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Abstract — The cabbage maggot, Delia radicum (Diptera: Anthomyiidae), is an 
important pest of brassicaceous vegetables and field crops. In canola, management 
options for root maggots are restricted to cultural and biological methods. A Euro-
pean natural enemy of D. radicum is the staphylinid beetle Aleochara bipustulata, 
larvae of which parasitize D. radicum pupae, and adults eat eggs and larvae of the 
pest; A. bipustulata is being assessed for introduction to Canada as a classical bio-
logical control agent of D. radicum. Volatiles given off by mustard seed meal attract 
A. bipustulata, and field applications of meal have successfully enhanced mortality 
of D. radicum. Dimethyl disulphide (DMDS) also attracts A. bipustulata, as well as 
its Holarctic congener, A. bilineata. Solid phase microextraction of mustard seed 
meal volatiles, followed by gas chromatography-mass spectrometry, reveals that 
the attractive volatile from the meal is not dimethyl disulphide. Implications for 
the chemical bases of host- and prey-finding, and for chemical manipulation of D. 
radicum mortality due to Aleochara species, are discussed.

Introduction

The cabbage maggot, Delia radicum (L.) (Diptera: Anthomyiidae) is an important 
pest of brassicaceous vegetables in Europe and North America (Finch 1989), and 
of canola (B. napus L. and B. rapaoleifera (DeCandolle) Metzger (Brassicaceae)) 
in prairie Canada (Soroka and Dosdall 2011). Female D. radicum oviposit near the 
base of host plants, and the larvae feed externally on the roots causing direct injury 
and facilitating root rot infections; pupation occurs in the root or in nearby soil 
(Griffiths 1986). In canola, management of root maggots currently relies on cultural 
and biological approaches (Soroka and Dosdall 2011). In canola in the Prairie Prov-
inces and in Europe, Aleochara bilineata Gyllenhall (Coleoptera: Staphylinidae) 
is a major pupal parasitoid of D. radicum (Hemachandra et al. 2007). In Europe, 
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but not in North America, a second staphylinid, A. bipustulata (L.), also attacks D. 
radicum (Hemachandra et al. 2005, 2007); it is being evaluated for introduction for 
classical biological control in North America (Andreassen et al. 2009).

Females of both A. bilineata and A. bipustulata lay eggs near dipterous host pu-
paria, which the newly-hatched larvae seek and then enter (Fuldner 1960). Larval 
and pupal development occurs within host puparia, where the Aleochara larva is 
ectoparasitic on the host pupa; adults are active predators on eggs and larvae of D. 
radicum (Fuldner 1960). Chemical cues play a considerable role in the biology of 
the two Aleochara. Plants attacked by D. radicum give off volatiles that are attrac-
tive to adults of A. bilineata and A. bipustulata (Ferry et al. 2007). In addition to 
volatiles from infested plants, adult A. bilineata are also attracted to odours from 
D. radicum larvae and their frass (Royer and Boivin 1999). Larvae of A. bilineata 
use chemical cues during assessment of the suitability of host puparia (Royer et al. 
1999; Lizé et al. 2010).

The chemical ecology of the two Aleochara species may be manipulated to enhance 
biological control of D. radicum. Mustard seed meal, the defatted residue left after 
crushing white mustard (Sinapis alba L. (Brassicaceae)) seed for oil extraction 
(Jonasson 1995), has been used for this purpose; the meal is applied as a thin layer 
(20 g/m2) to the soil surface. Early in the growing season, mustard seed meal attracts 
adult A. bipustulata in brassica vegetables in southern Sweden; in one of four tri-
als, A. bilineata was also attracted (Ahlström-Olsson and Jonasson 1992). Mustard 
seed meal applications reduce D. radicum damage to swedes (Ahlström-Olsson and 
Jonasson 1992), possibly because of enhanced predation of immature D. radicum 
by Aleochara spp., although other mechanisms may be involved (Jonasson 1995). 
In field plots of canola in Switzerland, later season applications of mustard seed 
meal attract adult A. bipustulata and significantly increase levels of its parasitism 
of D. radicum (Riley et al. 2007). In a Y-tube olfactometer, adult A. bipustulata are 
attracted to volatiles released by wet or dry mustard seed meal (Riley et al. 2007). 
Riley et al. (2007) found no response to mustard seed meal by A. bilineata, either 
in the field or in the laboratory. An alternative attractant is dimethyl disulphide 
(DMDS), a volatile compound produced by D. radicum-infested roots of Brassica 
napus L. (Ferry et al. 2007). Pitfall traps baited with DMDS catch significantly 
more adult A. bilineata and A. bipustulata than do unbaited control traps (Ferry et 
al. 2007). However, attracting the two Aleochara species to broccoli plots early in 
the growing season by enhancing the levels of DMDS does not increase predation 
of D. radicum eggs or reduce crop damage (Ferry et al. 2009).

It might be inferred that DMDS is the active ingredient in mustard seed meal and, 
as the meal is a health food of poorly defined chemical composition, that future 
research efforts should focus on DMDS. However, the responses of the Aleochara 
species to DMDS and mustard seed meal are not identical. Thus either the attractive 
volatile in mustard seed meal is not DMDS or, if DMDS is a component of mustard 
seed meal volatiles, other components affect the responses of the Aleochara spe-
cies. Therefore, the objective of this study was to determine whether DMDS is a 
component of the volatile mixture given off by mustard seed meal.
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Methods

Two batches of mustard seed meal were tested. Both were white defatted mustard 
seed meal purchased from Kräuterpflug, Kiel, Germany. One was an aliquot of the 
meal that attracted A. bipustulata in the study of Riley et al. (2007); the meal had 
been stored in a sealed glass jar at room temperature until our analysis in 2011. The 
second batch was newly purchased in 2011. Headspace solid phase microextraction 
(SPME) combined with gas chromatography-mass spectrometry (GC-MS) was 
used to detect volatile species. The headspace of 1 g of sample was exposed to a 1 
cm SPME fibre with a 100 µm nonbonded PDMS coating (Supelco, Bellefonte, PA) 
for 15 minutes at room temperature in a sealed 10 mL vial. Quantitative standards 
were prepared by diluting DMDS (Sigma-Aldrich, St. Louis, MO) in methanol; the 
headspace of 10 µL of solution was extracted under identical conditions to those 
for meal samples. A Varian (Walnut Creek, CA) Saturn 2100T GC-MS, equipped 
with a FactorFour VF-5ms column (30 m, 0.25 mm i.d., 0.25-µm, Varian, Walnut 
Creek, CA) was used for the analysis. Fibres were desorbed using a 2 minute split-
less injection at 200 °C. GC programming for samples (modified from Meija et al. 
2002) was: hold at 35 °C for 4 minutes, ramp to 125 °C at 15 °C/minute, hold for 
5 minutes, then ramp to 300 °C at 25 °C/minute and hold for 2 minutes. Standard 
analysis was abridged at 125 °C. Column flow was 1.2 mL/minute. Using separate 
aliquots on each occasion, the entire procedure of sampling and analysis was repli-
cated at least three times for the standards and twice for each batch of mustard seed 
meal. Fibres were cleaned in the GC injector port at 260 °C for 30 minutes before 
initial use and for 15 minutes between uses.

Results and Discussion

For each batch of mustard seed meal, and for the standards, results from each of 
the replicates were extremely similar. SPME extraction has previously been used to 
detect DMDS from a variety of sources (e.g. Ferry et al., 2007; Pelusio et al. 1995), 
and the effectiveness of our methodology for DMDS detection was demonstrated by 
the major peak at a retention time of 4.6 minutes for the DMDS standard (Fig. 1A). 
Although run under identical conditions, samples of mustard seed meal from Riley et 
al. (2007) (Fig. 1B), and those from meal purchased in 2011, had no major peaks with 
retention times less than 7 min. We therefore conclude that DMDS was not present at 
detectable levels in either batch of mustard seed meal. Using integration at m/z 94, the 
method detection limit of the analysis was determined to be 14 ng of DMDS. Ferry et 
al. (2007) successfully attracted adults of the two Aleochara species to pitfall traps 
that they estimated released about 2 mg (2 µL) of DMDS per 24 hours. 

Peaks we saw in the mustard meal samples appear to match 10 of the 14 peaks seen 
by Riley et al. (2007), although with the exception of peak 2 (limonene) in Riley et 
al., these peaks were identified by matches with library data, rather than by com-
parison with standards. Differences in the peaks for mustard seed meal between the 
two studies are likely methodological: Riley et al. (2007) used a different method to 
extract volatiles and a different GC temperature program that would have precluded 
detection of DMDS. There were differences in signal intensities of some peaks be-
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tween the two batches of mustard seed meal that we tested, but the principle chemical 
components remained the same.

Fig. 1. Chromatograms from SPME samples of the headspace of A. DMDS standard, 
B. Mustard seed meal from the batch used by Riley et al. (2007).

DMDS is known to be released by decomposing brassica plants (Lewis and Papavizas 
1970), including buried plant residues of S. alba (Wang et al. 2009), and by rotting 
roots of B. napus infested with D. radicum (Ferry et al. 2007). However, Jonasson 
(1995) showed that mustard seed meal is most attractive to A. bipustulata when it is 
freshly applied, and Riley et al. (2007) demonstrated that fresh, dry mustard seed 
meal attracts A. bipustulata adults. DMDS may be released during subsequent de-
composition of the mustard seed meal, but the successful enhancement of biological 
control by fresh mustard seed meal (Ahlström-Olsson and Jonasson 1992; Jonasson 
1995; Riley et al. 2007) is not caused by DMDS.

Attraction of A. bipustulata adults to mustard seed meal that lacks DMDS suggests 
that diverse chemical cues are involved in host and prey finding in this species. The 
failure of enhancement of D. radicum mortality with DMDS (Ferry et al. 2009) and 
successes with mustard seed meal (Ahlström-Olsson and Jonasson 1992; Riley et al. 
2007) suggest that further work with mustard seed meal would be useful. In particular, 
elucidation of A. bipustulata responses to each of the volatile compounds given off by 
the meal might provide a chemically-defined tool for manipulation of this important 
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natural enemy of D. radicum. In addition to enhancing D. radicum mortality, such a 
tool might inhibit initial dispersal from release sites and so reduce the potential for 
Allee effects to interfere with establishment (Hopper and Raush 1993), in the event 
that A. bipustulata is released in a classical biological control program.

Acknowledgements

We thank L. Andreassen, University of Manitoba, and T. Haye, CABI-Europe Swit-
zerland, for helping to procure mustard seed meal, and Swarthmore College, the 
Canola Council of Canada, Western Grains Research Fund and the Canada-Manitoba 
Agri-Food Research and Development Initiative for funding.

References

Ahlström-Olsson, M., and T. Jonasson. 1992. Mustard meal mulch — a possible cultural 
method for attracting natural enemies of brassica root flies into brassica crops. IOBC/
WPRS Bulletin 15: 171–175. 

Andreassen, L.D., U. Kuhlmann, P.G. Mason, and N.J. Holliday. 2009. Host range testing of 
a prospective classical biological control agent against cabbage maggot, Delia radicum, 
in Canada. Biological Control 48: 210–220.

Ferry, A., S. Dugravot, T. Delattre, J.-P. Christides, J. Auger, A.-G. Bagnères, D. Poinsot, and 
A.-M. Cortesero. 2007. Identification of a widespread monomolecular odor differen-
tially attractive to several Delia radicum ground dwelling predators in the field. Journal 
of Chemical Ecology 33: 2064–2077.

Ferry, A., S. Le Tron, S. Dugravot, and A.M. Cortesero. 2009. Field evaluation of the com-
bined deterrent and attractive effects of dimethyl disulphide on Delia radicum and its 
natural enemies. Biological Control 49: 219–226.

Finch, S. 1989. Ecological considerations in the management of Delia pest species in veg-
etable crops. Annual Review of Entomology 34: 117–137.

Fuldner, D.1960. Beiträge zur morphologie und biologie von Aleochara bilineata Gyll. 
und A. bipustulata L. (Coleoptera: Staphylinidae). Zeitschrift für Morphologie und 
Ökologie der Tiere 49: 312–386.

Griffiths, G.C.D. 1986. Phenology and dispersion of Delia radicum (L.) (Diptera: Antho-
myiidae) in canola fields at Morinville, Alberta. Quaestiones Entomologicae 22: 29–50.

Hemachandra, K.S., N.J. Holliday, J. Klimaszewski, P.G. Mason, and U. Kuhlmann. 2005. 
Erroneous records of Aleochara bipustulata from North America: an assessment of 
evidence. The Canadian Entomologist 137: 182–187.

Hemachandra, K.S., N.J. Holliday, P.G. Mason, J.J. Soroka, and U. Kuhlmann. 2007. Com-
parative assessment of the parasitoid community of Delia radicum in the Canadian 
prairies and Europe: a search for classical biological control agents. Biological Control 
43: 85–94.

Hopper, K.R., and R.T. Roush. 1993. Mate finding, dispersal, number released, and the suc-
cess of biological control introductions. Ecological Entomology 18: 321–331.

Jonasson, T. 1995. The role of mustard meal in reducing the attack of root flies in brassica 
vegetable crop. Nordisk Jordbrugsforskning 107: 107–108.



Proceedings of the Entomological Society of Manitoba, Volume 67, 201110

Lewis, J.A., and G.C. Papavizas. 1970. Evolution of volatile sulfur-containing compounds 
from decomposition of crucifers in soil. Soil Biology and Biochemistry 2: 239–246.

Lizé, A., A.M. Cortesero, A.-G.Bagnères, and D. Poinsot. 2010. Kin recognition in the larvae 
of a solitary insect: the cue is in the plug. Behavioral Ecology 21: 633–638.

Meija, J., M. Montes-Bayon, D.L. Le Duc, N. Terry, and J.A. Caruso. 2002. Simultaneous 
monitoring of volatile selenium and sulfur species from Se accumulating plants (wild-
type and genetically modified) by GC/MS and GC/ICPMS using solid-phase microex-
traction for sample introduction. Analytical Chemistry 74: 5837–5844.

Pelusio, F., T. Nilsson, L. Montanarella, R. Tilio, B. Larsen, S. Facchetti, and J.O. Mad-
sen. 1995. Headspace solid-phase microextraction analysis of volatile organic sulfur 
compounds in black and white truffle aroma. 1995. Journal of Agricultural and Food 
Chemistry 43: 2138–2143.

Riley, K.R., U. Kuhlmann, P.G. Mason, J. Whistlecraft, L.J. Donald, and N.J. Holliday. 2007. 
Can mustard seed meal increase attacks by Aleochara spp. on Delia sp. in oilseed rape? 
Biocontrol Science and Technology 17: 273–84.

Royer, L., and G. Boivin. 1999. Infochemicals mediating the foraging behaviour of Aleocha-
ra bilineata Gyllenhal adults: sources of attractants. Entomologia Experimentalis et 
Applicata 90: 199–205.

Royer, L., S. Fournet, E. Brunel, and G. Boivin. 1999. Intra- and interspecific host discrimi-
nation by host-seeking larvae of coleopteran parasitoids. Oecologia 118: 59–68.

Soroka, J.J., and L.M. Dosdall. 2011. Coping with root maggots in prairie canola crops. Prai-
rie Soils and Crops Journal 4: 24–31.

Wang, D., C. Rosen, L. Kinkel, A. Ca, N. Tharayil, and J. Gerik. 2009. Production of methyl 
sulfide and dimethyl disulfide from soil-incorporated plant materials and implications 
for controlling soilborne pathogens. Plant and Soil 324: 185–197.


