reduce 
H. piceus populations to a low level and 
prevent the recurrence o f the persistent 
high populations o bserved in peanut
growing areas of the South Bumettover the 
last 30 years. 

Acknowledgments 
We wish to thank Joe Wessels for technical 
assistance, Mr Bill Tapsall, manager of the 
QDPl Kingaroy Research Station and his 
staff fo r their assistance with growing pea
nut crops, and Garry Andersen, Gordon 
and Stan Couchman and Robert Olsen for 
allowing access to their properties. This re
search was funded, in part, by the Peanut 
Marketing Board and the Australian Spe
cial Rural Research Fund. 

References 
Allsopp, P.C. and Hitchcock, B.E. (1985). 

Soil insect pests with particular reference 
to suitable replacements for pe rsistent 
o rganochlo rines. Advisory Committee 
on Priorities in Rural Research and Ex
tension o f Standing Committee on Agri
culture. 149 pp. 

Came, P.B. (1951). Preserva tion techrtiques 
fo r Scarabaeid and o ther insect larvae. 
Proceedings of the Unnean Society of 
N.S. W. 76, 26-30 

Cough, N. and Brown, ).D. (1988). Insecti
cidal control of whitegrubs (Coleoptera : 
Scarabaeidae) on the Atherton Table
land, with observation on cro p losses. 
Queensialzd Journal of Agriculturemld Ani
mal Sciences 45, 9-17. 

Rogers, D.)., Brier, H .B., and Houston, K.). 
(1 992) . Scarabaeidae associated with 
peanuts in south Queensland. JOllYllal of 
lhe Australian Entomological Society. (in 
press) . 

Wilson, C. (1969). White grubs as pests of 
sugar cane. III .'Pests of Sugar Cane'. pp. 
237-258. eds J.R. Williams, ).R. Metcalfe. 
R.W. Mungomery and R. Mathis. 
(Elsevier: Amsterdam.) 

I 

i 

I -


