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Effects of soil-dwelling predators and organic treatments on 
the cabbage root fly Delia radicum (Diptera: Anthomyiidae) in 
greenhouse radish 
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Delia radicum is the most damaging pest species for radish in Dutch greenhouses. Application of 
broad-working soil pesticides will be forbidden in near future, which strengthens the necessity to 
find alternative control methods. The objective of this study was to test the effect of soil-dwelling 
predators on D. radicum and to encourage establishment of these predators in greenhouses. The 
commercially available predators Hypoaspis miles (Acari: Laelapidae) and Aleochara bilineata 
(Coleoptera: Staphilinidae) were tested as potential biocontrol agents for D. radicum. The 
predatory mites H. miles reduced damage by D. radicum by 58%, whereas releases of adult beetles 
of A. bilineata above ground had no significant effect. Burying pupae of Delia antiqua parasitized by A. 
bilineata however, reduced damage by D. radicum by 52%. Adding organic matter to soil did not 
significantly increase survival of H. miles. Fresh yard waste compost and white peat stimulated 
ovipostion of D. radicum, whereas cocopeat did not. 
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Cabbage root fly, Delia radicum, is the most damaging pest species for radish in Dutch 
greenhouses. Radish is grown year round in greenhouses, providing opportunities for these flies to 
establish populations in greenhouses and resulting in persistent damage. Damage tend to peak in 
April and May when adults fly in from cabbage fields outdoors (Van den Brandt et al. 1996). 
Application of the broad-working soil pesticide chlorfenvinphos, essential in greenhouse radish, is 
allowed until 2007. Prohibition of these chemicals makes it necessary to find alternative control 
methods. The objective of this study was to test soil-dwelling predators on D. radicum and to 
encourage establishment of these predators in greenhouses. Important predators of D. radicum are 
Staphilinidae, Carabidae and mites of the genus Thrombidium (De Wilde 1947). Most abundant 
predators in cabbage fields are Aleochara bipustulata and Aleochara bilineata (Coleoptera: 
Staphilinidae) (Fournet et al. 2000, De Wilde 1947). In this study we tested the commercially 
available predators Hypoaspis miles (Acari: Laelapidae) and A. bilineata as potential biocontrol 
agents against D. radicum. Establishment of soil-dwelling predators in greenhouses is complicated 
firstly by the fact that growers frequently steam their soil against soil pathogens and soil related 
pests, and secondly by poor sandy soils. The majority of Dutch greenhouse radish is grown on 
these poor sandy soils with low population levels of soil microarthropods. Lack of alternative prey 
species will therefore hamper establishment of natural enemies. Augmentation of soil-dwelling 
predators by adding organic matter was confirmed for the egg predator, Bembidion lampros, in 
cabbage (Humphreys & Mowat 1994). In this study we tested the impact of three organic materials 
in greenhouse radish on the presence of D. radicum and establishment of H. miles. 

MATERIAL AND METHODS 

Insects and mites 
The predatory mite H. miles was supplied by Koppert B.V. and was delivered in vermiculite with 
mites of Tyrophagus putrescentiae as prey. The predatory beetle A. bilineata was supplied by De 
Groene Vlieg. These beetles were reared on onion fly, Delia antiqua, and adults were delivered in 
parasitized pupae of D. antiqua. Delia radicum flies originating from field-collected pupae 
(Wellesbourne, United Kingdom, 2000) were reared according to Finch & Coaker (1969). 
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Greenhouse experiment 1 
A first experiment was set up to evaluate the effects of soil-dwelling predators on eggs of D. 
radicum in radish. This experiment was carried out in two greenhouses (186 m2/unit) located at 
Applied Plant Research in Naaldwijk. Radish cultivar Girox was sown in a density of 250 seeds/m2 
on the 17th of June 2002 in sandy soil with 5% organic matter. The experimental design was 
completely randomized with five treatments and four replicates with plots of one m2 of radish. 
Sixteen days after sowing, four treatments were infected with eggs of D. radicum from the 
laboratory culture. 50 plants per plot were randomly infected, by bringing one egg to the base of 
the stem with a small brush. Soil-dwelling predators were released in three treatments, two 
treatments with predatory beetles A. bilineata and one treatment with predatory mites H. miles. 
Beetles were released as adults (75/plot) and by burying pupae of Delia antiqua parasitized by A. 
bilineata (100 pupae/plot) 3 cm deep into soil. These pupae were buried a day before infection 
with D. radicum. Adult beetles and H. miles were released shortly after infection with D. radicum 
as well. These predatory mites were released at a density of 1000 mites/plot. Treatments with A. 
bilineata were in separate greenhouse from the control treatments with D. radicum and treatments 
with H. miles, because of risk of mixing treatments by flying beetles. Fourteen days after infection 
with D. radicum, all twenty plots were analysed by scoring numbers of radishes damaged by D. 
radicum (typically internal feeding). 

Greenhouse experiment 2 
A second experiment was set up to evaluate the effects of organic matter on D. radicum and soil-
dwelling predatory mites in radish at a commercial glasshouse situation. The company, located in 
Hoek van Holland, had an annual natural infection with D. radicum. Three organic treatments, 
yard waste compost, cocopeat and white peat, were added in two doses on plots of 12 m2 (3 x 4) in 
week number 10 of 2003 (Fig. 1). A 6-cm layer of organic matter was considered as ‘high’ and a 
three cm layer was considered as ‘low’. Added materials were mixed through the fifteen cm soil 
layer with a rotary cultivator, before sowing the first crop of radish. The experiment was set up as 
a complete randomized block design with four replicates and seven treatments, three treatments in 
two rates, plus an untreated control containing 1.6% organic matter. Effects of organic treatments 
were followed for 36 weeks and percentages organic matter of each treatment were measured a 
week before the last observations. During this experiment the grower cultivated six crops of radish. 
During the second crop of radish in week 21 predatory mites H. miles were released in all plots at 
densities of 100/m2. Radishes were harvested by machine and leaves were left behind and mixed 
through the soil with a rotary cultivator before sowing the next crop of radish. Sowing densities 
and cultivars varied during the experimental period (Table 1). Numbers of radishes damaged by D. 
radicum, were analysed from four crops by scoring one m2 in the center of each plot (Table 1). 
Soil samples were taken from all 28 plots in week numbers 18, 28, 38 and 46 of 2003. 250 ml soil 
from each plot was collected by randomly sampling four times with an auger with a diameter of 
4.3 cm and 5.0 cm height. Soil microarthropods present in these soil samples were extracted by 
heat using Tullgren funnels. These organisms were collected in 70% ethanol, filtrated on a paper 
filter and identified under a binocular microscope at 40x magnification. Extracted soil predatory 
mites were mounted in glass slides in order to determinate species names. 

Statistical analyses 
Numbers of damaged radishes of experiment 1 were transformed on a logit scale and numbers of 
soil organisms and damaged radishes of experiment 2 were transformed on a log scale and 
analysed by ANOVA using GenStat Release 6.1, followed by mean comparisons by the least 
significant difference method. 

RESULTS 

Greenhouse experiment 1 
Natural infections with D. radicum did not occur during this experiment. Infection of radishes with 
eggs resulted in a mean survival of 36% (Table 2). The predatory mites H. miles reduced damage 
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by D. radicum by 58%, whereas releases of adult beetles of A. bilineata above ground had no 
significant effect. Burying pupae of Delia antiqua parasitized by A. bilineata however, reduced 
damage by D. radicum by 52% (Table 2). 
 
 
Table 1. Review of number of radish crops during the second greenhouse experiment in Hoek van Holland.  

crop start crop 
(weeks in 2003) 

duration 
(days) 

cultivar sowing density 
(seeds/m2) 

harvest assessment 
(weeks in 2003) 

1 11 37 NIZ-34-30 F1 350 16 
2 17 27 NIZ-34-30 F1 350 21 
3 22 24 NIZ Suprella 293 - 
4 27 23 NIZ Suprella 293 - 
5 32 28 NIZ Suprella 240 36 
6 36 42 Girox 234 41 

 
 

Table 2. Effects of A. bilineata and H. miles on D. radicum in greenhouse radish. 

treatment initial number of eggs 
of D. radicum 

mean number of 
damaged radishes (+ se) 

% control 

control  0 0 + 0 - 
control with eggs 50 18.0 + 2.12 a* - 
A. bilineata aboveground 50 14.5 + 3.33 ab - 
A. bilineata belowground 50 8.8 + 0.75 bc 52 
H. miles  50 7.5 + 1.89 c 58 
* Means are significantly different (p≤0.05) if they are not followed by the same letter. 

 
 

 
Figure 1. Added organic materials before mixing with a rotary cultivator in the second greenhouse 
experiment. 
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Table 3. Percentages organic matter 35 weeks after adding to soil.  

treatment organic matter (%) 
control 1.55 
yard waste compost low 1.94 
yard waste compost high 2.75 
cocopeat low 2.15 
cocopeat high 2.49 
white peat low 2.12 
white peat high 2.48 

 
 

Table 4. Mean number of soil organisms (+ se) per 250 ml soil of all treatments on four sample dates in 
2003. 

week Tyrophagus similis Collembola Hypoaspis miles Macrochelus robustulus 
18 29.21 (7.01) 7.86 (1.93) 0.00 (0.00) 0.14 (0.10) 
28 28.14 (7.11) 4.25 (1.30) 4.43 (1.94) 0.39 (0.13) 
38 17.71 (3.33) 4.00 (1.08) 0.75 (0.20) 0.25 (0.10) 
46 38.96 (4.17) 11.11 (1.70) 0.00 (0.00) 1.26 (0.34) 

 
 
 

 
Figure 2. Mean percentages (+ se) of radishes damaged by D. radicum grown on soils with added organic 
materials (March 2003) during three crops in 2003. Different letters indicate significant differences 
(P<0.05). 

 

Greenhouse experiment 2 
Differences in percentages organic matter were smaller than expected, but still present at the end 
of the second greenhouse experiment (Table 3). 

In the first planting of radish, fresh yard waste compost and white peat stimulated ovipostion 
of D. radicum in soils treated with these organic materials, whereas cocopeat did not (Fig. 2). This 
effect however was not present during the following crops. The third assessment (week 36) of 
harvest showed no damage of D. radicum at all. In the following harvest (week 41) low 
percentages of radishes were damaged by D. radicum (Fig. 2). Soil treatments with organic matter 
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had no statistically significant effects on numbers of soil organisms in four sample dates. In 
summer there was a decrease of all soil organisms and in autumn numbers of soil organisms 
increased again (Table 4). Despite this increase of prey species (Collembola and T. similis) the 
released predatory mite H. miles disappeared. A population of the natural occurring predatory mite 
M. robustulus however, increased in the same period. Oribatid mites, small predatory mites 
(Rhodacarus spp.), staphilinid and carabid beetles were found occasionally. 

DISCUSSION 
The predatory mite H. miles showed reasonable results in controlling D. radicum in radish. 
Burying pupae of Delia antiqua parasitized by A. bilineata also gave a reasonable reduction of 
damage, but implementation in practice will be expensive and hardly applicable. Organic 
treatments in the second experiment did not significantly increase survival of H. miles. In all 
treatments released mites disappeared in about twenty weeks. Prey species for H. miles such as T. 
similis and collembola were present at low densities in all treatments, probably because radish 
leaves were mixed through soil after each crop. A natural infection of the predatory mite M. 
robustulus showed a better survival than H. miles. This mite preys upon eggs of dung-breeding 
flies ((Halliday & Holm 1987) and will therefore probably also prey upon eggs of D. radicum. It is 
considered an effective coloniser of new or disturbed habitats (Manning & Halliday 1994). 
Densities of M. robustulus however, remained low (30-250/m2) in this experiment and were 
probably not high enough to give an effective control of D. radicum. Frequent releases of H. miles 
might be useful for growers. 

Kostal et al. (2000) states that D. radicum prefers substrates rich in organic matter to sand. In 
this experiment it was remarkable that cocopeat was not preferred by D. radicum, whereas yard 
waste compost and white peat were. Growers would be well-advised not to add these organic 
materials in spring when high population levels of D. radicum are expected. Some studies showed 
after a number of crops poor sandy soils had more damage by D. radicum than soils rich in organic 
matter (Kotlinski et al. 2000). Unfortunately these authors did not study the presence of soil-
dwelling predators in these substrates. 
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