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Abstract: The abundance of entomopathogenic nematodes and soil dwelling stages of plant specific insects was studied in an organic cropping system for two years. In addition was the survival of an inoculated strain of Steinernema feltiae studied. The abundance of naturally occurring entomopathogenic nematodes was in general at a low level throughout the observation period (0-26 % positive samples). Inoculated S. feltiae established well when pea was grown in the same or in the following year whereas the nematodes were less able or unable to establish in the other crops (cabbage, carrots, barley, alfalfa/clover). The successful establishment of nematodes, and the abundance in general, correlated well with the presence of plant specific insects.
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Introduction
Entomopathogenic nematodes are soil living organisms and are commercially available for biological control of pest. The key pests are scarabids, weevils, and sciarids in high value crops. The strategy here is often to release high numbers of nematodes in order to reduce the number of pest insects to an acceptable level (inundation biological control). This strategy would be too expensive in agricultural fields where large areas have to be covered and another strategy could be to favour the naturally occurring nematodes through cultural practise (conservation biological control). In some situations, however, the population size of the naturally occurring nematodes will be at a very low level and nematodes may have to be released first (inoculation biological control). The different terms for biological control mentioned above refers to the terminology suggested by Eilenberg et al. (2001). In the present study both the naturally occurring entomopathogenic nematodes and an inoculated isolate of Steinernema feltiae was followed over two years in an organic cropping system. The aim of studying entomopathogenic nematodes in this system was to gain knowledge on how cultural practise influences the populations of entomopathogenic nematodes. This knowledge may then be used to design or improve cropping systems that propagate entomopathogenic nematodes an in this way lower the risk of pest problems.  

Materials and Methods
The organic cropping system that was studied was situated at Research Center Årslev (Danish Institute of Agricultural Sciences).The cropping system consisted of six 1-hectare fields that had been grown organically for six years without application of fertiliser or manure. The crops were grown in a fixed rotation of barley, green manure (alfalfa/clover), carrots/onions, cabbage/leek and pea. The cropping system is further described by Thorup-Kristensen (1999). Entomopathogenic nematodes were quantified spring (May / June) and autumn (September / October) in 2001 and 2002 by baiting with Tenebrio molitor in four of the six fields. Baiting was performed on soil samples from 10 plots (7 m2 each) in each of the fields. Five of the plots had been inoculated with S. feltiae (obtained from e-nema, Kiel, Germany) after the first bait in spring 2001. From each plot, 23-25 soil cores (approximately 400 ml of soil) were taken and stored at 5(C until baiting was performed (up to two months after sampling of soil). Each sample was baited twice by mixing and dividing the soil into two sub-samples. The sub-samples were baited in plastic jars that were placed in the dark at 18-24(C. One T. molitor larva was added per jar. The larvae were checked after one week. Dead larvae were replaced by a new larva and jars were checked again the following week where baiting was ended. Dead larvae were placed individually on water traps to collect nematodes emerging from the larvae. If one or more of the larvae from a sample was/were infected, the sample was denoted positive. In addition were soil living insects quantified once during the growing system by taking soil samples (1-4 l of soil per sample) around the root of the crop plants. Special attention was given to plant specific insects like cabbage root fly (Delia radicum) in cabbage, carrot root fly (Psila rosae) in carrots and the weevil Sitona lineatus in pea and alfalfa/clover. Cabbage root flies and carrot root flies were quantified when they were in the pupal stage in September whereas Sitona lineatus were quantified in July when the major part was in the larval stage. All insects were extracted by suspending the soil sample in water followed by flotation and sieving.

Table 1. Percentage of soil cores in Field A (not inoculated plots) that were positive for entomopathogenic nematodes. The field was grown with cabbage in 2001 and barley in 2002. The nematodes were a mixture of Steinernema affine and S. feltiae.


 
            


Positive cores (%)


Mean


Year
Season
Plot 1
Plot 2
Plot 3
Plot 4
Plot 5
(%)

2001
Spring
4
8
4
0
13
6


Autumn
32
38
12
16
33
26

2002
Spring
8
24
20
8
12
15


Autumn
4
20
0
4
0
6
Results
The bait results from the four fields are presented in Table 1 (Field A; data from not inoculated plots) and Figure 1 (Field B, C, D; data from all plots). The number of positive cores per plot in Field A ranged from 0-38 %. The highest level was observed in the autumn of 2001 after 

Table 2. Quantification of plant specific soil living insects in the organic cropping system at Årslev. Each soil sample contained one (cabbage, pea) or several roots (alfalfa/clover, carrots).

Crop
               Insects per samplea
Insect species
Time




2001

2002



Alfalfa/clover
0.8

.
Sitona lineatus larvae
July

Barley

.

.
No sampling



Cabbage

7.2

11.8
Delia radicum pupae
September

Carrot

0.1

0.0
Psila rosea pupae
September




0.0

0.0
Agrotis segetum
September

Pea

15.6

11.9
Sitona lineatus
July

cabbage had been grown with a mean of 26 % positive cores. In the following year the numbers decreased again with a similar trend in all plots. The percentage of positive cores in not inoculated plots in Fields B, C, and D were generally at a low level. This was also the situation in Field C in inoculated plots whereas relatively high levels were seen in Field B and D in inoculated plots. The reason for these high levels could be the growing of pea which in 2001 in Field B resulted in 56 % positive cores and in 2002 in Field D raised the level from 22 % to 88 %. In field B, the number of positive cores remained at a high level in the autumn of 2002 (63 % positive cores). 


The successful establishment of S. feltiae in pea correlates well with the abundance of potential hosts in this crop with 15.6 and 11.9 S. lineatus larvae per plant in 2001 and 2002, respectively (Table 2). In the other crops, only cabbage was found to be infested with insects pests in higher numbers. The numbers of  D. radicum were 7.2 and 11.8 per plant in 2001 and 2002 respectively (Table 2). 

[image: image1.wmf]Spring 2001

Autumn 2001

Spring 2002

Autumn 2002

Spring 2001

Autumn 2001

Spring 2002

Autumn 2002

Positive cores (%)

0

10

20

30

40

50

60

70

80

90

100

Nematodes

 inoculated

No sampling

Field B                                       Field C                                    Field D

Pea (2001) - Barley (2002)             Alfalfa/clover (2001) - Leek (2002)              Carrot (2001) - Pea (2002)

Spring 2001

Autumn 2001

Spring 2002

Autumn 2002

Spring 2001

Autumn 2001

Spring 2002

Autumn 2002

Spring 2001

Autumn 2001

Spring 2002

Autumn 2002

Spring 2001

Autumn 2001

Spring 2002

Autumn 2002

No sampling

No sampling

Nematodes

inoculated

Nematodes

inoculated


Figure Fejl! Ukendt argument for parameter.. Entomopathogenic nematodes in Fields B, C and D in the organic cropping system at Årselv. Each bar is the mean of five plots. Results from Field A is shown in Table 1.

Discussion
One of the most important factors for the abundance of entomopathogenic nematodes in the cropping system at Årslev seemed to be the number of potential hosts. Sitona linetaus is known to be susceptible to entomopathogenic nematodes (Wiech & Jaworska, 1990) and infected larvae were observed in Field D at Årslev in 2002 (data not shown). The growing of pea was thus beneficial for the inoculated nematodes. The level of naturally occurring nematodes was also raised in pea although the general level was very low (from zero to 7 % in 2001 and from 1 to 9% in 2002). An increase in the level of entomopathogenic nematodes was also seen during the growing of cabbage (Table 1) and the host here could be D. radicum. It has been shown that S. feltiae can reproduce in D. radicum (Nielsen, 2003; Nielsen & Philipsen, in press).


The main conclusions of the present work is thus that entomopathogenic nematodes were present at a low level but inoculation of nematodes in relation to a crop infested with soil living pests could establish a higher level of nematode abundance.
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