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Abstract. Vegetable crops, more than other agricultural crops, are exposed to great damages caused by 

slugs. Current control methods rely on chemical molluscicides that are often ineffective and harmful to 

non - target organisms, specially Carabids. Parasitic nematode Phasmarhabditis hermaphrodita 

(Schneider) parasites many slugs and snails and has been formulated as biological molluscicide. In this 

investigation, effectiveness of P. hermaphrodita applied in recommended and half the recommended 

dose in slug control in greenhouse lettuce and cabbage was evaluated and compared with metaldehyde 

and methiocarb pellets. Tested mollusicides did not stop feeding of Arion lusitanicus Mabille and did 

not achieve long term protection from slug damage. The use of standard dose of P. hermaphrodita in 

lettuce and cabbage provided satisfactory protection from slugs to harvest. Half recommended dose of 

P. hermaphrodita showed lower level of protection compared with recommended dose. Repeated 

applications of half recommended dose of P. hermaphrodita could boost molluscicidal effect to the 
level of the efficacy reached by standard dose, so it could find their place in practice. Effective control 

of A. lusitanicus using parasitic nematodes provides great opportunity to replace chemical 

molluscicides in organic production and to reduce their negative side effect to non - target organisms 

and the environment. 
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Introduction  

Slugs are serious pests in many crops all over the world (Godan, 1979; Port and Port, 

1986; South, 1992) and present one of the most significant threats to sustainable 

agriculture (Barker, 2002). Their significance as pests is especially evident in vegetable 

growing. Leafy vegetables such as lettuce and brassica crops are particularly threatened. 

Slugs feed on plants but they also contaminate it with mucus and faeces (Port and Ester, 

2002). In recent years, the slug species Arion lusitanicus Mabille has become a serious 

pest throughout Central, Northern and Eastern Europe (De Winter, 1989; Fechter and 

Falkner, 1990; von Proschwitz, 1997; Briner and Frank, 1998; Turner et al., 1998). In 

Croatia, A. lusitanicus is the most common and the most damaging slug species in 

vegetable growing (Fischer et al., 1999; Grubišić et al., 2013). Current control methods 

rely on chemical molluscicides formulated into baited pellets that are often ineffective 

and can harm non-target organisms. Molluscicides contain metaldehyde or carbamates 

as active ingredient (Garthwaite and Thomas, 1996; Henderson and Triebskorn, 2002). 
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In organic agriculture, the use of slug pellets containing metaldehyde or carbamates is 

restricted or not allowed. The European Union has baned methiocarb slug pellets since 

19 September 2014. The other major slug pellet product metaldehyde has come under 

pressure after the product has been found in watercourses. A new molluscicide based on 

iron phosphate has been recently registered in many European countries (Speiser and 

Kistler, 2002; Rae et al., 2009) and shows promise for slug control, particularly in 

organic agriculture (Iglesias et al., 2001). Tighter controls over metaldehyde-based slug 

pellets are likely in high-risk water catchment areas to try and cut pesticide levels in 

drinking water, which will leave only iron phosphate pellets as an alternative. In the 

meantime, it was evidented that high doses of iron phosphate increase mortality and 

reduce surface activity of earthworms (Langan and Shaw, 2006). Therefore, the new 

solutions for slug control must be investigated. In 1994, the nematode Phasmarhabditis 

hermaphrodita (Schneider) has been commercialized as a biocontrol agent for slug 

control (Glen et al., 1996). The nematodes are mass produced in liquid medium in 

fermenters of up to 20 000 L, in monoxenic association with Moraxella osloensis Bøvre 

& Henriksen (Rae et al., 2007). This nematode species is used as an inundative 

biological control agent lethal to many slug species (Wilson et al., 1993; Glen et al., 

1996; Speiser et al., 2001; Iglesias and Speiser, 2001; Grewal et al., 2003) although not 

all of them were killed at a similar rate, what indicated their different sensitivity to the 

nematode. It was noticed that sensitivity  to P. hermaphrodita decreases with increasing 

of body size in large slug specimens of the family Arionidae (Glen et al., 1996; Speiser 

et al., 2001; Grimm, 2002; Grewal et al., 2003). Also some authors reported that P. 

hermaphrodita causes significant reduction in the plant damage by inhibiting slugs 

feeding, without causing their death (Glen et al., 1996; Grimm 2002; Rae et al., 2009). 

Nematode P. hermaphrodita has been used to reduce slug damage in a number of 

agriculture crops (Rae et al., 2007) and has been successfully used in some vegetable 

crops like cabbage (Grubišić et al., 2003), asparagus (Ester et al., 2003a), Brussels 

sprouts (Ester et al., 2003b) and Chinese cabbage (Kozłowski et al., 2014). In UK, 

commercial growers routinely use P. hermaphrodita to reduce slug damage in 

asparagus, lettuce, Brussels sprouts, cabbage and celery (Rae et al., 2007). Biological 

products based on nematode P. hermaphrodita are more expensive than chemical 

molluscicides and are not available on some markets and to all vegetable producers. 

Some investigations were aimed in reducing treatment cost through the reducing 

numbers of nematodes applied, repeated applications of low doses (Ester et al., 2003a,b; 

Rae et al., 2006, 2009), application of the recommended rate of nematodes in bands or 

around individual plants (Rae et al., 2009) and immersion of plant roots (Kozłowski et 

al., 2014). A significant fact like is that P. hermaphrodita may survive approximately six 

weeks in soil (Kozlowska et al., 2014) or up to 99 days (Vernavá et al., 2004) indicates 

that it is not necessary to apply the product multiple times, what could bring significant 

reduction in costs of protecting plants by use of P. hermaphrodita based products. The 

aim of this study was to investigate the possibility of reducing the recommended dose of 

P. hermaphrodita, by using it in combination with metaldehyde and in half 

recommended dose, in control of  slug species A. lusitanicus in cabbage and lettuce 

crops. Also the aim was to check the efficiency of chemical molluscicides in control of 

A. lusitanicus, considering the dissatisfaction of producers with their effectiveness in 

practice and their limited use in organic production. 
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Materials and methods 

Greenhouse experiment was performed on a commercial lettuce farm at Petina near 

Zagreb Croatia from October 6 to November 9 2009. Investigation in cabbage was 

conducted in greenhouse at Čehi near Zagreb Croatia from March 30 to May 5 2010. In 

both locations prevail alluvial carbonate loamy soil. Mean daily temperature evidented 

at Petina, while conducting experiment in lettuce, was 9.3 ºC and the mean soil 

temperature at 10 cm depth was 11.8 ºC. Mean daily temperature evidented at Čehi was 

13.4 ºC, while the mean soil temperature at 10 cm depth was also 13.4 ºC. Lettuce 

(variety Lollo Bionda) and cabbage (variety Jetma F1) transplants were planted in rows 

30 cm apart. The slug species determined in greenhouse lettuce and cabbage was A. 

lusitanicus (Fig. 1). There were six treatments: (1) untreated control; (2) metaldehyde 

pellets (5% a.i., recommended rate); (3) methiocarb pellets (4% a.i., recommended 

rate); (4) P. hermaphrodita (30 nematodes per cm
2
, recommended rate); (5) P. 

hermaphrodita (15 nematodes per cm
2
, half the recommended rate) and (6) metaldehyde 

pellets (half the recommended rate) + P. hermaphrodita (half the recommended rate). 

There were four replicates (2 x 2 m) of each treatment arranged in a randomised block 

design. In experiment, commercial formulation of P. hermaphrodita known as 

Phasmarhabditis - System (Biobest N.V., Belgium) was used. The nematodes were 

stirred in watering can full of water and applied over the soil surface using a watering 

can fitted with a rose (Fig. 2. and Fig. 3). Pellets of molluscicides were broadcasted by 

hand. Slug damage in lettuce experiment (Table 1) was assessed visually by estimating 

the percentage of leaf area eaten by slugs 2, 7, 13, 19 and 33 days after treatment and in 

cabbage experiment 7, 10, 17, 23, 31 and 38 days after treatment (Table 2). All data 

were subjected to ANOVA and Duncan's New MRT (P=.05). Different intervals in 

estimating the slug damage were due to different speed of development of the lettuce 

and cabbage plants in different periods of the year. Also lettuce transplants were more 

sensitive and gentle so estimating started earlier. In cabbage, estimating lasted longer 

because of longer period since picking time. 

 

     

Figure 1. Slug species Arion lusitanicus  

in lettuce 
Figure 2. Application of P. 

hermaphrodita in lettuce 
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Figure 3. Application of P. hermaphrodita in cabbage 

Results 

In greenhouse experiment conducted in lettuce for 33 days (Table 1), from the second 

day onwards, damages evidented on all treatments were significantly less than on the 

untreated control, indicated good slug control. Up to day 7 all treatments were equally 

successful. On day 13 better protection than on the other treatments was provided by 

metaldehyde pellets applied in recomended dose. Methiocarb pellets were less effective 

than metaldehyde, what was also confirmed on the last day of assessment. On day 13 

recommended dose of P. hermaphrodita differed from the other treatments, provided the 

lowest level of slug control, but from day 19 to day 33 reduction in slug feeding was 

noticed. On day 33 the level of protection provided by recommended dose of P. 

hermaphrodita was higher than of other treatments. Since day 19 until the end of the 

experiment, damages on half recommended doses of P. hermaphrodita have been in 

progress. 

 
Table 1. Slug damage (in %) after chemical and biological molluscicides use in lettuce 

greenhouse experiment 

    Days after treatment   

No.  of 

treatment 
Treatment 2 7 13 19 33 

1 Untreated 65.25 a* 47.00a 50.75a 64.75a 43.00a 

2 Metaldehyde 2.00 b 1.75b 4.75c 4.50b 4.00bc 

3 P.hermaphrodita ½ 

dose 
3.75 b 2.25b 10.00bc 3.25b 4.00bc 

4 P.hermaphrodita ½ 

dose + ½ dose 

metaldehyde 

1.5 b 2.00b 6.25bc 3.00b 4.00bc 

5 P.hermaphrodita 

recommended dose 
3.25 b 1.75b 12.25b 4.50b 3.50c 

6 Methiocarb 0.3 b 2.00b 7.25bc 6.00b 5.00b 

 LSD P = 5% 5.484 3.677 5.836 5.164 1.263 

*means followed by same letter are not significantly different according to Duncan's multiple range test 
(P=.05) 
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In the experiment in cabbage (Table 2), all treatments were significantly different 

from the control, and of equal efficacy in slug control, from the first week to day 23 

after treatment. On day 23 metaldehyde showed significantly lower efficacy than other 

treatments. Towards the end of the experiment (day 38), leaf damages started to 

increase and the best efficacy in slug control was obtained by the recommended dose of 

P. hermaphrodita. Treatments 2, 3 and 4 did not differ significantly. Methiocarb was 

significantly less effective than recommended dose of P. hermaphrodita and, according 

to estimated slug damage, though not statistically, less effective than metaldehyde. 

Mean percentage of slug damage in lettuce experiment evidented on all treatments 

was 4,1% and in cabbage experiment was 17,5%. Considering assessed 43% damage on 

control plots in lettuce and 43,15 % in cabbage, all treatments significantly reduced slug 

damage, although they did not stop slug feeding. 

 
Table 2. Slug damage (in %) after chemical and biological molluscicides use in cabbage 

greenhouse experiment 

    Days after treatment    

No. of 

treatment 
Treatment 7 10 17 23 31 38 

1 Untreated 27,89a 48,2a 50,52a 20,97a 16,52a 43,15a 

2 Metaldehyde 0,5b 2,25b 1,92b 19,24a 12,77ab 15,44bc 

3 P.hermaphrodita 

½ dose 

1,71b 3,36b 3,23b 3,39b 4,71c 20,81bc 

4 P.hermaphrodita 

½ dose + ½ dose 

metaldehyde 

1,22b 2,22b 2,08b 9,04b 8,52bc 18,52bc 

5 P.hermaphrodita 

recommended dose 

0,68b 1,75b 2,17b 4,36b 3,78c 7,22c 

6 Methiocarb 3,11b 2,67b 2,33b 9,86b 6,99c 25,37b 

 LSD P = 5% 3,689 5,513 5,008 8,203 5,125 14,464 

*means followed by same letter are not significantly different according to Duncan's multiple  

range test (P=.05) 

Discussion 

Slug species A. lusitanicus is very hard to control, what has been observed by many 

vegetable producers (Grubišić et al., 2013). In the experiments in lettuce (lasting for 33 

days) and in cabbage (lasting for 38 days) slug feeding was evidented on all treatments 

and on every assessment day. In experiment conducted under laboratory conditions in 

Croatia (Grubišić et al., 2013) adult specimens of A. lusitanicus infected by P. 

hermaphrodita died within 3 to 30 days. Death of infected slugs within 4 to 20 days, 

depending on temperature and abundances of the nematodes, have also been reported by 

Glen et al. (2000) and Grewal et al. (2001, 2003). At the treatments metaldehyde and 

methiocarb slugs were dying in the period of 9 to 24 days (Grubišić et al., 2013). Food 

consumption was reduced on both chemical (methiocarb and metaldehyde) and 

biological (P. hermaphrodita) treatments but the most of adult specimens of A. 

lusitanicus continued to feed with different extent until death (Grubišić et al., 2013) 

what could explain slug damages evidented in lettuce and cabbage by the end of field 

experiments. Some previous investigations (Speiser et al., 2001; Grimm, 2002) also 

pointed at the negative effect of slug size on the efficacy of P. hermaphrodita as the 

reason of unsatisfactory pest control.  
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Mean percentage of slug damage in lettuce experiment evidented on treatments 2, 3, 

4, 5 and 6 the last day of assessment was 4,1%, so all treatments significantly reduced 

slug damage in relation to untreated control. Considering slug pest species A. 

lusitanicus and assessed 43% slug damage on control plots, even higher damages were 

expected on tested treatments. On day 13 and 19, mean percentage of slug damage on 

treatment with recommended rate of P. hermaphrodita was higher than on half the 

recommended rate (treatments 5 and 6), though not statistically. Considering results that 

D. reticulatum and A. ater actively avoid areas of soil where P. hermaphrodita is 

present at densities of 38 and 120 cm
-2

 (Wilson et al., 1999), and a density of 38 cm
-2

 is 

close to the recommended rate of P. hermaphrodita (30 cm
-2

), it is possible that at the 

plots where recommended rate of nematodes were applied, slugs were more of the time 

at the soil surface thus causing more damage to lettuce. Additionally, larger specimens 

noticed in lettuce crop usually stay on the soil surface (Frank, 1998) so it could be 

difficult for nematodes, which were applied on and live in soil to infect them. Many 

trials (Ester et al., 2003a,b; Grewal et al., 2001; Rae et al., 2009) have shown that 

repeated applications of low rate of P. hermaphrodita provided a significant reduction 

to slug damage, even as well as metaldehyde pellets. By the end of lettuce experiment 

(on day 33) equable results were evidented with only one application of half 

recommended rate of P. hermaphrodita and metaldehyde. On day 33 recommended rate 

of P. hermaphrodita expressed better control of slugs in lettuce than the other 

treatments and significantly better than methiocarb. Treatment with P. hermaphrodita 

was also superior to methiocarb treatment in several experiments reported by Wilson et 

al. (1994a,b) and Glen et al. (1996). Repeated application of half recommended rate of 

P. hermaphrodita could boost molluscicidal effect to the level of the efficacy reached 

by recommended rate of P. hermaphrodita at the end of the experiment.  

In cabbage experiment recommended rate of P. hermaphrodita protected plants from 

slug damage effectively to day 38. In previous investigations in cabbage crop in Croatia 

(Grubišić et al., 2003) recommended rate of P. hermaphrodita also provided 

satisfactory protection for 30 days after application, until picking time. Up to day 31 in 

cabbage experiment, half the recommended dose of P. hermaphrodita showed 

statistically equable results as standard dose of P. hermaphrodita, while on day 38 

damages on treatment with half recommended dose of  P. hermaphrodita increased. 

These results indicate that three to four weeks, after the first application of half the 

recommended rate, it should be applied again if vegetable is grown for a such a long 

period. Considering the results obtained by Ester et al. (2003a,b), Grewal et al. (2001), 

Rae et al. (2009) and the results achieved at the end of both experiments in lettuce and 

cabbage, the need of repeated application of half the recommended P. hermaphrodita 

rate, about three to four weeks after the first application, in order to maintain the level 

of efficacy to harvest, should be considered.Vernaváet al. (2004) found that nematodes 

were still in the soil 99 days after application of biological product based on P. 

hermaphrodita, but the height of nematodes population could be questionable.  

Conclusion 

All treatments, chemical (based on metaldehyde and methiocarb) and biological 

(based on parasitic nematode P. hermaphrodita), in both experiments significantly 

reduced slug damage in relation to untreated control. According to estimated slug 

damage on the last day of assessment in both experiments, though not always 
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statistically, recommended dose of P. hermaphrodita expressed better control of slugs 

than the other treatments. In practice, in some cases, higher yields or products of higer 

quality, means a lot to the producers, even the results were not statistically approved. 

Based on the results achieved in lettuce and cabbage experiment, it was noticed that the 

height of nematodes population could determine the effectiveness of nematodes in slug 

control, so re-application of half recommended doses of P. hermaphrodita, about three 

to four weeks after the first application, could be justified. This approach should be 

tested in further investigations. Re-treatments of chemical mollusicides, due to loss of 

efficacy, are not allowed because of the waiting period (21 days) and the proximity of 

harvest. Biological control of slugs using P. hermaphrodita should be tested in other 

vegetable crops in greenhouses but also in the field. The achieved results would be of 

great importance especially in organic vegetable growing and under the circumstances 

of the fewer number of limacides on the market. 
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