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Summary &mdash; Diflubenzuron (DF) and penfluron (PF) in acetone were found to be equally toxic to
Apis mellifera and A cerana indica in topical application tests based on equivalent body weights.
Toxicity resulting from median lethal dosage was highest for pupae and was lower for IV and III in-

star larvae. Acetone proved lethal to eggs, I and II instar larvae. There was no delayed lethal and
morphological effect of the treatment on larvae, but some adult bees, treated in the same manner as
pupae, showed morphological abnormalities, such as crumpled wings and poor interlocking at stylet
and lancets of the sting apparatus. Feeding of 50 mg DF to small experimental colonies of both bee
species enhanced egg laying but significantly reduced the amount of unsealed and sealed brood
within 10 days of treatment.

Apis mellifera / Apis cerana / diflubenzuron / penfluron / median lethal dose / toxicity / pesti-
cide

INTRODUCTION

Chitin synthesis inhibitors are gaining pop-
ularity in integrated pest management due
to their selective action, safety to natural
enemies, low mammalian toxicity and low-
ered tendency to accumulate in food

chains (Hammock and Quistad, 1981).
These compounds are characterized by
contact larvicidal and ovicidal effects on

foliage feeders with no systemic activity in
plants (Retnakaran et al, 1985). Direct

and indirect exposure of bees and their
brood to extensive usage of one such

compound, diflubenzuron, may take place
through contact with treated surfaces,
contamination of natural food and water
sources and utilization of contaminated

pollen, honey and water for brood rearing.
Low median lethal dose (LD50) of 0.05 &mu;g
diflubenzuron (DF) in application tests and
0.12 &mu;g in feeding tests for III instar larvae
of A mellifera indicate vulnerability of

brood (Czoppelt and Rembold, 1981).
Wittmann (1981) obtained a 3.5-fold high-
er toxicity (median lethal dose (LD50):
0.037 &mu;g) in feeding tests. In colonies of A
mellifera fed with 0.05% (125 ppm DF)



Dimilin, Tomic et al (1983) reported re-

duced mortality (10%) in unsealed com-

pared to sealed brood (68%). Conversely,
Gromisz (1981) observed no toxic effects
when 0.1% Dimilin (250 ppm DF) was fed
to A mellifera. Barker and Taber (1977) re-
ported that 59 ppm DF in sugar syrup sig-
nificantly affected production of sealed

brood in this species. Reduced consump-
tion of water and pollen, less brood and
fewer new workers and eggs were report-
ed for colonies fed with 100 ppm DF in wa-
ter (Barker and Waller, 1978). Thus some
contradictory information is available on

toxicity of DF to A mellifera, although the
toxicity of this compound or penfluron (PF)
to the Indian honeybee, A cerana indica F,
has not yet been investigated.

MATERIAL AND METHODS

Developmental stage toxicity

The studies were conducted in a mixed apiary
consisting of Indian and Italian honey bees at

Nauni, Solan, during 1987. Toxicity of DF (2, 6-
dichloro-N-[ [ [4-chlorophenyl)amino]-carbonyl]
benzamide and PF(2,6-difluoro-N-[ [ [4-(trifluo-
romethyl) pheny] amino]-carbonyl] benzamide)
by topical application to both the bee species was
obtained by determining medial lethal dose

(LD50) following the standard procedure of probit
analysis (Finney, 1952). Both compounds were
topically applied by an Arnold microapplicator in 1

&mu;l acetone per individual. The temperature at the
time of application varied between 28 and 30 °C.

Approximately 70 eggs of 0, 1 and 2 d age of
each bee species were treated inside the comb
cells with 0.2, 0.5, 1, 2 and 4 &mu;g DF and PF.
Two sets of controls were maintained, one with
acetone, and the other untreated. Hatching
success was recorded at 24-h intervals. Us-

ing the criterion of larval age to determine their
instar (as detailed by Dogra et al (1977) for A
mellifera and Mishra (1979) for A c indica, I

through IV instar larvae were treated. Treat-
ments were applied on the dorso-lateral aspect
of the body in marked comb cells with 5-6 dos-
es of each chemical in a predetermined dosage

range (0.5-10 &mu;g/larva) that resulted in 15-85%

mortality in treated lots. With each dose, 40-150
larvae of an instar were treated. Treated larvae

subsequently removed by bees (as represented
by empty cells) were considered dead. Mortality
was recorded after 1, 3 and 5 days of treatment.
The portions of sealed comb cells in which treat-

ed larvae could have pupated were cut off and
fixed in the frame (14 x 12 cm) of experimental
cages (18.5 x 10 x 18 cm). These cages were
kept in an incubator at 32 ± 1 °C. Mortality at the
pupal stage was recorded and any abnormalities
in the emerging adults were noted. Five-day mor-
tality data were subjected to probit analysis, since
maximum mortality due to chemical treatment oc-
curred within 5 days.

Twenty to 25 freshly pupated workers were
treated in situ on the head region with each of 4
doses of DF and PF in the range of 1-6 &mu;g chem-

ical/pupa. Treated pupae in comb cells were kept
in the experimental cages described above at 32
± 1 °C in an incubator. Observation on percent
mortality in the pupal stage and abnormalities in
emerged adult bees were recorded.

Feeding of diflubenzuron in sugar
to bee colonies

Two colonies each of A mellifera and A c indica
of 4-frame bee strength were selected. Each col-
ony was provided with one liter of 50% sugar
syrup blended with 200 mg Dimilin 25% WP (50
ppm DF) in tin containers with perforated lids.
The remaining 4 colonies (2 from each bee spe-
cies) served as controls and were fed with 1 liter
of 50% sugar syrup. For each colony, data on
the following parameters were recorded: the
number of cells with eggs, larvae, sealed brood,
honey and pollen stores on each frame before
and 10 d after exposure to DF contaminated

sugar syrup. Data were analysed by Student’s t-

test for small samples.

RESULTS AND DISCUSSION

Developmental stage toxicity

All acetone-treated control eggs, and I and
II instar larvae were removed by worker



bees within 24 hours of treatment. Acetone

proved lethal to the aforementioned

groups. Conversely, III and IV instars were
not significantly affected by acetone with
up to 8% mortality recorded in A mellifera
and 12% in A c indica. A differential dose-

dependent mortality response to both

chemicals was observed in III and IV instar
larvae and pupae.

Treatment of III and IV instar larvae

Most of the treated III instar larvae of A
mellifera (59 and 80% at the highest dose
of 5 &mu;g DF and PF) and A c indica (59 and
85% at the highest tested dose of 4 &mu;g DF
and PF) died within 1 d of exposure. Pre-

sumably, since development in the III in-

star continues for approximately 1 day in

both A mellifera (Dogra et al, 1977) and
A c indica (Mishra, 1979), treated larvae at
higher doses had died either during or af-
ter ecdysis to IV instar, as demonstrated in
many insect species (Retnakaran et al,
1985). Additional mortality was observed

after 3 d of treatment at low doses. In

A mellifera, DF and PF at 1 &mu;g/larva
caused 10 and 11 % mortality after 1 d and
25 and 20% after 3 d. For A c indica, mor-
tality resulting from the 0.5 &mu;g dose was 16 
and 22% in 1 d and 28 and 29% after 3 d.

Surviving IV instar larvae may have died
by the end of the instar period (duration
about 2 d) thereby maximising the 3-d mor-
tality. No mortality was observed during
the pupal stage. For III instar larvae of A

mellifera, the LD50 values were 2.42 and

2.58 &mu;g for DF and PF. In comparison, the
respective values of 1.49 and 1.56 &mu;g/larva
for A cerana were quite low (figs 1A,B; ta-
ble I). For DF, the LD50 value was 6.01 &mu;g
for IV instar A mellifera larvae and 3.65 &mu;g
for IV instar A c indica larvae. Comparative
values for PF were 6.15 and 3.54 &mu;g/IV in-
star larva (table I; figs 1C,D).

Probit analysis revealed a narrow dos-
age range (0.5-5 &mu;g for III and 2-10 &mu;g for
IV instar larvae) for both compounds, caus-
ing 20-90% mortality in both species (figs
1A-1D). Significantly, a lower median le-
thal dose was recorded in A c indica than



in A mellifera. A mellifera larvae of the

same age (weight 45.67 and 131.99 mg/
larva for III and IV instar) are 1.7-1.8-fold

heavier than those of A c indica (26.52 and
74.22 mg). Larger, heavier animals require
a higher dose than smaller animals and



a means of comparison is via body weight
(Busvine, 1971). LD50 expressed as equiv-
alent body weight (&mu;g/g body weight)
was marginally higher for A c indica larvae
than for A mellifera larvae (table I). The
lower slope of log dose-probit mortality
regression lines for A c indica and the

convergence of these lines for the 2

bee species reveal that the Indian bee

is comparatively tolerant to these chemi-

cals. Both compounds exhibit compara-
ble toxicity for each bee species with a dis-
tinct overlap in 95% LD50 fiducial limits.

Conversely, several studies have found PF
to be more toxic than DF to some insect

species (Chang, 1979; Grannet et al,
1983; Thakur and Kumar, 1984). Presuma-
bly, the larval cuticle of the honeybee is

not an effective barrier to penetration of

DF or PF.

Czoppelt and Rembold (1981) obtained
very low LD50 (50 ng or 0.05 &mu;g) in applica-
tion tests, compared with 2.42 &mu;g/III instar
larva found in the present study. Compari-
son of LD50 for 2 instars of both species on
equivalent body weight basis showed IV

instar larvae to be more susceptible than
III instar. Similar developmental stage
sensitivity has also been recorded for

larvae of Choristoneura fumiferana (Gran-
net and Retnakaran, 1977), C occidentalis
(Rappaport and Robertson, 1981), and

Spodoptera frugiperda (Sagiston and Al-

media, 1982). However, earlier instars of

Operophtera brumata and Erannis bajara
(Lecheva, 1985) and Corcyra cephalonica
(Mayuravalli and Reddy, 1986) treated with
DF and Spodoptera litura treated with

another chitin synthesis inhibitor, triflumu-
ron (BAY SIR 8514; Natrajan et al, 1988)
are reported to be more susceptible than
later instars; this lower susceptibility ap-
pears to be due to an increase in size of

the insect. Under such circumstances it

is better to make a comparison on an

LD50/unit body weight basis (Busvine,
1971 ).

Treatment of pupae

Median lethal dose of both compounds per
pupa was not significantly higher in A mel-
lifera than in A c indica; the LD50 for DF

and PF was also comparable in the 2 spe-
cies (table I). On an equivalent body
weight basis, A c indica pupae were less
susceptible to PF compared to A mellifera.
The regression lines for pupae of both spe-
cies intersect such that the slope of the
line for A c indica is less than that for A

mellifera (figs 1E,F). Therefore, A mellifera
is more sensitive than A c indica to in-

creases in dose.

In pupae of A mellifera treated with 6 &mu;g
DF per pupa adult emergence was 13%,
with 9% workers showing morphological
defects. Treatment with 4 &mu;g DF produced
33% worker bees, of which 5% had mor-

phological abnormalities. In these bees, a
white lump of unrecognisable identity was
detected entangled with the stylet and lan-
cets of the sting apparatus (fig 2). This

may have been the evaginated reproduc-
tive system or shed cuticle from the integu-
ment or the hindgut of the pupa. However,
apart from the stylet and the lancets which
were not properly interlocked, the sting ap-
paratus appeared normal. In pupae of A c

indica treated with 4 &mu;g DF each, adult



mergence was only 22% and in half of tthe
group a similar lump of tissue was ob-

served with the sting apparatus. A mellife-
ra adults that emerged from 6% of the pu-
pae treated with 6 &mu;g PF had crumpled
wings, but no such deformity was noticed
in the emerged adults of the Indian bee.

Feeding of diflubenzuron in sugar syrup
to small bee colonies

In both the control and treated colonies of

each bee species the quantity of eggs, un-
sealed and sealed brood and honey and
pollen stores did not differ significantly in

the pretreatment count (table II). However,
after 10 d DF treatment, there was a signif-
icant increase in the number of cells con-

taining eggs in both species in treated col-
onies as compared with the pretreatment
count. In control colonies there was a de-

crease in number of eggs. Lineva and

Chunina (1980) also recorded more egg
laying by females of Musca domestica fed
on DF, but all laid eggs were non-viable. In
treated bee colonies an increased egg
count may be a consequence of additional

space available for the queen due to larval

death. The increased egg count is not due

to an accumulation of non-viable eggs in

combs, as bees removed such eggs. Bark-
er and Waller (1978) also obtained more



eggs in the combs of A mellifera colonies
fed on sugar syrup containing 1 000 ppm
DF.

Treated colonies of A mellifera and A c
indica had significantly reduced unsealed
(79.6 and 83.6%), sealed (82 and 83.9%)
and total (81.2% and 93.4%) brood in

post-treatment observation (table II). How-
ever, in control colonies, there was a slight
increase (7.1%) in the brood of Italian
and a marginal decrease (5.3%) in the

brood of Indian bee. The larvae in unsealed

cells are fed by nurse bees and contaminat-
ed food is likely to prove fatal. Barker and
Waller (1978) reported less brood and few-
er new workers in an A mellifera colony fed
on 100 ppm DF in water. Conversely, Tomic
et al (1983) obtained less (10.2%) reduc-

tion in the unsealed and a high reduction
(68%) in the sealed brood in small experi-
mental colonies of the Italian bee fed on

125 ppm DF. However, Gromisz (1981)
failed to observe any toxic effect when 0.1 %
Dimilin (250 ppm DF) was fed to an A mellif-
era colony. In the present study, 50 ppm
DF proved more toxic to A c indica, com-
pared to A mellifera, because the former is
smaller in size.

Treatment had a non-significant effect
on honey store of the colony. A reduction
in honey store in treated and control
colonies of the two bee species was

due to inclement weather conditions at

the time of the experiment. In the pollen
store a marginal increase (5.6%) was

found in treated colonies of the Italian bee

compared to a slight decrease (6.5%) in

the control groups. In the case of the Indi-

an bee, the pollen store was reduced by
13.5 and 35.7% in the treated and control

colonies, respectively. Reduction in the

pollen stores was apparently due to con-
sumption of pollen for brood rearing. Bark-
er and Waller (1978) also reported less

consumption of water and pollen and less
brood in the colony fed on 100 ppm DF in
water. 
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Résumé &mdash; Toxicité du diflubenzuron et
du penfluron vis-à-vis des stades imma-
tures d’Apis cerana indica F et d’Apis
mellifera L. Des larves de 3e et 4e stades

de l’abeille indienne Apis cerana indica

(A c), et de l’abeille italienne, Apis mellifera
(A m), ont reçu des applications topiques
d’une solution acétonique de diflubenzuron
(DF) et de penfluron (PF), inhibiteurs de la
synthèse de la chitine. Pour des doses

semblables les larves d’A c sont plus sen-
sibles (DI50 en &mu;g/abeille) que celles d’A m
(fig 1A-D). Pourtant, si l’on se base sur

l’équivalent poids corporel (DI50 en &mu;g/
poids corporel) les larves des 2 espèces
ont plus ou moins la même sensibilité, la

DI50 de l’abeille indienne étant légèrement
plus élevée (tableau I). Les nymphes des 2
espèces présentent la même sensibilité

(fig 1E-F) mais, sur la base de l’équivalent
poids corporel, celles de l’abeille indienne
sont un peu moins sensibles que celles de

l’abeille italienne (tableau I). Chez les 2 es-
pèces les stades peuvent être classés par
ordre décroissant de sensibilité à ces pro-
duits : nymphes, larves du 3e stade et lar-

ves du 4e stade. DF et PF ont donc la

même toxicité pour les 2 espèces. La toxi-
cité vis-à-vis des oeufs et des larves du 1er

et du 2e stade n’a pas pu être déterminée
à cause de l’action mortelle de l’acétone.
Les traitements n’ont eu aucune action lé-

tale ou morphologique différée chez les

larves, la plupart des individus mourant

dans les 3 j suivant le traitement. L’applica-
tion de 6 et de 4 &mu;g de DF sur les nym-
phes a provoqué chez plus de la moitié

des adultes des 2 espèces des modifica-
tions morphologiques. Les abeilles présen-
taient des boules de tissu blanc d’origine



inconnue à l’extrémité de l’abdomen, qui
empêchaient le fonctionnement normal du
dard. Les nymphes d’abeilles italiennes
traitées avec 6 &mu;g de DF ont donné nais-
sance à des abeilles qui, dans 6% des
cas, possédaient des ailes rabougries. De
petites populations d’abeilles (4 cadres)
des 2 espèces ayant reçu 50 mg de DF
(200 mg de Dimilin dans 1 I de sirop de
sucre à 50%) ont eu, dans les 10 j sui-

vants, une ponte accrue et une réduction
significative du couvain, operculé ou non;
par contre le traitement n’a pas influé en

général sur les provisions de miel et de

pollen (tableau II).

Apis cerana / Apis mellifera / pesticide /
toxicité / dose létale 50

Zusammenfassung &mdash; Die toxische Wir-
kung von Diflubenzuron und Penfluron
gegenüber unreifen Stadien von Apis
cerana indica F und Apis mellifera L.
Bei lokalen Anwendungsversuchen mit Lö-
sungen der Chitinhemmer Diflubenzuron

(DF) und Penfluron (PF) in Azeton waren

Larven des 3 und 4 Häutungstadiums der
Indischen Honigbiene Apis cerana indica
für gleiche Dosen empfindlicher (LD50 in

&mu;g/Biene; Abbildungen 1-4) als Italieni-

sche Bienen von A mellifera. Auf der Basis
des äquivalenten Körpergewichtes (LD50
in &mu;g/g Körpergewicht) waren jedoch die
Larven beider Arten mehr oder weniger
gleich empfindlich, wobei sich die LD50 der
Indischen Biene als geringfügig höher

erwies (Tabelle II). Die Puppen beider
Arten waren gleich empfindlich (Abbildun-
gen 5-6), aber auf der Basis des Körper-
gewichts waren die Puppen der Indischen
Bienen weniger empfindlich als die der Ita-
lienischen Biene (Tabelle I). Die Empfind-
lichkeit beider Bienenarten in fallender

Reihenfolge für diese Präparate war

Puppen, Larven des dritten und Larven

des vierten Stadiums. DF und PF hatten

im Wesen dieselbe toxische Wirkung auf
beide Bienenarten. Die toxische Wirkung
auf Eier und Larven des 1 und 2 Häutungs-
stadiums konnten wegen der tötlichen Wir-

kung des Lösungsmittels Azeton nicht be-
stimmt werden. Es gab keine verzögerten
letalen oder morphologischen Wirkungen
bei Behandlungen der Larven, die meisten
Individuen starben innerhalb von drei

Tagen nach der Behandlung. Die Anwen-
dung von 6 und 4 &mu;g DF auf Puppen der
Italienischen und der Indischen Biene führ-
ten bei mehr als der Hälfte der geschlüpf-
ten Tiere zu morphologischen Veränderun-
gen. Diese Bienen zeigten einen wei&szlig;en
Gewebeklumpen der die Funktion von Sty-
lett und Lanzetten des Stachelapparates
behinderte. Eine andere Mi&szlig;bildung waren
verkrüppelte Flügel, die nach Behandlung
von Puppen der Italienischen Biene mit 6
&mu;g DF bei 6% der geschlüpfen Arbeiterin-
nen beobachtet werden konnten.

Nach Fütterung kleiner Versuchsvölker
von 4 Waben beider Bienenarten mit 50

mg DF (200 mg Dimilin in einem Liter

Zuckersirup 50%) führte innerhalb von 10 
Tagen zu gesteigerter Eiablage und einer
signifikanten Verminderung der offenen
und verdeckelten Brut, aber im allgemei-
nen zu keiner Veränderung der Honig- und
Pollenvorräte (Tabelle II).

Aus diesen Studien geht deutlich

hervor, da&szlig; es beim Vergleich der toxi-

schen Wirkung einer chemischen Verbin-
dung auf verschiedene Entwicklungssta-
dien besser ist, die Ergebnisse auf der
Basis des Körpergewichtes auszudrücken,
und da&szlig; Penfluron für beide Arten gleich
toxisch ist wie Diflubenzuron. Obwohl die

Wahrscheinlichkeit, da&szlig; Trachtbienen 50

mg Diflubenzuron in den Stock eintragen
gering ist, könnte sich die Verunreinigung
von Nahrung und Wasser für die Larven
als schädlich erweisen.

Apis mellifera / Apis cerana / Pestizide /
toxische Wirkung / letale Dose 50
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