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Abstract

Beneficial invertebrate activity was assessed in 2005 and 2006 in three organic and one conventional vegetable field using pitfall and pan traps. Data was generated from a total of 208 trapping sites in cauliflower, leek, cabbage, purple sprouting broccoli and calabrese crops and 80 sites in planted field margins. More activity of epigeal invertebrates was found in Brassica fields compared with leek fields and there was more in organic than conventional Brassica fields. Activity of useful invertebrate groups in the field margins decreased with vegetation development and there appears to be a need for management of margins in order to optimise activity of the most appropriate beneficial groups for the crop planted.
Introduction

The increase in area of organically farmed agricultural land, brought about mainly as a result of concerns about food quality (Leifert et al., 2007), has necessitated an increased knowledge of the distribution of beneficial invertebrates because crop protection chemicals cannot be used on organic fields. This is especially needed in intensively cultivated vegetable fields because, for instance, some ground beetles are known to be potentially important predators of cabbage root fly eggs (Finch, 1996), a pest of all Brassica crops. Groups such as ladybirds (Coccinellidae) and lacewings (Neuroptera) predate aphids, which can be a problem on a number of crops. Recent work (Prasad & Snyder, 2006) has shown that small and medium-sized ground beetles are useful in vegetable crops but large ground beetles are more likely to predate smaller beetles than pests. Enhancements such as planted field margins and beetle banks have been used to try to increase beneficial invertebrate activity (Landis et al., 2005) and these are likely to be most important in organic systems.

The influence of crop type, management system and field margin on beneficial invertebrate activity in three organic and one conventional vegetable field in eastern England was assessed in 2005 and 2006. Three Carabidae (ground beetle) groups, based on size, and seven other groups were recorded in five crop types and in field margins differing in structure between fields and from year-to-year.

Materials and methods

Five pitfall traps (8.5 cm diameter, 10 cm deep), 0.5 m apart, part-filled with saturated salt (NaCl) solution containing a small amount of strong detergent as a preservative were used to sample epigeal invertebrates at each site and a yellow box (22 x 31 cm, 20 cm deep), containing 1 cm of salt preservative, was used to sample aerial invertebrates. Sites were 20m apart and in lines 15, 30 and 45 m from the field margins. There were 40 sites in two cauliflower (var marathon) fields in 2005 and again in the same fields with leeks (var roxton) in 2006. In 2006 another organic field with cabbage (var sunta) and purple sprouting broccoli (var bordeaux) had 24 sites, as did a conventional field with calabrese (var iron). The conventional field was sprayed with herbicides and pesticides, for the control of cabbage root fly, and there was the use of inorganic fertiliser. The 4 m field margins of the organic fields were sown with a wild flower mix in late 2004, whilst the margin of the conventional field was sown in June 2006. Four sites were sampled in the two margins of each organic field, with eight margin sites in the conventional field. Traps were set in the first week in May 2005 for the cauliflower fields, the last week of May 2006 for the leek fields and the first week of May 2006 for the other two fields. Four samples were taken, at between three and four-week intervals, to cover most of the period from planting to harvest.

Carabidae (ground beetles) from the pitfall traps were split into three groups; small (<5 mm in length), medium (5-10 mm) and large (>10 mm) and counted, as were total numbers of Linyphiidae and Lycosidae (money and wolf spiders) from pitfall traps and of Staphylinidae (rove beetles), Coccinellidae (ladybirds), Syrphidae (hoverflies), Neuroptera (lacewings), and Hymenoptera (parasitic wasps; Ichneumonidae, Proctotrupoidae, Braconidae, Pteromalidae) from both traps. The totals, transformed by log10n+1, were used in linear mixed-effects models in the R statistical environment (R Development Core Team, 2007). Models had crop as a fixed factor and field and year as random factors and field margin location (field) as a fixed factor and year as a random factor. Means were compared using the Tukey HSD test (P<0.05).

Results

There were significant differences in the activity of all invertebrate groups between crop types (Tab. 1) except Hymenoptera. Activity of small Carabidae was greatest in cabbage and least in calabrese whilst there were few medium-sized Carabidae in all crops other than cauliflower. There were more large Carabidae in cabbage and broccoli than in the other crops whilst Staphylinidae activity was least in leek and calabrese. Most Cantharidae were found in cauliflower whilst the cabbage and broccoli had considerably more Coccinellidae than the other crops. Linyphiidae were least active in calabrese with most of the few Lycosidae in cabbage. Leek fields had the most Syrphidae and by far the most Neuroptera. Most Hymenoptera were found in cauliflower, with the least in broccoli. In general, there was less activity of invertebrates in the conventional calabrese with more epigeal invertebrate activity in organic Brassica crops and more aerial activity in the leeks. There were significant differences in activity in the field margins (Tab. 2). There were considerably more small and medium-sized Carabidae, Linyphiidae and Hymenoptera and fewer Staphylinidae, Cantharidae, Coccinellidae and Syrphidae in the margins of the cauliflower fields compared with the same sites in 2006. There were few Neuroptera recorded and the least activity of small and large Carabidae, Coccinellidae, Linyphiidae and Hymenoptera in the margins of the cabbage and broccoli field, although this field’s margins had the most Lycosidae.

Tab. 1: Mean numbers of beneficial invertebrate groups recorded from sites in the five crop types (O = organic, C = conventional, Cauli = cauliflower, Cabb = cabbage, PSB = purple sprouting broccoli, Calab = calabrese).

	Group


	Ocauli
	Oleek
	Ocabb
	OPSB
	Ccalab
	

	Small Carabidae
	94c
	91c
	304a
	197b
	49d
	***

	Medium Carabidae
	35a
	4b
	14a
	9b
	10a
	**

	Large Carabidae
	36c
	120b
	325a
	297a
	88b
	***

	Staphylinidae
	167a
	76b
	159a
	142a
	84b
	**

	Cantharidae
	5a
	2b
	1b
	1b
	0b
	***

	Coccinellidae
	9b
	11b
	36a
	46a
	1c
	***

	Linyphiidae
	88b
	116a
	106ab
	83ab
	44c
	**

	Lycosidae
	1c
	3ab
	4a
	3ab
	2bc
	**

	Syrphidae
	1b
	13a
	10a
	4b
	2b
	***

	Neuroptera
	0b
	14a
	1b
	0b
	0b
	***

	Hymenoptera
	100a
	90a
	79a
	57a
	76a
	n.s.


n.s. not significant

** significant for P<0.01

*** significant for P<0.001

Superscripts indicate significant differences between means (P<0.05)
Tab. 2: Mean number of beneficial invertebrate groups recorded from sites in the field margins of the six fields in the two years (05, 06) of the survey (abbreviations as Tab. 1).

	Group


	Org05

Caul1
	Org05

Caul2
	Org06

Leek1
	Org06

Leek2
	Org06

Cabb/PSB
	Con06

Calab
	

	Small Carabidae
	121a
	130a
	57b
	41b
	18b
	26b
	**

	Medium Carabidae
	260a
	249a
	68b
	90b
	92b
	83b
	*

	Large Carabidae
	220ab
	175b
	301a
	222ab
	70c
	173b
	***

	Staphylinidae
	99b
	133b
	251aa
	154ab
	208ab
	107b
	*

	Cantharidae
	5bb
	3b
	52a
	51a
	11b
	6b
	***

	Coccinellidae
	3a
	10a
	24a
	20a
	7a
	23a
	*

	Linyphiidae
	1004a
	646a
	217b
	108b
	32b
	79b
	***

	Lycosidae
	16b
	37a
	44ab
	22b
	74a
	5b
	***

	Syrphidae
	0c
	0c
	44ab
	56a
	21bcc
	24bc
	***

	Neuroptera
	0b
	0c
	0b
	0b
	6a
	2ab
	***

	Hymenoptera
	496a
	316b
	183c
	159c
	78c
	99c
	***


* significant for P<0.05

** significant for P<0.01

*** significant for P<0.001

Superscripts indicate significant differences between means (P<0.05)

Discussion
Less beneficial invertebrate activity was recorded from the conventionally managed calabrese field, with use of herbicide and insecticide. However, there was also far less activity of the soil-surface active invertebrate groups in the leek fields compared with the organic Brassica fields, although aerial invertebrate activity was generally higher. Ground beetle species distribution has been linked to the extremes of disturbance (Eyre, 2006) and the open leek fields are more disturbed and provide less cover than Brassicas. The planted field margins should provide a supply of appropriate beneficial invertebrates and the margins of the cauliflower fields in 2005 had high numbers of small and medium-sized Carabidae. These are predators of cabbage root fly eggs (Finch, 1996), but there was less activity in the field, especially of medium-sized Carabidae, indicating poor migration from the margins. This lack of immigration into crop fields has been observed with spiders (Sunderland & Samu, 2000) and most immigration from the margins appears to have by large Carabidae, of little use for egg predation (Prasad & Snyder, 2006). Vegetation density differed in the organic field margins between the two years and there was far more activity of the useful smaller Carabidae, as well as the Linyphiidae, in the more open margins of 2005 compared with the dense, total cover in 2006.

Conclusions
Whilst there were considerable differences in beneficial invertebrate activity between leek and Brassica crops, differences in activity in field margins are likely to more important. In order to optimise activity of specific beneficial invertebrates, properly planned management of field margins is likely to be necessary.
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