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Toxicity of herbicides and surfactants to 
three insect biological control agents for 

Cytisus scoparius (Scotch broom)

Kathrin Affeld, Katherine Hill, Lindsay A. Smith and Pauline Syrett1

Summary

Integrated weed management is disrupted if chemicals applied to suppress weeds harm insect biolog-
ical control agents. Three herbicides and two surfactants for control of Cytisus scoparius (Scotch
broom) were topically applied to Arytainilla spartiophila (broom psyllid), Bruchidius villosus (broom
seed beetle), and Leucoptera spartifoliella (broom twig miner) at a range of concentrations. Arytainilla
spartiophila was the most susceptible to all substances tested. Glyphosate was less toxic to A. sparti-
ophila than triclopyr and picloram + triclopyr, but at a concentration equivalent to recommended field
rate, caused significant mortality. Leucoptera spartifoliella adults were significantly more tolerant of
herbicides, except triclopyr, than of the two surfactants. Combined with the surfactant polydimethylsi-
loxane, glyphosate caused significantly increased mortality to A. spartiophila and L. spartifoliella. All
substances caused mortality in the test insects at concentrations below recommended field rates, except
triclopyr applied to B. villosus, and surfactants were generally more toxic at lower concentrations.
However, there was no significant difference between adult emergence from L. spartifoliella pupae
topically sprayed with herbicides or glyphosate + surfactant and the controls. We conclude that
surfactants harm all three insects, A. spartiophila is susceptible to all forms of chemical control, but L.
spartifoliella and B. villosus are likely to tolerate glyphosate applied at field rate, without surfactant.

Keywords: Cytisus scoparius, herbicide toxicity, insect biological control agents, 
surfactant toxicity. 

Introduction

Toxicity of herbicides and surfactants to insects used
for weed biological control can disrupt integrated weed
management programs. In New Zealand there is
concern that newly-established biological control
agents of Cytisus scoparius (L.) Link (Fabaceae)
(Scotch broom) might be harmed by conventional
chemical controls. Cytisus scoparius is a leguminous
shrub native to western and central Europe that has
become a serious invasive weed of forest, agricultural,
and conservation land in New Zealand, Australia, and
the USA, where it has been introduced (Hosking et al.
1998). The economic damage and threat to indigenous
species have forced these countries to implement exten-
sive control measures to manage C. scoparius, and

herbicide application is the most commonly used
method. However, the associated high costs, varying
results, and potential risks that chemicals pose to the
environment and non-target species have led to a
change in management strategies with the focus on
long-term control of C. scoparius using classical
biological control (Syrett et al. 1999).

Three biological control agents are established for
control of C. scoparius in New Zealand. The twig
mining moth Leucoptera spartifoliella Hübner
(Lyonetiidae) was accidentally introduced before 1950,
while the broom seed beetle Bruchidius villosus F.
(Chrysomelidae) and the psyllid Arytainilla sparti-
ophila Förster (Psyllidae) are recent intentional intro-
ductions, first released in 1987 and 1993, respectively
(Harman et al. 1996). The moth is now established
throughout most of the country and causes severe
damage to C. scoparius (Memmott et al. 1997). Bruch-
idius villosus has been released throughout New
Zealand, and is confirmed as established at a number of
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sites (Syrett et al. 2000) where it destroys a substantial
number of C. scoparius seeds. Arytainilla spartiophila
is also widely established, but more time is needed to
assess its impact (Syrett et al. 1999). Because biolog-
ical control is unlikely to completely suppress C.
scoparius below required thresholds, especially in the
short term, herbicides will continue to be used for its
control. So, for a successful, integrated management
program for the weed, it is desirable that a spray regime
cause minimal disruption to biological control agents.

In 1999 a survey was conducted to identify the
herbicides and surfactants most commonly used for C.
scoparius control by farmers and spraying contractors
in North Canterbury, New Zealand (M. Kilvington
unpublished data). Active ingredients of the most
commonly used herbicides are picloram + triclopyr
(Tordon® brushkiller), triclopyr (Grazon®), glypho-
sate 360 (Roundup®), and glyphosate in granular form
(Trounce™). The active ingredients of two of the most
commonly used surfactants (Pulse® and Boost®) are
polydimethylsiloxane and dimethicone copolyol,
respectively.

Previous studies examining the effects of these
herbicides on insects have shown that some herbicides
at low concentrations are compatible with biological
control programs. Glyphosate was relatively safe to
Eccritotarsus catarinensis (Carvahlo) (water hyacinth
mirid) (C. Ueckermann & M.P. Hill unpublished data)
and was considered harmless to two aphelinid parasi-
toids (Teran et al. 1993) and the water hyacinth weevil
Neochetina eichhorniae (Ding et al. 1998, C. Uecker-
mann & M.P. Hill unpublished data). Triclopyr amine
was safe to the chrysomelid beetle Galerucella
calmariensis (Lindgren et al. 1997). Picloram +
triclopyr was found to have no effects on butterfly
populations (Bramble et al. 1997), whereas R. Adams
(unpublished data) reported low mortality to the chrys-
omelid beetle Longitarus jacobaeae (Waterhouse)
under indirect application outdoors. This indicates that
some insect groups might be more susceptible to herbi-
cides than others. However, there has been concern
over the possible toxicity of surfactants when they are
used with herbicides. Oil-based surfactants were found
to cause high mortality in silverleaf whitefly (Sieburth
et al. 1998) and to act on the tracheal system of
mosquito larvae (Corbet et al. 2000). Goodwin &
McBrydie (2000) examined the effect of polydimethyl-
siloxane and dimethicone copolyol on honeybees in the
laboratory and observed high mortality at concentra-
tions as low as 10% of the recommended application
rate.

We aimed to test the effects of different concentra-
tions of herbicides and surfactants commonly used for
control of C. scoparius in New Zealand on adult A.
spartiophila, B. villosus, and L. spartifoliella moths and
pupae. We sought to determine which active ingredi-
ents were responsible for any observed effects.

Materials and methods

Renovate® (triclopyr), Roundup® (glyphosate), Tordon®

Brushkiller (picloram+triclopyr), Pulse® Penetrant (poly-
dimethylsiloxane) and Boost® (dimethicone copolyol),
commonly used products for controlling C. scoparius (M.
Kilvington unpublished data), were chosen for this study.
Arytainilla spartiophila and B. villosus adults were beaten
from C. scoparius growing at the Landcare Research facil-
ities at Lincoln, Canterbury immediately prior to each
trial. Leucoptera spartifoliella adults were collected as
pupae. Cytisus scoparius branches infested with L. sparti-
foliella cocoons were cut from plants at a site near
Burnham, Canterbury and transferred to the laboratory for
eclosion. Pupae attached to pieces of twig were placed in
clear, ventilated, acrylic boxes with close-fitting lids until
adults emerged. Newly emerged adults were harvested
prior to each trial.

Insects were exposed to herbicides and surfactants at
concentrations below, at, and above their recommended
rates for application with a spray gun or knapsack
(Table 1). In some instances, substances were not tested
at concentrations below the recommended field rate
because of no, or very low, mortality at field rate.
Fifteen insects were individually sprayed, each in a
single dish, with several concentrations of the test
substance and with water. The lid and base (lined with a
sheet of filter paper) of 85-mm-diameter Petri dishes
were each sprayed with 3 ml of the test substance using
a Burkart® “Potter Tower”. Water was applied first,
followed by the lowest, and then increasingly higher
concentrations of the solutions. Lids were sprayed first,
to allow the herbicide/surfactant to dry before they were
placed over the base containing the sprayed test insect,
thereby reducing the risk of insects sticking to droplets
on the plastic surface. After each treatment, the dish
containing an individual insect was replaced with a
clean one. Each group of insects sprayed with the same
test substance was placed in a separate plastic bag to
avoid contamination and kept in a controlled environ-
ment rearing room under 16:8 h light/dark, 21.6:12.8°C
day/night temperature and 64% relative humidity.

Adult trials
At the start of each trial, unsexed insects were placed in

a cool room for 10−20 min to reduce their activity before
transferring to individual Petri dishes. Immediately before
spraying, moths and psyllids were cooled by placing in a
freezer for 2−5 min (6−7 dishes at a time) to ensure they did
not escape from the Petri dish while being sprayed. This
was not necessary for the beetles. All individuals were
checked to see that they were alive immediately before and
after spraying. All dishes were misted with water the
morning following the application to prevent insects drying
out. Insects were monitored 12, 24 and 48 h after spraying.
Dead individuals were removed and numbers recorded.
The Petri dishes containing B. villosus were covered with a
clear acrylic sheet to prevent the beetles from escaping.
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Table 1. 48-h mortality from herbicides and surfactants applied topically to adults of Arytainilla spartiophila, Bruch-
idius villosus, and Leucoptera spartifoliella, and L. spartifoliella cocoons at a range of concentrations. “Field
rate” shaded.

Chemical Concentration
(ml/litre)

48-h mortality (%)

Arytainilla 
spartiophila

Bruchidius 
villosus

Leucoptera 
spartifoliella

L. spartifoliella 
cocoons

Glyphosate Control 6.7 0 0 27
1.925 33
3.75 40
7.5 87
10 60 6.7 0 13
15 93

100 100 20 0 27
300 93 53 33 27

Polydimethylsiloxane (S1) Control 13 0 0
0.01 20
0.1 100 27
0.2 93
0.3 100
0.4 100
0.5 100 40
1 100 60
2 100 13 80

20 93
Glyphosate + S1 Control 6.7 0 0 6.7

S1 + water 100 13 87 60
5 100 60 40

10 100 27 87 0
100 6.7 67 27
300 0 60

Triclopyr Control 6.7 0 0
0.6 6.7 0 0
1.5 73 0 6.7
3 100 0 40

30 100 13 100
Picloram + triclopyr Control 6.7 0 0 27

0.75 20
1.5 47
2.5 20
3 67
6 93 33

12 100 6.7 13 13
25 47

120 100 13 100
300 73

Dimethicone copolyol Control 13 0 0
0.01 13 0
0.1 93 0 33
0.5 93 13 73
1 100 27 60

10 93 100
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Cocoon trials
Cut pieces of C. scoparius stem, 20−30 mm long,

with one live L. spartifoliella cocoon attached, were
placed into individual Petri dishes, with the cocoons on
the upper surface, before being positioned into the
“Potter Tower”. All dishes were misted with water the
morning following the application, and once or twice
weekly to prevent the cocoons from drying out.
Cocoons were monitored twice daily for 14 days and
then once or twice weekly for a further 21 days before
being dissected. Hatched adults were removed and
numbers recorded. 

Statistical analysis
Adult mortality was compared using the Pearson chi-

square test between insect species and herbicides.  For
2×2 tables where the expected values were < 5, Fishers
exact test (FET) (two-tail) was used. Test results with a
P-value <0.05 were considered statistically significant.
The effects of increasing concentrations on mortality
were tested by comparing mortality at field rate with that
at 10 times the concentration or, where this was not avail-
able, with half the field rate. Probit analysis using the
POLO package (Russell et al. 1977) was used to deter-
mine the concentrations that killed 50% of insects
(LD50s) and their 95% confidence intervals.

Results
The three insects responded differently to the various
formulations when tested at the recommended field

rates (Fig. 1). Arytainilla spartiophila was most suscep-
tible, and B. villosus least susceptible, to all of the
formulations tested. The mean mortality for the control
groups of A. spartiophila was 13.3% and for L. sparti-
foliella adults and B. villosus was 0%. Glyphosate
caused lower mortality in A. spartiophila than did any
of the other substances, while the other herbicides and
the surfactants were highly lethal to them. The addition
of the surfactant polydimethylsiloxane to glyphosate
caused higher mortality than glyphosate alone: the
difference was significant for L. spartifoliella. Glypho-
sate and picloram + triclopyr was less harmful to L.
spartifoliella than were the other formulations
including the two surfactants. However, these were
equally harmful (FET P = 0.31). There was no signifi-
cant difference in mortality caused by polydimethylsi-
loxane alone or in combination with glyphosate (FET P
= 0.62). All formulations tested had similar effects on
B. villosus, with greater than 60% survival.

Increasing the concentration of chemicals increased
A. spartiophila mortality, except for glyphosate + poly-
dimethylsiloxane, which caused 100% mortality at the
lowest concentration tested (half the field rate) (Table
1). All chemicals were harmful to A. spartiophila at
concentrations below the recommended field rate, but
the two surfactants caused higher mortality and at lower
concentrations than any of the three herbicides. Arytai-
nilla spartiophila mortality from herbicides and
surfactants applied at field rate was not significantly
different from that at concentrations above field rate (P
= 0.99) because a 100% kill rate resulted from applica-
tions at and below field rate.
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B. villosus
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Figure 1. Mortality (%) (95% C.I.) of adult Arytainilla spartiophila, Leucoptera spartifoliella and
Bruchidius villosus 48 h after exposure to a range of herbicides and surfactants at “field rate”.
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At concentrations below the field rate that were
tested with B. villosus, dimethicone copolyol caused
mortality, but triclopyr had no effect (Table 1).
Mortality increased with increase in concentration for
most formulations, but decreased for glyphosate +
polydimethylsiloxane application. Dimethicone
copolyol was most toxic to the beetles, while triclopyr
caused the least harm of the three herbicides.

Leucoptera spartifoliella mortality increased with
increased concentration except for glyphosate + poly-
dimethylsiloxane (Table 1). The two surfactants were
the most harmful substances and equally lethal, while
triclopyr caused least harm below field rate. Increased
mortality, related to an increase in concentration, caused
by dimethicone copolyol and triclopyr above the field
rate was significant (FET P = 0.017 and FET P = 0.001,
respectively). Results of tests with L. spartifoliella
pupae were variable, and often not significantly
different from controls, which had a high mean
mortality of 20%. The proportion of L. spartifoliella
pupae that died after application of picloram + triclopyr
at field rate was lower (FET P = 0.047) than at twice this
concentration.

The lowest LD50s concentrations were estimated for
glyphosate, triclopyr and picloram + triclopyr for A.
spartiophila, polydimethylsiloxane for L. spartifoliella,
and dimethicone copolyol for B. villosus. They were
below the recommended field rates for both A. sparti-
ophila and L. spartifoliella, but above for B. villosus
(Table 2).

Discussion

Most herbicides are thought to have low direct toxicity
to insects because their active ingredient has been
specifically selected to act on systems found only in
plants, e.g. photosynthesis inhibitors. Because
surfactants act by reducing the surface tension of herbi-
cides, and in some cases dissolving the waxy cuticle of
plants, they may be more harmful to insects than herbi-
cides. They may reduce the protection provided by the
insects’ waxy cuticle making them more prone to dehy-
dration and chilling, and block their spiracles, thus
interfering with gas exchange. Results reported here
indicate that surfactants, and to a lesser extent some
herbicides, that are commonly used for control of C.
scoparius in New Zealand, do harm insects (Fig. 1).
However, the three insect species tested (representing

three different insect orders: Hemiptera, Coleoptera
and Lepidoptera) showed markedly different levels of
susceptibility. Arytainilla spartiophila (Hemiptera)
was the most susceptible, while B. villosus (Coleoptera)
was least affected. This result is in agreement with the
finding of C. Ueckermann & M.P. Hill (unpublished
data) who reported higher susceptibility to herbicides
of E. catarinensis (Hemiptera) compared with N. eich-
horniae (Coleoptera). Leucoptera spartifoliella (Lepi-
doptera), showed an intermediate level of susceptibility
in results reported here.

The results also indicate that surfactants are more
toxic than herbicides, and that the combination of
glyphosate and polydimethylsiloxane is more toxic
than the herbicide alone (Fig. 1). This is consistent with
findings of Goodwin & McBrydie (2000) who showed
that the surfactants polydimethylsiloxane and dime-
thicone copolyol at concentrations of 0.02% and
0.01%, respectively, and higher, were highly toxic to
honeybees, and Sieburth et al. (1998) who showed that
oil-based surfactants caused high mortality in silverleaf
whitefly. Studies by Wright & Skilling (1987), who
tested the herbicides dichlorprop and 2,4-D with and
without the surfactants AF302® and Chem 100®,
respectively, found that the surfactants increased the
toxicity of the herbicide to N. eichhorniae.

For all three insects, there was a general increase in
mortality with an increase in concentration of the herbi-
cides and surfactants tested except that mortality in L.
spartifoliella and B. villosus decreased when sprayed
with increasing concentrations of a combination of
glyphosate and polydimethylsiloxane. A possible
explanation for this apparently anomalous finding is
that the surfactant (at the recommended field rate) may
becomes less effective in reducing the surface tension
as the herbicide concentration increases. Tests with L.
spartifoliella pupae showed that glyphosate, glyphosate
+ polydimethylsiloxane and picloram + triclopyr had
no significant impact on the emergence of adults from
cocoons when applied at field rate. The cocoons
presumably provide effective protection against the
herbicides and the observed mortality is likely to be the
result of natural causes rather than the treatment as it
was not significantly different from the control. 

Where LD50s could be estimated, they were consid-
erably lower than the recommended field rate, with the
exception of dimethicone copolyol for B. villosus
(Table 2), confirming that all substances tested with A.

Table 2. LD50s for Arytainilla spartiophila, Leucoptera spartifoliella and Bruchidius villosus for a range of herbi-
cides and surfactants tested.

Insect Herbicide/surfactant Field rate (ml/l) LD50s (ml/l) 95% confidence interval

A. spartiophila Glyphosate 10 3.4 2.1 – 4.9
Triclopyr 3 1.1 0.87 – 1.4
Picloram+triclopyr 12 1.7 1.1 – 2.4

L. spartifoliella Polydimethylsiloxane 2 0.52 0.19 – 1.1
B. villosus Dimethicone copolyol 1 1.9 1.1 – 3.8
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spartiophila, and polydimethylsiloxane with L. sparti-
foliella, would be unsafe for these biological control
agents if applied at field rate.

The herbicide glyphosate was the least toxic
substance tested (Fig. 1), and would therefore be the
most compatible with biological control of C. scoparius
if used without surfactant. Even so, A. spartiophila is
likely to be adversely affected. As the psyllids spend a
large proportion of their life cycle in immobile egg and
larval stages in C. scoparius stems, they are likely to be
seriously affected if their host is killed through spraying
during this period. Survival of adult A. spartiophila
from glyphosate application was 40%. Although
control mortality was high for L. spartifoliella cocoons
tested, indications are that they are relatively resistant
to treatment compared to adult moths, and that adult
moths might successfully emerge from herbicide-
treated C. scoparius. Bruchidius villosus is more
resistant to all the substances tested, and provided their
host plant is sprayed during the period when the beetles
are in the mobile, adult stage, it is likely that most spray
regimes would be compatible with their survival.
However, sub-lethal effects of chemicals have not been
considered.

From these preliminary results, we conclude that it is
possible to devise a herbicide regime that would be
compatible with preservation of insect biological
control agents. Of course, this is relevant only if some
reservoir of C. scoparius remains in the area, as other-
wise the insects will die through lack of available food
plants. Insect survival will be enhanced if herbicides are
used without surfactants. Future work should measure
LD50s of commonly applied herbicides and surfactants
for all insect biological control agents for C. scoparius,
and identify at what times of year each insect species is
in a mobile stage. Thence an optimal time for herbicide
application could be determined that would effectively
suppress C. scoparius with minimal disruption to insect
activity.
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