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The effect of 3 insect growth regulators - methoprene, diflubenzuron 
and RO 13-5223, on the coccinelid Chilocorus bipustulatus L. was studied in 
the laboratory. Feeding on Chrysomphalus aonidum (L.) or Aspidiotus 
hederae Vallot (Diaspididae) treated with the IGRs at the concentration of 
0.025 % a.i. revealed the following : cliflubenzuron caused a complete morta- 
lity of 1St instar larvae ; methoprene and RO 13-5223 did not arrest larval 
development but inhibited pupation ; fecundity of sexually mature females 
was not affected by the 3 IGRs but egg hatch was completely inhibited ; 
egg viability was regained when IGR-exposed females had been transferred 
to an uncontaminated environment. 

The use of insecticides in citrus groves to control insect and mite pests causes disruption 
of the biological balance and the outbreak of non-target organisms. Insect growth regulators 
(IGRs) are potentially selective insecticides which have been subjected to studies concerning 
their impact on non-target pests, as well as on beneficial insect activity (Westigard, 1979; 
Schroeder et aL, 1980 ; Madrid & Stewart, 1981, Colwell & Schaefer, 1981). Previous studies 
demonstrated t h a t  2 IGRs, methoprene and RO 13-5223, had no adverse effect on the 
development of 4 hymenopterous parasites of scale insects (Peleg & Gothilf, 1980; Peleg, 
1982). The present study evaluates the effect of methoprene, diflubenzuron and RO 13-5223 
on the coccinelid Chilocorus bipustulatus L., an important predator of armoured and soft 
scales in Israel (Kehat & Greenberg, 1970). Therefore it may be worth while to know the effect 
of  potentially IGR insecticides on C. bipustulatus, as a representative of Coccinelidae, an impor- 
tant and significant group concerning biological control of scale insects. 

MATERIALS AND METHODS 

The IGRs used were : 1) methoprene [isopropyl (E,E).1i-methoxy-3,7,11-trimethyl-2,4- 
dodecadienoate] 60 % E.C. (Altoside R ; Zoecon Corp. U.S.A.) ; 2) diflubenzuron [ 1- (4- 
chlorophenyl)-3-(2,6-difluorobenzoyl) urea] 25 % W.P. (Dimilin R ; Philips-Duphar, Holland) ; 
3) RO 13-5223 [ethyl < 2~p-phenoxyphenoxy) ethyl > carbamate] 12.5 % E.C. (Dr. Maag 
LTD, Switzerland). 
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Larvae and adults of C. bipustulatus were taken from an one year old laboratory culture. 
The beeries were fed on Florida red scale, Chrysomphalus aonidum (L.) and Aspidiotus hederae 
Vallot (Diaspididae) reared on ,,Butter Nut ,, squashes. The chemicals were applied by dipping 
the scale infested squashes in 0.025 % a.i. IGR mixture for 2 s. Laboratory rearing and tests 
were conducted at 25 + 1 ~ and 55 +- 5 % R.H. 

EFFECT ON LARVAL DEVELOPMENT 

Squashes heavily infested with C. aonidum at all developmental stages were treated with 
the various IGRs. Twenty four hours after treatment newly hatched, 1st instar C bipustulatus 
larvae were transferred from stock culture to the treated squashes with the aid of  a fine brush. 
Larvae were provided with ample of food (10 larvae per infested squash) in order to avoid 
cannibalism. Observation continued until all immature stages pupated or died. 

EFFECT ON OVIPOSlTION AND EGG VIABILITY 

Pairs of sexually mature, 12-14 days old C bipustulatus beetles were collected from stock 
culture. Ten pairs per replication were caged together in a rectangular plastic box (38 x 32 x 
16 cm) covered with a glass plate and 2 cloth windows located on the sides. The beetles were 
provided With IGR- treated squashes infested with mature, 5 weeks old, A. hederae. Each 
squash was covered with a strip (5 x 20 cm) of  white flannel cloth which served as an ovipo- 
sition site. C bipustulatus female prefers to lay its eggs between the fibers of this material, and 
the orange-coloured eggs are easily recognized against the white back-ground (Nadel & Biron, 
1964). Cloth strips and, squashes were replaced daily and twice a week, respectively. The majo- 
rity of  the eggs were deposited on the white flannel. The small number of eggs beneath the 
scales was disregarded. Beetles were allowed to feed on IGR-treated A. hederae scales for 
3 weeks, and on untreated scale infested squashes for additional 3 weeks. The eggs on the 
flannel strips were kept for viability observation. 

RESULTS AND DISCUSSION 

Feeding on diflubenzuron treated C. aonidum resulted in a complete mortality of 1st instar 
C bipustulatus larvae. Development was arrested during the 1st larval ecdysis apparently due to 
the chitinase blocker activity and none of the diflubenzuron exposed 1 st larvae succeeded to 
transform into the 2nd instar (table 1). 

Exposure to either methoprene or RO 13-5223 treated C aonidum scales did not affect 
larval development of  C. bipustulatus ; however, all the larvae that fed on the IGR-treated scales 
failed to pupate (table 1). The 3 larval ecdysis were normal and within 9-15 days all the 1st 
instar larvae, regardless of treatments, reached the 4th instar. However, while larvae in the 
cotrols began pupating on the 15th day of feeding, those exposed to IGR-treated scales fed and 
grew for an additional 2-3 weeks and then stopped feeding and a slow body shrinkage took 
place until all individuals died. Transferring of methoprene and RO 13-5223 exposed 3rd and 
4th instar larvae to an uncontaminated environment did not result in pupation. Such a response 
to JH-active IGRs is known in many insect species (Vogel et aL, 1979). 

Feeding on A. hederae treated with each of the 3 IGRs did not affect the fecundity of  
sexually mature C. bipustulatus females. During 3 weeks of feeding on treated scales, no signifi- 
cant differences were observed between treatments regarding weekly and total number of 
eggs laid by the beeries (table 2) ; however, none of these eggs hatched. Egg viability was 
affected immediately following the 1st day of feeding on IGR-treated scales (table 3). Most 
of the eggs exhibited embryonic development and apparently embryonic ecdysis was inhibited 
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due to  the  IGRs  act iv i ty .  This  p h e n o m e n o n  was obse rved  in  m a n y  insec t  species whe re  e m b r y o -  
genesis a n d / o r  e m b r y o n i c  ecdysis  are i n h i b i t e d  in eggs exposed  to  JH-act ive  IGRS in the  female ' s  
b o d y  or  a f te r  egg depos i t i on  (Staa l ,  1975) .  

TABLE 1 

Development o f  Chi locorus  b i pus t u l a tu s  larvae fed on IGR-treated 
C h r y s o m p h a l u s  a o n i d u m  scales 

% of 1st instar larvae that reached (a) 

Treatment 2nd instar (b) 3rd instar (b) 4th instar (b) pupa 

Methoprene 76.25 72.5 70.0 0 
RO 13-5223 77.5 72.5 70.75 0 
Diflubenzuron 0 0. 0 0 
None 85.0 85.0 77.5 50.0 

(a) The results are the averages of 4 replicates, each consisting of 20 1st instar larvae. 
(b) The results (except for diflubenzuron) do not differ significantly at the 5 % level 

(F Test). 

TABLE 2 

Fecundity o f  sexually mature Cki locorus  b i p u s t u l a t u s  females fed on 
1GR-treated Aspid io tus  hede rae  scales 

Treatment 
Weekly number of eggs per female (a, b) 

Week 1st 2nd 3rd 

Methoprene 19.11 28.56 23.17 
RO 13-5223 23.94 30.10 24.64 
Diflubenzuron 21.07 27.23 16.80 
None 23.94 35.63 32.97 

(a) The results are the averages of 3 replicates, each consisted of 10 females. 
(b) The results do not differ significantly at the 5 % level (F Test). 

TABLE 3 

Viability o f  eggs laid by Chi locorus  b i p u s t u l a t u s  fed on IGR-treated 
Aspid io tus  hede rae  scales 

Treatment 
Feeding on treated scales 

(days) 
1-3 4-21 

% of viable eggs (a) 
IGR-exposed that were transferred 

to feeding on untreated scales (days) (b, c) 
1-3 4 10 15 

Methoprene 0.3 0 30.3 a 62.2 a 60:7 a 77.5 a 
RO 13-5223 0 0 46.9 a 71.2 a- 57.2 a 73.2 a 
Diflubenzuron 0.2 0 40.8 a 80.0 a 71.2 a 71.2 a 
None 73.3 70.0 65.0 b 80.5 a 64.7 a 74.0 a 

(a) The results are the averages of 3 replicates, each consisted of 50-100 eggs laid by 
10 females. 

(b) Beetles were transferred 3 weeks after being fed on IGR-treated scales. 
(c) Numbers within colums followed by the same letter do not differ significantly at 

the 5 % level (F Test). 
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After 3 weeks of feeding on IGR.treated A. hederae scales the beetles were provided with 
untreated prey. The transfer to feeding on untreated scales immediately restored egg viability, 
and after 3 days of exposure to untreated scales no significant differences were observed 
between treatments as regard to egg hatch (table 3). No mortality of C. bipustulatus adults was 
noticed in all treatments during the 1st 3 weeks of the experiment. 

According to Franz et al. (1980) chemicals are grouped into 4 classes which describe the 
degree of reduction of beneficial insects performance in comparison to untreated check : 
< 50 % = harmless (1) ; 50-79 % = slightly harmful (2) ; 80-99 % = moderately harmful (3) ; 
> 99 % = harmful (4). Diflubenzuron caused almost 100 % mortality of 1st C. bipustulatus 
larvae ; therefore, this chitinase-blocker may be defined as harmful (4) for larval development. 
The other 2 IGRs tested, methoprene and RO 13-5223, allowed the coccinelid larvae to develop 
to the last instar, but pupation was completely inhibited. Although IGR-exposed larvae fail to 
pupate, under field condition they may feed on IGR-treated scales and destroy considerable 
,quantities of the pest. As regards the effect on larval development, methoprene and RO 13-5223, 
may be considered as moderately harmful (3). All 3 IGRs tested were harmless, with regard to 
the longevity of C. bipustulatus adults. Fecundity was not affected by treatment with these 
chemicals but egg hatch was completely arrested ; however, when IGR-exposed beetles were 
transferred to an uncontaminated environment they deposited viable eggs. Thus, under field 
conditions, C bipustulatus females exposed to IGR-treated scales may regain their capability 
to lay viable eggs upon feeding on uncontaminated prey. Based on the results obtained in this 
work the effect of the 3 IGRs tested on fecundity and egg viability may be considered as 
slightly (2) to moderately (3) harmful. 

The overall impact on non-target organisms of the 3 IGRs tested in the laboratory, should 
be evaluated under field conditions. 
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RESUME 

Effet de 4 r6gulateurs de croissance des insectes sur le d6veloppement larvaire, 
la f~condit6 et la viabilit6 des ceufs de la coccinelle 

Chilocorus bipustulatus [ Col. : Coccinelidae ] 

On a 6tudi6 en laboratoire l'effet sur la coccinelle Chilocorus bipustulatus L. de 3 r6gula- 
teurs de croissance des insectes : le m~thopr~ne, le diflubenzuron et le RO 13-5223. L'alimen- 
tation de la coccinelle avec Chrysomphalus aonidurn (L.) ou Aspidiotus hederae Vallot (Diaspi- 
didae) trait6s avec ces produits ~ la concentration de 0,025 % a donn6 les r6sultats suivants : 
le diflubenzuron provoque la mortalit~ totale des larves du let stade, le m6thopr~ne et le 
RO 13-5223 n'arretent pas le d6veloppement larvaire mais inhibent la nymphose ; la f6condit6 
des femeUes mfares n'est pas affect~e par les 3 r6gulateurs de croissance mais l'6closion des ceufs 
ne se produit pas. La viabilit~ des oeufs est recouvr~e lorsque les femelles expos6es aux r~gula- 
teurs de croissance sont transf6r6es dans un milieu non contamin~. 
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