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Abstract –Maintaining ecosystem functions is a key issue for sustainable farming, while recent reviews (Hole et al, 2005, Fuller et al 2005) have highlighted that a wide range of taxa, including birds and mammals, benefit from organic management of land, there is a need to bring together the evidence for the impact of agricultural management practices on belowground biodiversity. A focus simply on the biodiversity of below-ground species is however not enough and there is a need to consider the contribution of below-ground biological processes to the maintenance and enhancement of a range of ecosystem services. A recent literature review on the impacts of land management practices on soil ecology and function shows clearly that farm management practices do alter below-ground biodiversity and ecosystem function. The data indicate that reducing the intensity of use of mechanical and manufactured inputs and (re)-discovering cost-effective ways to integrate biological inputs, will benefit below–ground biodiversity, particularly in lowland grassland and cropping systems.  Benefits are seen from both organic and integrated systems; the evidence base is not strong enough to conclusively distinguish the benefits of these approaches from one another in lowland arable systems.

Introduction
Increased consumer awareness of food safety issues and environmental concerns have contributed to the growth in development of a number of ‘sustainable’ farming systems over the last few years. Organic farming has become understood as one option for sustainable farming and a viable alternative to the more “high input- high output” agriculture.

 Policy support for organic farming is based dominantly on evidence relating to above-ground impacts on biodiversity (Hole et al. 2005). The evidence base for all impacts derives mostly from lowland arable systems. Several studies have compared biodiversity on organic and conventional farming systems (Hole et al 2005).  Arable weed biodiversity in particular has been shown to increase in response to organic management (Bengtsson et al. 2005, Fuller et al. 2005), positive effects have also been detected for species diversity of butterflies (Feber 1997), soil organisms, predat
ory invertebrates, bats and birds (Bengtsson et al. 2005, Fuller et al. 2005).  There are several features of organic management that are likely to cause these underlying differences, not least the absence of synthetic pesticides and artificial fertilizers (the latter are likely to be a significant factor in grass-dominated systems). In addition, the greater diversity of land use (especially through rotations where arable crops are grown) and the generally higher quality non-crop habitat that is typical of organic farming is likely to contribute significantly to farmland biodiversity.  However, it should be noted that most large-scale studies of biodiversity on organic systems have been biased towards (e.g. Chamberlain et al. 1999), or targeted upon, lowland arable systems (e.g. Fuller et al. 2005).  

Impacts of agricultural management practices 

The potential use of land for agriculture in any particular location is rarely unconstrained. Assessment of land use quality uses a number of relatively fixed characteristics of any site to define the quality of land (e.g. climate, slope). These intrinsic site factors are largely unmanageable and consequently they set the boundary for the range of agricultural practices that are possible e.g. the Agricultural Land Classification system used in England, land of Grade 5 is not suitable for cultivation, and land of grades 1-3a would usually experience some at least rotational cropping. 

A similar range of fixed factors (climate, depth, stoniness, mineralogy, texture) has also been identified as controlling the maximum potential soil OM content (Ingram and Fernandes 2001).  Because of the close relationship between soil OM contents and the size of the soil microbial biomass pool, it is not unreasonable to suggest that a similar range of factors might operate to define the potential size of the below-ground biomass populations in soil.  It is clear that these factors have a large direct influence on the habitat factors identified above.  These fixed site factors also constrain the range of plant species likely to be present and determine the potential net primary production of that plant community.
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Table 1. Results of Web of Knowledge search showing number of hits for each combination of group and management practice

The literature can be divided into studies of individual management practices on a particular organism, group of organisms or function and studies that compare the effects of farming systems on such parameters. Table 1 indicates the breadth of literature on the former group of studies. This search was carried out on Web of Knowledge February 2006 using the search terms e.g. Soil not (rice or tropical or forest*) and earthworm* and (farmyard manure or slurry or compost). Individual combinations of management practice and group gave from 0 to 920 references. It is perhaps surprising that there appear to have been very few studies addressing the impact of clover based leys on soil organisms. With the exception of impact on microbial biomass, the impact of crop residues themselves has also received surprisingly little attention.


A number of studies have explicitly compared the impacts of a range of farming systems on below-ground ecology.  The major difficulties of all such comparative studies lies in the validity of the basis of the comparison and then subsequently in the applicability of the results to other sites and as a guide for practical farm management.  One of the difficulties of interpreting comparative experiments, and indeed making comparisons between separate studies on farming systems, is the lack of definition of the terms “low input”, “integrated” and “conventional” farming. A number of previous reviews have drawn together data on the impacts of farming systems on biodiversity.  These comparisons often yield uncertain results: Foissner (1992) concluded that “It is increasingly evident that generalisations like – conventional farming destroys life in the soil – or- Ecofarming stimulates soil life – are only partially supported by the available data”.  However, the most recent reviews largely show positive impacts of organic farming in comparison with conventional systems.  Bengstsson et al (2005), as part of a meta-analysis of all aspects of biodiversity in organic farming systems, showed that soil organisms were generally more abundant in organic agriculture systems, but heterogeneity among studies was large.  Positive impacts on earthworms, microarthropods (mites and collembola) and fungal populations were confirmed, whereas effects on bacterial biomass and activity were unclear (Bengstsson et al 2005).  
Conclusions

Much of the literature on below-ground ecology is necessarily divorced from a consideration of practical management whilst it goes in search of detailed understanding of taxonomy, physiology and/or function.  However, there does seem to be a significant disparity between the advances that have been made in our understanding of the importance, interactions and even impacts of management practices on below-ground ecology and the transference of this knowledge into practical guidance for farmers and land managers.
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