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Abstract. The aim of this work was to determine the impact of allelochemicals (glucosinolates/isothiocyanates) from Brassicaceae
(Brassica napus and Sinapis alba) at two trophic levels in relation to biological control efficacy. The impact of these plants on aphid
Myzus persicae (Sulzer) and Brevicoryne brassicae (L.) and ladybird Adalia bipunctata (L.) biology can be assessed by observation
of several developmental parameters: mortality, development duration and adult weight. Sub-lethal toxicity can also be measured
through the reproductive parameters of fecundity and/or egg viability. While both specialist and generalist aphids were positively
influenced by Brassicaceae species, mixed effects are recorded in ladybird performances following the aphid species/host plant com-
binations. Significant differences appeared according to aphid host plant and aphid species. This work enhanced the influence of
Brassicaceae plants either as cultivated species (B. napus) or as set-aside (S. al/ba) on both pests and beneficial insects. The alle-
lochemical presence in plants must be taken into account in programs of integrated pest management due to their direct influence on

biological control agents.

INTRODUCTION

Considerable research on plant — insect interactions has
been undertaken to improve crop production. Many
physical (Mangold, 1978) or chemical cues from plants or
insects are known to be essential in the effective location
of the host/prey habitat by entomophagous insects. The
impact of semiochemicals on both herbivores and ento-
mophagous insects are often neglected. Herbivore nutri-
tion also influences the emitted odours and the searching
behaviour of their biological control agents (Sauls et al.,
1979).

As in many other botanical families, Brassicaceae spe-
cies include secondary compounds which display physio-
logical properties (phago- and ovipostimulant) on insects
feeding on them (Lerin, 1980; Lamb, 1989). Glucosino-
lates, thioglucosides compounds, are present in all parts
of Brassicaceae species. These substances were detected
in 11 dicotyledone families (Fenwick et al., 1983). The
myrosinase enzyme (thioglucoside glucohydrolase)
occurs together with glucosinolates although they are held
separately and any process which reduces the cellular
integrity of the plant tissues results in the enzyme induced
breakdown of glucosinolates (Heaney & Fenwick, 1995).
When tissues are damaged, the toxic hydrolysis products
of glucosinolates are released. These compounds include
thiocyanates, nitriles and isothiocyanates and are thought
to constitute part of the plant‘s defence (Porter et al.,
1991).

The importance of chemical ecology, particularly
between aphids and their hymenopteran parasitoids, was
addressed by Pickett et al. (1992). Aphids are major pests
in temperate regions causing direct damage by sap taking
but also by virus transmission. Aphidophagous Coccinel-
lidae such as Adalia bipunctata are important predators

and are polyphagous to a broad range of aphid species
including Myzus persicae (Sulzer) (Hodek & Hongk,
1996). Nevertheless, only a limited number of aphid spe-
cies, excluding Brevicoryne brassicae (L.), are suitable as
food for A. bipunctata (Blackman, 1967 ; Majerus, 1994).
Host plant influence on predator biology has been rarely
investigated. The aim of this work was to determine the
impact of allelochemicals from plants in relation to bio-
logical control efficacy. Brassicaceae plant species used
in this work were chosen for their allelochemical profiles:
high amounts of glucosinolates are present in Sinapis
alba L. compared to their low content in Brassica napus
L. (around six fold less). Vicia faba L. which does not
include glucosinolate was used as control. While Brassi-
caceae specialists, such as B. brassicae, are stimulated to
feed and oviposit by these substances, generalist herbi-
vores are usually deterred. Due to its high polyphagy, M.
persicae s found on Brassicaceae plants and tolerates the
glucosinolate compounds (Nault & Stayer, 1972). The
plant impact on entomophagous insects through the prey
can be assessed by several biological parameters. Direct
toxicity can be assessed by the mortality, weight and
developmental duration of A. bipunctata. Sub-lethal tox-
icity can also be measured through the reproductive
parameters of fecundity and/or egg viability.

MATERIALS AND METHODS

Plants and insect rearing

White mustard (S. a/ba), oilseed rape (B. napus, Alaska vari-
ety) and broad bean (V. faba) were raised in 10 cm diameter
plastic pots in a controlled environment room at 20 + 2°C tem-
perature and 16 h daylight photoperiod. Brassicaceae species
were first sown in an incubator at 16°C in a plastic tray con-
taining ordinary compost and placed in plastic pots with the
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same substrate when the plants had two true leaves. Broad beans
were sown directly in a mixture of perlite and vermiculite.

A. bipunctata and M. persicae had been reared in the labora-
tory for several years whereas B. brassicae was collected from a
white mustard field in September 1998. Aphid species were
mass reared on rape and mustard which were inoculated when
they had 5-6 true leaves. Broad beans were used when they
reached a 3-4 cm height. Aphids stayed at least two weeks on
their host plants before utilisation as food for the ladybirds.

Experimental observations

Several measures of performance were calculated for the
aphid species on ecach host plant and for the ladybirds fed with
each combination aphid/host plant.

Aphid reproductive rate

Ten host plants of each species were randomly chosen in the
plant population and were inoculated with ten apterous adults.
Each plant was individually placed in a net cage and was
observed every 24 h for 7 days. The change in aphid numbers
was recorded for ten replicates.

Ladybird development stages

For each experiment (combination aphid species/host plant),
thirty newly hatched larvae of 4. bipunctata were isolated indi-
vidually in a 5 cm diameter Petri dish to avoid cannibalism. The
larvae were collected from different egg clusters from the lady-
bird stock culture fed with Acyrthosiphon pisum (Harris). Each
experiment was repeated twice leading to 60 replicates per
beetle diet (each aphid/host plant combination). Aphids remo-
ved from their host plants, which were cultivated in separate cli-
mate rooms, were offered to the larvac ad lib. From hatching,
larvae were kept at 20 = 2°C temperature with 16 h light period
and observed every day to determine the survival and the
ecdysis of larvae until pupal stage. Time needed for each change
of stage was recorded. Ladybirds were weighed at adult emer-
gence using an Ohaus Explorer balance.

Statistical analysis

For aphid reproduction, linear regressions were calculated for
cach aphid host plant followed by an equality test of the slopes
(regression coefficients : B,,). Ladybird parameters were exam-
ined by analysis of variance (ANOVA) followed by means com-
parison with the least significant difference method when
needed. MINITAB (vs 11.2) was used for the statistical
analysis.

RESULTS

Aphid reproductive rates

After having compared the slopes (29.0 and 53.6 for S.
alba and B. napus respectively) from the linear regression
equations, significant difference was observed depending
on the host plant of M. persicae (t = 7.75 and P < 0.001)
(Fig. 1). For B. brassicae, the slope corresponding to B.
napus is also significantly higher than the one involving
S. alba (23.6 and 9.20 respectively; t = 13.63 and
P <0.001) (Table 1).

Ladybird parameters

When M. persicae or B. brassicae reared on B. napus
were used to feed the ladybirds, the larval development
duration of A. bipunctata was significantly higher for B.
brassicae (F = 199.49 and P < 0.001) and the same result
was observed for pupal duration (F = 19.64 and
P <0.001).
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TasLE 1. Linear regression equations and the respective deter-
mination coefficients corresponding to Sinapis alba and Bras-
sica napus when used as host plant of Myzus persicae or
Brevicoryne brassicae.

Aphid species/host Linear regression ~ Determination
plant equation coefficients
Myzus/B. napus y=53.6x-559 R>=0.992
Myzus/S. alba y=29.0x-12.09 R?=0.978
Brevicoryne/B. napus  y=123.6 x—6.00 R?*=0.982
Brevicoryne/S. alba  y=9.2x+4.34 R*=0.971

The effect of three host plants of aphid species (Fig. 2)
when used as food for A. bipunctata was studied. It was
not possible to compare statistically the total development
duration of ladybirds fed with B. brassicae reared either
on B. napus or S. alba. No larvae fed with the latter com-
bination were able to complete their development cycle
and reach the adult stage. At adult emergence, weights of
A. bipunctata fed either with M. persicae or B. brassicae
reared on B. napus were compared (Fig. 3). A significant
difference was observed for the two aphid species (F =
302.84 and P < 0.001). When S. a/ba was used as host
plant, the average weight of the ladybird fourth instar
larvac was 3.94 + 0.34 mg. The loss of weight due to
pupation is around 20% (Francis, unpubl.). At emergence,
adults would have been lighter than the ones from M.
persicae/host plant combination.

The effect of the aphid host plant on the duration of
cach larval stage of ladybird fed with M. persicae or B.
brassicae reared on one of the two host plants (B. napus
or 8. alba), was assessed (Figs 4a, b). When M. persicae
was used, significant differences in development dura-
tions were observed for the 3rd and 4th larval instars and
the pupal stage (F = 35.59 and P < 0.001 ; F = 53.82 and
P < 0.001 ; F = 77.51 and P < 0.001 respectively)
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Fig. 1. Effect of the host plant on the reproduction of Myzus
persicae and Brevicoryne brassicae. Each point is the mean of
10 replicates, bars represent standard deviations.

depending on the host plant. M. persicae host plant did
not display significant differences for the 1st and 2nd
larval instars (F = 3.45 and P = 0.066; F = 0.64 and P =
0.426, respectively).

When ladybird larvae were fed with B. brassicae reared
cither on B. napus or S. alba, significant differences were
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Fig. 2. Effect of the aphid - prey host plant (Sinapis alba,
Brassica napus and Vicia faba) on larval, pupal and total (cgg to
adult) development periods of Adalia bipunctata fed with Myzus
persicae or Brevicoryne brassicae. Individual numbers reaching
the adult stage are represented by n values. Letters indicate sig-
nificant differences at P = 0.001.

observed at each larval instar according to the host plant
species. The statistical values were F = 75.43 and P <
0.001; F=14.18 and P =0.001 ; F=43.75 and P < 0.001
for the 1Ist, 2nd and 3rd larval instars, respectively. No
comparison was made for the 4th larval instar and the
pupal stage; no ladybirds fed with B. brassicae from S.
alba reached the last larval instar.

DISCUSSION

Plant - insect interactions have existed for millions of
years and have lead to a co-evolution of both
protagonists. In tritrophic systems, the third level (here,
the aphidophagous organisms) must be considered as a
part of the plant defence system (Poppy,1997).

While the toxicity of glucosinolate metabolites from
Brassicaceac plants is well known (Blau et al.,1978;
Erickson & Feeny, 1974), the influence of these sub-
stances on predators through aphid prey has still to be
studied. The biological effect of Brassicaceae (including
allelochemicals as glucosinolates/isothiocyanates) on both
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Fig. 3. Effect of the aphid-prey host plant (Sinapis alba, Bras-
sica napus and Vicia faba) on adult weight of Adalia bipunctata
fed with Myzus persicae or Brevicoryne brassicae. Individual
numbers reaching the adult stage are represented by n values.
Letters indicate significant differences at P = 0.001.

specialist/generalist aphid species (changes of reproduc-
tive rates of B. brassicae and M. persicae) has been con-
firmed here and extended to aphidophagous predators.
The variations of the ladybird development duration were
directly correlated to the host plant of both herbivore spe-
cics. The adult weight of A. bipunctata is influenced by
the Brassicaceae plant which could cause changes in the
ladybird reproduction. In the B. brassicae/S. alba combi-
nation, no ladybird reached the adult stage. When rape (B.
napus) was used as host plant of B. brassicae, no cocci-
nellid egg was laid up to 21 days after adult emergence
(Francis, unpubl.). This result is in accordance with pre-
vious studies. B. brassicae was generally avoided by A.
bipunctata and is also slightly less suitable than other
aphids for Coccinella septempunctata (Blackman, 1965,
1967) and Harmonia axyridis (Hukusima & Kamei,
1970). The host plant of M. persicae also influences
reproduction in A. bipunctata. Indeed, the ladybird fecun-
dity is significantly different when the aphid prey was
reared either on rape or white mustard (during a 21 day
period, 8.38 cggs/female/day and 3.79 eggs/female/day
respectively). Egg viability of 4. bipunctata also depends
on the aphid host plant (65%, 57% and 48% for bean,
rape or white mustard respectively) and seems to be
linked to the glucosinolate level in plant (Francis et al.,
unpubl.).

Dixon (1985) suggested a close relationship between
aphid nutrition and development. Cole (1997) concluded
that the glucosinolate profiles of Brassicaceae plants had
a significant impact on the development and performance
of both B. brassicae and M. persicae. Moreover, the
Brassica juncea, B. napus and B. campestris host suit-
ability for the mustard aphid, Lipaphis erysimi, was not
found to be related to the composition or concentrations
of amino acids. The difference in aphid reproductive rates
must be due to factors other than nutritional status of the
phloem sap (Weibull & Melin, 1990).

The control of crop pests based on the utilisation of
chemical substances from plants such as semiochemicals,
with non-toxic mode of action, should be combined with
the use of biological agents. The oilseed rape agro-
ecosystem represents a useful model to explore such an
approach (Pickett et al., 1995). Assays including
deterrent/anti-nutritional substances or trap plants (due to
attractive/stimulant presence) have been undertaken to
reduce herbivore infestations. A complementary strategy
would be to determine the effect of these allelochemicals
on entomophagous insects to obtain optimal control of the
herbivores in integrated pest management. Entomo-
phagous biological agents can be directly influenced by
plants: the latter can affect the prey quality (nutritional
value, toxicity) or the searching mechanism of their
host/prey (Vet & Dicke, 1992).

Besides biological observations, chemical analyses of
aphids were performed (Francis ct al., in press). Samples
of each host plant/aphid species combination were ana-
lysed by liquid chromatography (HPLC). Significant
amounts of glucosinolates were found in M. persicae fed
on white mustard and rape. No degradation products of
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Fig. 4 a-b: Effect of the aphid - host plant (Sinapis alba,
Brassica napus and Vicia faba) on the development period for
larval and pupal stages of Adalia bipunctata fed with Myzus
persicae — a; and Brevicoryne brassicae — b; letters indicate sig-
nificant differences at P = 0.001 for pairwise comparisons.

the glucosinolates were detected by gas chromatography
analysis coupled to mass spectrophotometry (GC-MS) in
M. persicae infesting either B. napus or S. alba. However,
isothiocyanates (ITC) were identified in B. brassicae. The
higher toxicity of the latter species can be explained by
the presence of these ITC compounds. Indeed, Francis et
al. (1999) demonstrated that A. bipunctata exposed to
allyl ITC and methyl ITC died from a 0.15 ppm concen-
tration of toxic compounds. Morcover, myrosinase
enzyme, which catalyses the glucosinolate degradation,
was detected in B. brassicae but not in M. persicae (Fran-
cis, 1999).

A hypothesis has already been put forward concerning
the effect of allelochemicals from plants on aphido-
phagous predators. The harmfulness of some prey seems
to result from the presence of allelochemicals showing
toxic properties. Larvae of C. septempunctata could not
complete their development and died within 25 days
when fed with Aphis sambuci (Hodek, 1956). Blackman
(1965, 1967) observed a less detrimental effect of this
aphid species. Indeed, half of the individuals reached the
adult stage even if they were twice lighter in weight than
control ladybirds. A passage of the glycoside sambunigrin
from the Sambucus nigra plant into the aphid was
assumed (Hodek, 1956). This glycoside may be split
enzymatically into hydrocyanic acid in the ladybird body.
Several other aphid species seem to be poisonous to many
coccinellids including 4. bipunctata and rejected by lady-
birds due to the presence of allelochemical: for example,
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Macrosiphum aconitum feeding on Aconitum (containing
aconitin; Hawkes, 1920), Aphis nerii infesting oleanders
(containing oleadrin and neriin, cardiac glycosides carde-
nolides; Malcolm, 1990), Macrosiphum albifrons and
Aphis jacobaeae feeding on Lupinus mutabilis (with qui-
nolizidine alkaloids) and Senecio sp. (containing pyrol-
izidine alkaloids) respectively (Hodek & Hongk, 1996).

Acceptance of aphid species does not inevitably imply
food suitability. Indeed, Coccinellidae sometimes con-
sume prey even if it is not an adequate food. Develop-
ment and reproduction parameters are then negatively
influenced (Hodek & Hon€k, 1996). The different
aphid/host plant combinations used in this work to feed A4.
bipunctata can be classified as followed:

M. persicae on either V. faba (without glucosinolate) or
B. napus (including low rate of glucosinolates) as essen-
tial foods (ensuring completion of development and ovi-
position);

M. persicae on S. alba (with high amount of glucosino-
lates) as accepted food (enabling development without
high mortality but displaying negative effects on oviposi-
tion; Francis et al., unpubl.);

B. brassicae on B. napus as alternative food (implying
higher mortality, longer development duration and
restricted oviposition);

B. brassicae on S. alba as toxic food (implying total
mortality, before the adult stage is reached).

In conclusion, the determination of the aphid prey —
natural enemy relationship should be integrated in tritro-
phic models including host plant to assess the impact of
cach level and to set effective ways of biological control.
The correct choice of the beneficial insect seems to be
essential to cope with a specific crop pest. For aphid spe-
cies, the cultivated plant varieties also play a role in the
herbivore — predator relationsh ip and the allelochemicals
present can significantly influence the efficacy of
entomophagous insects (van Emden, 1995).
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