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INTRODUCTION

  This volume of Aspects of Applied Biology has been produced for the conference organised by 
the Association of Applied Biologists in conjunction with COR – the Colloquium of Organic 
Researchers.
  Organic farming systems are increasingly recognised throughout the world as a realistic alternative 
to intensive industrial agriculture. Consequently there is also an increasing amount of research 
activity both formal and informal linked to the study of organic farming systems. This biennial 
conference aims to provide a forum where approaches to, and unresolved issues arising from 
research in organic farming systems can be aired and new thinking enabled. In this conference, we 
will take as our focus the question on the lips of many policy-makers and consumers – what will 
organic farming deliver? and how can this be facilitated?
  Organic farming systems are characterised by: crop diversity in time and/or space to assist with 
weed pest and disease control and the recycling of nutrients; achievement of self-suffi ciency in 
nitrogen through the use of biological nitrogen fi xation; extensive management of livestock; and 
the prohibition of many synthetic nutrient sources or plant treatments. Organic farming systems 
are very diverse with a range of crop and animal enterprises often linked together. However, strong 
unifying principles link them and in many countries organic farming now has a clear legislative 
basis and certifi cation schemes for production and processing.
  The conference sought to be cross-cutting and, while encouraging researchers with a wide range 
of interests to attend, it did not separate the sessions into discipline-orientated parallel sessions. 
The themes identifi ed for the main platform sessions were consequently broad; the widest possible 
interpretation being made about topics suitable within each theme:

 ● Delivering health?
 ● Delivering profi t?
 ● Delivering better environments?

  The conference also included extended poster sessions which will provide a major route for scien-
tifi c interaction during the conference. All offered papers should take an appropriate scientifi c and 
critical perspective with conclusions based on the careful evaluation of the available evidence.
In addition one day of the conference was focussed on issues relating to sharing knowledge and 
learning pathways amongst the variety of stakeholders engaged in and with the organic farming 
sector in the UK. There were also fi eld visits.

  Thanks are due to all members of the organising committee (see below) for their invaluable help 
with this conference.  Also thanks to Carol Millman and Anna Harding at the AAB Offi ce for 
organising the adminstration for theconference and preparing this volume of Aspects of Applied 
Biology.

Organising Committee

 
  C Atkinson    E A Stockdale
  B Ball     C A Watson
  D H K Davies    R Walker
  R Rees     D Younie
  G Russell 
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What can Research deliver for Organic Farming?

By D ATKINSON

St Andrews Cathedral, King Street, Aberdeen, AB24 5AX, UK
    and SAC, Craibstone Estate, Bucksburn, Aberdeen, AB21 9YA 

Summary

  The research needs of any applied subject are always infl uenced by three major groups 
of criteria. These are the economic/political, the societal/ethical and the technical/scien-
tifi c. This is especially the case for Organic Farming which explicitly sets out to present a 
positively value based approach to agriculture, an activity, which has commonly become 
dominated by the commercial economics of an industrial society. To maintain this ethical 
stance Organic Farming must challenge some of the tenets of conventional economics 
and politics and must work within the particular societal context. Its scientifi c needs are 
then driven either by the need to increase its role in terms of market share or the need to 
achieve its aims more effectively in respect of product quality and/or delivery of envi-
ronmental goods. In this paper I examine the current opportunities for Organic Farming 
in relation to the present state of farming economics and the current expectations of 
society, considering both food production and the delivery of environmental services 
which are paid from the public purse, e.g. via the Common Agricultural Policy (CAP). 
I use these criteria to analyse what are the current primary research needs in relation to 
the science and ethical base of Organic Agriculture.

Keywords:  CAP, bioethics, post-modernism, clustering, arbuscular mycorrhizal fungi, 
ecology.

Introduction

The Current economic and political climate
  Agricultural economics in the UK and the whole European Union are dominated by the CAP 
(Common Agricultural Policy). For the UK, the CAP replaced an existing subsidy system, the 
Defi ciency Payment Mechanism, which was in place from 1945 until 1973. Thus for the past 60 
years UK agriculture has received support from the public purse. However, the rules governing 
this support and the proportion of costs covered have varied. Pre-1973 support covered the differ-
ence between the cost of production and the prevailing market price. Between 1973 and 1993 an 
intervention mechanism achieved a similar effect. Post-1993 (following the McSharry Reforms) 
support payments were divided into restricted intervention support plus some direct payments 
(Pillar 1) plus some support given as Rural Development Aid (Pillar 2). A major revision of CAP 
which came into effect in 2005 introduced single farm payments which are largely independent of 
the particular commodity or level of production on the farm.
  It is important to ask whether the CAP regime has worked. From the standpoint of the consumer, 
who now spends the lowest proportion ever of their average income on food (<10%) it could be 
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argued “Yes”. From the standpoint of the supermarkets, whose profi ts remain at record levels, it 
could be argued again “Yes”. Large scale farming units might well have a similar view. However 
from the standpoint of the average Scottish or other small farmer in the UK, it is more diffi cult 
to argue that CAP has worked. For most of the period from 1997 until the introduction of the 
single farm payment, income from farming activities represented around one third of the total 
farm income. The power of the supermarkets meant that for the majority of major food types 
farm gate receipts were less than the cost of production. Milk which cost 19–20p L-1 to produce 
sold at 18p. Beef which cost £2 kg L-1 to produce sold at £1.90.  A tonne of oats which cost £100 
to produce sold at £70. Income from CAP was thus the greatest element of income in the farm 
budget. Farming’s predominant customer was the CAP and the predominant customer require-
ment the rules of the CAP. However, there were other problems. In this same period, increasing 
health problems especially in relation to obesity and heart related problems were observed. There 
were also environmental problems and signifi cant reductions in biodiversity linked directly to 
agriculture. Pretty et al. (2000) estimated that during the 1990s agriculture generated external 
costs of £2.3 billion, equivalent to around 90% of net farm income and represented a cost of £208 
ha-1 for all arable land and grassland in the UK. Chemical inputs to agriculture were responsible 
for many of the estimated externalities.
  The change in “Agricultural Support” in 2005 represents a real paradigm shift. Funding for 
agriculture no longer represents a defi ciency payment; instead it gives real freedom to farm. At 
he same time, the EU Commissioner for Agriculture speaking at the 2006 Highland Show set out 
priorities for farming, which include an increased emphasis on quality production, more produc-
tion aimed at local markets, improved animal welfare rules and a much increased emphasis on 
environmental care and rural development. These economic and political changes would seem to 
provide real market opportunities for Organic Farming provided that it can be shown to provide 
quality food, environmental goods and to contribute to sustainable rural development. Research 
is needed to support the development of the farming systems described above. Identifying and 
developing real indicators of quality is also an important research need. The history of food and 
the value placed upon it in relation to society and social structure indicates that any assessment 
of “quality” must go beyond analysis of major mineral elements and nutrient groups, e.g. protein 
content. Similarly environmental and sociological indicators must relate to longer term objectives 
such as the retention of nutrients within the farming system, and the retention of energy (including 
those used in the manufacture of pesticides and fertilisers) from inputs into fi nal product.

The societal and ethical climate
  We now live in a post-modernist society. As a result the views of the professional or of the expert 
are no longer simply accepted without challenge. While the fact that all views are considered to 
have some credibility may be diffi cult to manage; in technical areas, discussion has opened up 
to a wider range of views and approaches. The recent and continuing discussions on genetically 
modifi ed (GM) farm crops and on the meaning of food quality are relevant examples of this shift 
in thinking. The GM debate has been characterised by the scientifi c establishment defending the 
safety of these crops and their products and the need for them as a step in developing means of 
feeding an increasing world population. In contrast those in opposition questioned whether the 
form of agriculture on which a GM approach depended was what was needed and whether, taken 
overall, this approach was an appropriate way of valuing creation. Clearly these approaches are 
not opposites. They represent alternate sets of values. The co-existence of the alternates is only 
possible in a post-modernist world. 
  Similarly debates in relation to food quality have seen the Food Standards Agency (and oth-
ers) strongly identifying quality in terms of chemical and bacteriological analysis; others have 
emphasised traditional values both inherent in foods, such as taste and provenance, and those 
associated with them, such as the importance of the family meal. In addition those who are con-
cerned to identify links between diet and health are becoming increasingly aware of clustering of 
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values within individuals and groups which make it diffi cult to draw out simple cause and effect 
relationships or traditional linear connections. For example, it is clear that those in the population 
who consume substantial amounts of organic food are in general healthier than those who do not. 
However, whether this is because of the properties inherent in organic food or because of greater 
consumption of fruit and vegetables, the taking of more exercise, reduced levels of smoking 
and/or the interaction of a range of other life style factors is unclear. The need to reduce health 
care costs and to develop the delivery of positive health care in the community suggests that the 
use of appropriate statistical and other modelling techniques to understand these clusters is es-
sential. Such understanding might also help focus the aims of husbandry programmes for organic 
production. Similarly a better understanding of societal values will help to identify the real range 
of options for future food production systems. The outcome of the GM debate, without them being 
analysed in this way, has suggested that systems which are inherently supported by the majority of 
the public are those which promote biodiversity and environmental care and which minimise the 
use of non-renewable resources and the generation of greenhouse gases.

The scientifi c and technical challenges
  Organic Farming is often characterised in terms of what it does not do. It is therefore described as 
a system which produces food without the use of fertilisers, pesticides or pharmaceuticals. More 
correctly Organic Farming should be regarded as a system which is designed in order to minimise 
the need for external inputs of nutrients, crop protection aids and preventative medicines.  As a 
result it is not associated with many of the externalities identifi ed by Pretty et al. (2000). This 
more accurate defi nition explains the existence of a list of last resort measures which are avail-
able for use when the checks and balances of the normally balanced system have failed (reluc-
tantly and only with appropriate safeguards). These two elements of the philosophy are critical 
to understanding research needs at a technical and scientifi c level. The elements in the defi nitions 
remind us that all agricultural systems, both organic and those which are most easily described as 
conventional, require mechanisms to appropriately regulate a balance in resource capture between 
the crop and other vegetation, micro-organisms and invertebrates and the provision of a range of 
mineral nutrients for crop growth. In a conventional system these are provided largely through 
inputs of externally generated materials. The research needs of conventional farming systems 
have therefore dominantly related to the effi cient use of external materials and the design of ap-
propriate inputs. In an organic system the system requirements are provided primarily through 
recycling within the total system.  Consequently the research needs of Organic Farming have 
been rather different, such that only the most basic of results from many studies, e.g. information 
on soil chemistry, have been directly of relevance to organic systems. To be true to the underly-
ing values of the approach, advances must relate to a sustainable management of natural cycles 
and take a holistic rather than a reductionist viewpoint. In doing this Organic Farming can learn 
much from the ecological approach to understanding ecosystems and from recent approaches to 
the management of natural and semi-natural vegetation. Essentially Organic Farming is about 
recycling within the rotational system. As such it can learn from attempts to better understand soil 
biological processes, especially those which evolution has refi ned as appropriate means of meet-
ing plant needs for the provision of nutrients, recycling materials between plants and animals and 
other organisms. 
  It is appropriate to ask whether yields from organic agriculture can be increased and if so how. 
This involves identifying the major limitations to crop production and devising means of reducing 
these limitations but doing this within the context of a recycling system. Such an approach needs 
information on the quantifi cation of basic soil biological processes but it also needs applied stud-
ies on how to manage such processes. Atkinson et al. (2005) assessed the key limits to production 
systems, which had been devised to place greater reliance on the use of recycled soil resources, 
they concluded that there was scope to improve both the availability and effi ciency with which 
elements were recycled in the soil, particularly in relation to nitrogen and the ability of the plant 
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to capture soil resources. This will lead to an increased emphasis on the management of micro-
organisms such as mycorrhizal fungi which were critical to the ability of plants to successfully 
colonise land 0.5 billion years ago. The ways in which mycorrhizal fungi (AMF) may aid plants 
in nutrient capture have recently been reviewed by Atkinson (2006). AMF are able to help to 
optimise the capture of resources, by improving plant health they enhance resistance to disease 
but perhaps most importantly they seem able to provide the plant with information about the soil 
environment especially its water status. Just as information has replaced resource provision as an 
economic attribute, an increased emphasis on the provision of information to plants would seem 
valuable especially in organic systems. Basic scientifi c research is thus needed to support a better 
functional understanding of plant roots and their associated micro-organisms. Such approaches 
would not only benefi t crop production but would also aid the prevention of soil erosion. Im-
proved links between crop and animal production are also needed so allowing the waste materials 
of animal production systems which are currently identifi ed as a signifi cant disposal problem to 
become a valued resource. 
  The question whether Organic Farming can feed the world is commonly asked. This assumes that 
food supply is the greatest limitation to maintaining current and projected future world populations. 
This seems unlikely to be the case. The available of quality water supplies and the maintenance of 
social structures both currently and in the future seem more likely to act as limits. It could also be 
argued that the success of conventional approaches to agriculture in producing large volumes of 
food can be directly related to the magnitude of the research effort employed, especially that in the 
commercial agro-chemical industries. If Organic Farming is to become a major contributor to the 
world’s food supply then it will also need signifi cant research input. However it is important not 
to think of food as the only product of Organic Farming. Explicitly Organic Farming is designed 
to deliver a range of environmental and social services e.g. improved soil structure and water use, 
rural development goals. It is for this reason that trials which aim to compare production levels 
with organic and conventional treatments are fundamentally fl awed. Conventional Agriculture 
benefi ted from over a quarter of a century of focussed research on it science base and technology. 
Organic agriculture needs a parallel approach focussed on its key needs.

Conclusions

  The research needs of Organic Farming go far beyond mere science and require research to re-
evaluate current economics-based values and social systems. Coming to this conclusion represents 
a developmental point on my journey through food production and its study. This has taught me to 
appreciate the importance of elements such as ethics in assessing what scientifi c developments are 
real advances, rather than simply repairs to the previous generation’s legacy of technical problems. 
The science need will best be met by exploring the contributions which modern ecology can make 
to understand these agro-ecosystems and especially the management of soil processes and cycles. 
With this focus, I come full circle to the ecological approaches of my initial research career.
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Summary

  Policy support for organic farming in the UK is based in part on the ability of organic 
farming systems to deliver natural heritage benefi ts. Most UK research on the natural 
heritage benefi ts of organic farming has addressed lowland arable systems. A reanalysis 
of a subset of data from a MAFF-funded study of biodiversity in England and Wales 
suggests that organic systems in predominantly pastoral landscapes may show similar 
biodiversity benefi ts to ones in predominantly arable landscapes. Future research needs 
to address organically managed pastoral, hill and upland systems across the UK. 

Keywords: Organic farming, natural heritage, uplands, biodiversity, agroforestry

Background

  Research on the impact of conventional agriculture on natural heritage (wildlife, habitats, land-
scapes, soils, water and air) has taken place on all major farm and land types. However, most 
research in organic systems has concentrated on lowland arable and stock farms (Shepherd et 
al., 2003; Fowler et al., 2004). In Wales and Scotland over 94% of the organic land was under 
pasture in January 2006 (Soil Association, 2006), much of this being in the hills and uplands. 
Policy support for organic farming in the UK is partly based on the ability of organic farming 
systems to deliver natural heritage benefi ts. This paper reports provisional fi ndings from a review 
being carried out for Scottish Natural Heritage. It addresses the potential of organic farming to 
deliver natural heritage goals in the uplands and presents a new analysis of bird data from pastoral 
landscapes collected on organic and conventional farms in England and Wales. 

Do management practices on organic and conventional farms differ in the uplands?
  Agriculture in the UK uplands is dominated by livestock production. The major differences 
in upland systems between organic and conventional systems likely to affect natural heritage 
features can be summarised as: non-use of soluble N fertilisers; restricted input of other mineral 
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fertilizers; increased use of legumes and of herbs in swards; greater emphasis on forage in the 
diet; lower stocking rates; increased ratio of cattle:sheep; use of livestock breeds adapted to their 
environment; limited products to control external parasites; reduction and restriction on the use of 
prophylactic veterinary medicines and mechanical and manual weed control.

Natural heritage impacts of organic farming in the uplands

Soil, water and air
  There are few UK studies of the effects of organic versus non-organic farming on soil quality, 
none of these in the uplands (Shepherd et al., 2003). Bengtsson et al. (2005) concluded that 
diversity of soil organisms, including fungi, tended to be higher under organic management.  The 
published information on greenhouse gas emissions from organic farming is still very limited, 
particularly in upland systems. The often high organic matter content and low pH of upland soils 
means much published lowland work on gaseous losses is not applicable in the uplands.  Ball et 
al. (2002) working in NE Scotland concluded that CO

2
, N

2
O and CH

4
 emissions would be lower 

than from conventional systems due to lower stocking rates. Watson et al. (2004) concluded that 
the infl uence of organic production on water quality will depend upon the intensity of the systems 
in question together with specifi c cropping and management practices on individual farms.

Biodiversity
  Several studies have compared biodiversity in organic and non-organic farming systems, reviewed 
in Hole et al. (2005).  However, 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). Positive effects of organic farming have been detected for species diversity of 
butterfl ies, soil organisms, predatory invertebrates, bats and birds (Bengtsson et al., 2005; Fuller 
et al., 2005).  In addition to differences in management practices, the greater diversity of land use 
is likely to contribute signifi cantly to farmland biodiversity.  

Analysis of bird data collected on grassland farms in 1992–1994
Between 1992 and 1994 birds were surveyed on paired organic and non-organic farms through-
out England and Wales.  The number of farm pairs sampled ranged from 7 to 18 depending on 
year/season, less than 10-km separated each pair. Survey visits were carried out in winter (6) and 
the breeding season (4).  In winter, all birds were counted on each visit by walking each fi eld 
boundary length and crossing fi elds (to fl ush birds).  In the breeding season, a similar procedure 
was carried out for fi eld boundaries, but only Skylarks were surveyed in fi elds.  Full methods are 
given by Chamberlain et al. (1999).   For this work, a subset of the farm pairs were analysed.  
These farms were selected to be representative of lowland farming in Scotland, where pastoral 
and mixed enterprises are commonly found within a generally grass-dominated landscape. Conse-
quently sites in pastoral and mixed counties of England and Wales were selected, and then only if 
grass > arable area in the surrounding landscape (derived at the 10 km scale from ITE Landcover 
Map 1990 data). Only seven farms met the criteria.  Paired comparisons of bird density were 
carried out by allocating birds to groups based on diet.  The Defra Farmland Bird Indicator (FBI) 
species were analysed as a group, and a series of mutually exclusive groups were defi ned: small 
granivores, large granivores, insectivores and earthworm feeders.  For the breeding season, the 
latter two groups were combined.  The density of all species was recorded. 

  In winter, there was a signifi cantly higher density of insectivores, FBI species and all species on 
organic farms.  Furthermore, the mean density was higher on organic farms in each case and for 
large granivores, this difference approached signifi cance (Table 1).  
   



7

Table 1.  Mean density of birds defi ned into groups on organic and conventional farms in Wales 
and western England. Density is per ha in winter and per 100 m of fi eld boundary in the breed-

ing season. *P < 0.05, (*) 0.05 < P  <0.10 (paired t-test)

Season Habitat Species
group

No. farm
pairs

Organic Conventional T

Winter Whole
farm

Small
granivores

6 1.98 ± 2.66 0.35 ± 0.38 1.72

Insectivores 6 0.90 ± 0.55 0.60 ± 0.38 2.65*
Earthworm

feeders
6 2.75 ± 3.66 1.63 ± 1.08 0.97

Large
granivores

6 0.69 ± 0.76 0.04 ± 0.06 2.02(*)

FBI†† 6 3.04 ± 1.98 1.06 ± 0.80 3.27*
ALL 6 8.30 ± 3.52 4.05 ± 2.12 3.02*

Summer Field
boundaries

Small
granivores

7 0.23 ± 0.15 0.19 ± 0.12 1.73

Insectivores 7 0.54 ± 0.25 0.43 ± 0.23 2.67*
FBI† 7 0.08 ± 0.07 0.05 ± 0.04 1.94
ALL 7 1.05 ± 0.44 0.95 ± 0.55 0.71

Summer Fields Skylark 6 0.01 ± 0.01 0.02 ± 0.02 -0.76

 
†Defra Farmland Bird Indicator Species

In the breeding season, only insectivores showed a signifi cant difference, again density being 
higher on organic farms (Table 1)

Opportunities for agroforestry in the uplands
  Agroforestry is the integrated management of crops, animals and trees, which can be benefi cial to 
all components including the farmer and the natural heritage. Insuffi cient work has been done on 
the potential benefi ts of organic agroforestry, but the large body of  work on agroforestry already 
available, combined with extrapolations such as those described above and practical experience 
of organic agroforestry systems, all indicate that the benefi ts are likely to be highly signifi cant. In 
the Scottish context, there is now considerable active interest in a range of upland and hill systems 
involving sheep, cattle and pig grazing on pasture in different types of woodland (Proceedings of 
2nd Woodland Grazing Workshop, 2005). The consensus appears to be that further development 
of such systems could be benefi cial for the natural heritage while producing both timber and high 
quality meat from healthy animals. Our view is that organic conversion of such systems could 
help further in delivery of natural heritage benefi ts while improving sustainability and underlining 
the quality of the products through appropriate premiums to the producers.

Conclusions

  The literature review has highlighted the paucity of data on the natural heritage benefi ts and/or 
disbenefi ts associated with UK hill or upland systems, with virtually no data available for Scotland. 
It has also highlighted the lack of data on organically managed pastoral systems.  Re-analysis of 
data from the 1992–1994 study suggests organic systems in pastoral landscapes may show the 
same biodiversity benefi ts as those in arable landscapes. However, this analysis was carried out 
on a very small dataset and the hypothesis needs further robust testing. In order to understand the 
natural heritage value of organic farming in Scotland, Wales and Northern England it is important 
that future research specifi cally addresses pastoral and upland systems.
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Summary

  Real improvement in agricultural sustainability requires that its assessment should 
involve more than monitoring changes for research and policy evaluation purposes. Pro-
ducers need practical information and guidance on how to change their systems to affect 
non-fi nancial and fi nancial outcomes. Recent organic farming benchmarking projects 
have shown how practical tools can be developed with the participation of stakeholders: 
these include farm income and fi nancial benchmarking projects at University of Wales, 
Aberystwyth; animal welfare assessments at Duchy College; socio-economic foot-print-
ing at the University of Exeter; and fi rst attempts to combine the different elements 
including environmental aspects by Mark Measures Associates and Elm Farm Research 
Centre. The experiences from these projects provide a basis for developing coherent, 
integrated approaches to sustainability assessment at farm level, with the aim of devel-
oping practical management tools.

Key words: Organic farming benchmarking, indicators, sustainability assessment, 
stakeholder participation

Introduction

  Recent years have seen increased interest in fi nancial benchmarking on farms as well as the non-
fi nancial/non-commodity outputs (multi-functionality) of agriculture, both of which are relevant to 
agricultural sustainability assessment. The by now substantial literature on defi nition and measure-
ment of sustainability (e.g. Bell & Morse, 1990; Rigby et al., 2001) recognises that sustainability 
addresses multiple environmental, social, and economic objectives. From a research perspective, 
agricultural sustainability may be assessed using a multi-criteria analysis framework, involving 
the identifi cation of specifi c objectives with appropriate indicators and criteria that demonstrate 
whether or how well the objectives have been achieved. However, research has tended to focus 
on comparing overall trends over time, or comparisons between alternative options – work on the 
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interactions between different indicators and the implications for practical farm management has 
been more limited. This paper reviews a series of projects applying benchmarking techniques to 
fi nancial and non-fi nancial aspects of organic farming and examines the potential for developing 
an integrated approach to sustainability assessment.

Current organic farm benchmarking and sustainability assessment projects
  A fi nancial benchmarking tool generating costs of production for organic milk, beef and lamb 
developed at the University of Wales, Aberystwyth was tested on 50 Welsh farms in 2004/5 and 
2005/6, supplementing the organic farm incomes and enterprise gross margin data collected as 
part of a separate study (Jackson & Lampkin, 2006). To fully refl ect costs, fi xed costs are allo-
cated proportionally to different enterprises, and imputed values used for rent on owner-occupied 
land, interest on own (tenant) capital invested and unpaid family labour to account for different 
farm resource endowments. Prices received were often below the costs of production (although 
many organic prices have subsequently increased) and there was high variability between farms 
for different cost headings. Both issues provided a key focus for producer discussions on future 
development of their farming systems, but fi nancial results evaluated alongside non-fi nancial con-
siderations (personal goals, animal welfare, environment). 
  The socio-economic footprint concept was developed at the University of Exeter to assess the im-
pact of organic farms on the rural economy of England. It covered the spatial pattern of business 
sales and purchases, labour inputs, integration with local socio-economic networks and participa-
tion in rural development activities (Lobley et al., 2005). A postal survey of 655 organic and non-
organic farmers was supplemented by interviews with farmers and stakeholders. Organic farms 
were not signifi cantly more connected to the local economy than conventional farms, with similar 
proportions of business sales and purchases made locally. Within the organic sample, businesses 
with direct sales had a distinctly different socio-economic footprint, generating a greater volume 
of sales per ha, supporting more jobs, and being highly diversifi ed. Organic farming can have a 
distinctive, positive impact on rural development, but conversion of only the farming system is 
not suffi cient – farm business should also be reoriented towards shorter supply chains and more 
direct sales.
  In the Duchy College animal health and welfare benchmarking project, 28 organic dairy herds 
(14 over two years, a further 14 in year two) were assessed using animal-based welfare protocols, 
with results categorised by individual parameters in a confi dential benchmark format (Huxley 
et al., 2005). On all farms there was variation between benchmarked parameters, with no herds 
classed as “best” or “worst” overall. The second year showed changes had been implemented 
within the initial cohort of herds. Constraints to implementing change were identifi ed as fi nancial 
and a lack of information regarding potential outcomes. The process was perceived positively 
with respect to motivation for change and raised awareness, although in some cases there was dis-
appointment and frustration with the results. The fear of misinterpretation was widespread, as was 
disapproval of the potential use of the indicators for statutory welfare inspection (Burke, 2006). 
The relevance of some welfare parameters, e.g. low level lameness, was questioned. The skill and 
knowledge of the assessor was valued and deemed important. Whilst benchmarking against peers 
was considered useful, year on year benchmarking as a measure of progress on individual farms 
was felt to be more benefi cial.
  The Organic Systems Development Group sustainability audit project comprises 10 experienced 
organic farmers supported by an adviser, all with a common interest in improving their sustain-
ability.  The group defi ned a set of parameters to assess sustainability, covering social function 
(including profi tability), animal welfare, food production and quality, closed farming system, de-
centralisation, resource use, soil fertility, pollution and biodiversity. Indicators were identifi ed for 
each parameter and criteria set for monitoring them. In some cases, farm data was compared with 
standard data, in others cases a qualitative assessment was made. For some indicators, monitoring 
was postponed pending the development of evaluation tools. Six farms were audited using the 
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procedure; two have had repeat audits at the request of the farmer. The audits have provided a 
useful assessment of the farms’ successes and weak points in meeting the sustainability goals of 
organic farming, as well as guidance on priorities for future development of the farm and a means 
of monitoring progress over time. 
  The Elm Farm Research Centre quality and environmental benchmarking project aimed to 
assess delivery of public goods and services by organic farms, building on the experiences of 
some of the earlier projects. The research team, supported by an expert group, devised a series of 
parameters covering social issues, energy, biodiversity, environment, fi nancial stability and ani-
mal welfare. The parameters were assessed against criteria for their ability to deliver meaningful 
benchmarks, i.e.: accessible to the farmer and advisor, applicable and comparable at farm business 
level, sensitive to farm management intervention, quantifi able, output or process focussed, and 
relevant to fi nancial output.  Modifi ed parameters were discussed with individual organic farmers, 
initially with those already engaged in an organic systems’ development programme.  Finally, 
the programme was tested through farmers completing the questionnaire unassisted, and through 
advisors working with farmers; farmers from both groups then met to discuss the outcomes. The 
results of the testing process are currently being evaluated.

Key issues in developing integrated sustainability benchmarking systems
  Each project focused on aspects of organic farming and sustainability goals, in particular fi nan-
cial, environmental, animal welfare, social and resource conservation issues – some with a broad 
focus across the range of issues, others with a more in-depth focus on a particular area. There is 
clearly a trade off between the level of detail that can be achieved for specifi c issues and the ability 
to consider a range of sustainability objectives, which requires a comprehensive holistic approach. 
However, to be of practical value, a sustainability assessment tool should be quick to use on farm, 
not overload the producer with data, and be meaningful, in the sense that the reasons for selecting, 
and the derivation of, particular parameters are transparent, and the results can be used to make 
practical management decisions. A fully comprehensive, in-depth assessment could overwhelm 
the end-user with data and discourage practical action.
  Many of the projects have only been tested over a one or two year period. While the results from 
one year may be illuminating, particularly when compared with the results from other holdings, 
they may not be typical for the holding and may therefore lead to wrong conclusions about the 
actions needed. Producers need to remain engaged (and the projects need to continue operating) 
for a number of years before real conclusions about the actual performance of a holding and its 
development path can be drawn. Incremental change in the right direction may be more important 
than the position of a holding relative to an ‘ideal sustainability’ state, which may unobtainable in 
practice due to confl icts and trade-offs between sustainability objectives. 
  None of the projects has addressed interactions between the different indicators: for example, 
how would improvements with respect to animal welfare objectives support or confl ict with fi -
nancial, environmental, social and other goals? While monitoring performance may be important 
as an awareness raising tool, the ability to make real progress depends on being able to predict 
the impacts of particular actions on the range of sustainability objectives. This might be assisted 
by the further development of farm planning software tools such as Orgplan (Padel et al., 2002), 
which combine production and fi nancial parameters with nutrient balances and other quantifi -
able resource use/environmental factors. Where relationships between parameters are not directly 
quantifi able, a cross-impacts matrix showing the direction (positive or negative) and strength 
(high or low) of the different interactions could be used. This would permit the impact of specifi c 
changes on overall progress towards sustainability to be assessed.
Aggregation of the individual scores into an overall measure of sustainability is also an option, 
although there are real doubts that such an approach is desirable (e.g. Midmore et al., 1995). In 
principle, multi-criteria analysis could be applied, provided that two alternatives can be compared 
(e.g. the organic farm against itself in prior periods, or against an alternative benchmark). A simple 
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score average assumes all objectives have equal weight, but the defi nition of sustainability goals 
is a social construct and different individuals will prioritise individual objectives differently. The 
choice of more parameters to represent some areas than others will also infl uence the end result. 
Aggregations based on a weighted sum can be used, but will still trade-off performance between 
low and high scoring indicators. Using a geometric mean, a score of zero can be reserved for 
exceptionally poor performance so that the aggregated score will also be zero. Aggregation based 
on a non-compensatory or outranking approach, such as the ELECTRE group of aggregation 
techniques (Roy, 1991), may prove useful. These combine performance of the holding relative to 
a defi ned benchmark, improvements in condition and critical failures, with the results presented 
in a ‘report card’ format containing the overall result and specifi c components. Visual approaches, 
such as cobweb diagrams, are frequently used in sustainability assessments and have been used 
with the socio-economic footprinting project.
  The projects demonstrated the need to integrate stakeholders in the development process as 
well as the discussion of the results and conclusions, and showed that stakeholders are willing 
and able to get engaged. However, building projects that are really relevant to, and engage with, 
stakeholders remains a challenge. Traditional family farmers in particular have a long-term inter-
est in the future of their holdings and businesses, but most need to see results and understand 
their derivation before they appreciate the value in the process. Without positive experiences of 
the benefi ts, signifi cant efforts may be needed to persuade farmers to invest their time. Engaging 
farmers in even more complex systems interactions would require very positive experiences with 
a case-study group, with clear links to the farmer’s own fi nancial and non-fi nancial goals and 
aspirations. Larger farm businesses are more open to fi nancial benchmarking, but interest in (more 
esoteric) sustainability benchmarking systems may depend on the motivation of the owners unless 
market or statutory incentives are in place.
  Lastly, it is important to be clear whether the purpose of assessment is to enable stakeholder 
learning or for market/statutory control purposes, as this may affect the level and nature of en-
gagement. The development of sustainability benchmarking systems could enable a more output-
based approach to setting and monitoring organic production standards, e.g. for animal health and 
welfare. The results might also provide a market advantage through easier access to accreditation 
and potentially to higher ‘organic plus’ premium prices. However, as with the well-known differ-
ence between tax and management accounting, the usefulness of indicators designed for control 
purposes to support stakeholder learning and innovation may be limited.
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Summary

  The impacts of organic and integrated farming systems in Switzerland on the environ-
ment have been assessed in a comprehensive study by the life cycle assessment method. 
This paper reports a comparison of the treatments of the DOC experiment. Organic 
farming showed clear ecological advantages particularly for eco- and human toxicity, 
resource use and biodiversity. These ecological advantages only partly apply to nutrient 
losses and are not always found for single products. Per kg of organic product, higher 
impacts were often found for global warming potential, ozone formation, eutrophication 
and acidifi cation compared to integrated production. In the same crop rotation with the 
same amount of organic fertilisers there were no systematic differences in soil quality 
of organic compared with integrated production. Further improvement of the environ-
mental performance of organic farming should focus on achieving higher yields of good 
quality – especially in potatoes and cereals - by using inputs more effi ciently and mini-
mising nitrogen losses.  

Keywords: Life cycle assessment, farming system, organic farming, integrated pro-
duction

Introduction

  In the last few years the proportion of farms in Switzerland managed organically has increased 
considerably and is now over 10%. The expansion of organic agriculture is seen as one way to 
remedy some of the environmental problems caused by intensive agriculture. However, the en-
vironmental impacts of organic farming systems in Switzerland have not been systematically 
quantifi ed to date.  Therefore the impacts of integrated production (IP) and organic farming (OF) 
systems on the environment were examined in a comprehensive study of Swiss arable crop and 
forage production (Nemecek et al., 2005) using the life cycle assessment (LCA) method. This 
paper presents selected results from the evaluation of OF systems.

Materials and Methods

  Life Cycle Assessments were carried for i) the DOC long-term experiments, Northern Switzer-
land; ii) Burgrain long-term experiments, Central Switzerland; iii) model arable crops and iv) 
model forage production systems (Nemecek & Erzinger, 2005; Nemecek et al., 2005). In each 
part of the study, organic and integrated farming systems were compared; the system boundary 
was defi ned at the farm gate for arable crop products and at the manger for the forage systems. We 
carried out the analysis of the potential ecological impacts in respect of the productive function, 
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the land management functio and the fi nancial function of agricultural systems. The respective 
functional units were kg dry matter of harvested products or MJ net energy lactation for the 
fi rst function, hectare of land managed during one year for the second function and Swiss franc 
gross profi t for the third function. The LCAs were carried out using the SALCA methodology 
(Swiss Agricultural Life Cycle Assessment) developed by Agroscope FAL Reckenholz (Gaillard 
et al., 2006) and the ecoinvent database (Frischknecht et al., 2004). Direct emissions of ammonia, 
nitrous oxide, phosphorus and heavy metals as well as soil loss were calculated with models, 
considering management and situation-specifi c parameters (Gaillard et al., 2006). The impacts on 
soil quality and biodiversity were assessed by the newly developed SALCA methods (Oberholzer 
et al., 2006; Jeanneret et al., 2006).
  The full results for all parts of the study are presented in Nemecek et al. (2005), this paper 
presents analysis of all eight farming systems in the DOC experiment for the second and third crop 
rotation periods (1985–1998). The DOC experiment is comparison of the bio-dynamic (D), bio-
organic (O) and conventional/integrated (C and M) farming systems established in 1978 (Mäder 
et al., 2002). Within the conventional/integrated system an exclusively mineral fertilisation (M) is 
compared to mixed organic-mineral fertilisation (C). In addition three fertiliser levels are studied: 
normal levels (D2, O2, C2 and M2, which are substantially higher in conventional than in OF), 
50% of the normal level (D1, O1 and C1) and no fertilisation (D0). 

Results

  Demand for non-renewable energy resources in the farming systems (Fig. 1) is dominated by 
the use of machinery (mainly for soil cultivation and harvesting) and the manufacturing of min-
eral fertilisers (particularly synthetic nitrogen fertilisers). The OF systems D and O had a lower 
demand for energy resources per hectare, as they do not use mineral N fertiliser. The system M2, 
with mineral fertilisers only, consequently showed the highest energy demand. When analysed 
per kg harvested dry matter, OF systems proved to be signifi cantly more favourable compared to 
system C (see Nemecek et al., 2005). Reducing the fertiliser level in conventional farming led to 
a slightly decreased energy demand, while the contrary was true in the organic systems. The plot 
D0 without fertilisation showed a higher impact per kg, which is explained by the low yield of 
this system. Due to the use of synthetic pesticides, the conventional system had higher ecotoxicity 
potentials than systems D and O.
  The potential impacts of management on biodiversity (Table 1) were analysed only per hectare 
for methodological reasons (see Jeanneret et al., 2006; Nemecek et al., 2005). OF showed a 
higher biodiversity potential than conventional production for most indicator organism groups. 
This difference was mainly caused by the ban on synthetic pesticides in OF; copper was still 
used in system O for potatoes. Reduced fertilisation (D1, O1, C1) showed hardly any difference 
compared with the normal fertiliser levels (D2, O2, C2). Only the no-fertilisation plot D0 revealed 
a substantially higher biodiversity potential within the OF systems. Similar environmental advan-
tages of OF systems were also observed in the farming system comparison experiment at Burgrain 
and for the model arable crops and forage production systems.

Discussion

  OF is clearly favourable for impacts related to resource consumption (energy and mineral re-
sources), toxicity and biodiversity. The reason for the lower resource consumption lies primarily 
in the low input strategy of OF, with the use of no or only small quantities of mineral fertilis-
ers. Recycling farmyard manure on the farm and also using it on arable crops preserves limited 
resources. Furthermore, organic fertilisers have a very positive impact on soil quality. The major 
reason for the more favourable results under the headings of toxicity and biodiversity is the low 
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use of pesticides: only a few substances are allowed in organic systems and the total quantities of 
plant treatment products are substantially lower than in conventional or integrated farming.  Nutri-
ent losses in OF were clearly lower per hectare but not always per kg of particular products. In OF 
farmyard manure is applied mainly to arable crops, whereas non-organic farmers in Switzerland 
apply slurry and liquid manure mainly to meadows.

Fig. 1. Demand for non-renewable energy resources (fossil and nuclear) in the DOC experiment over two 
crop rotation periods (1985–1998). The columns show the energy demand in GJ-equivalents per ha and 
year (left hand axis); the bullets represent the results in MJ right hand axis). M: machinery inputs, P: means 
of production. See text for an explanation of the treatment codes.

  Nutrient losses in the form of ammonia, nitrate or phosphorus from farmyard manure tend to 
be higher than from mineral fertilisers (Gaillard & Nemecek, 2006). Additionally organic farm-
ers spread farmyard manure with more applications in smaller quantities at different application 
times, which tends to increase ammonia losses (Menzi et al., 1997).  No systematic differences for 
soil quality compared with IP were found where the same amount of organic fertiliser was applied. 
Spreading organic fertilisers had a clearly positive effect on a range of soil quality indicators 
such as organic matter content, aggregate stability, microbial biomass and activity, as well as 
earthworm biomass. The positive assessment of OF systems in this study cannot be extended to all 
organic products. Where products like wheat, potatoes or rapeseed from conventional, integrated 
and organic production are compared on a per kg of product basis, the organic product is not 
always more environmentally favourable. Higher environmental impacts in OF were often found 
for global warming potential, ozone formation, eutrophication and acidifi cation compared to IP. 
Lower yields of certain organic arable crops and frequent use of farmyard manure in organic crops 
led to a less favourable assessment of the respective products. 

  The environmental differences between OF and IP were greater for arable crops than for forage 
production systems. This is because in Swiss integrated forage production, pesticides are used 
only in very small quantities and fertilisation relies basically on farmyard manure. Therefore 
integrated and organic forage production systems are rather similar. 
  The principal needs for improvement in OF lie mainly in increasing yields – especially for 
potatoes and cereals – as well as minimising nitrogen losses.  Optimisation of eco-effi ciency in 
OF should be mainly output-oriented. This means that inputs of limited availability (in terms of 
quantity and choice) should be used in a way that enables high yields of good quality.   However, 
in integrated production, the use of inputs (fertiliser, herbicide, pesticide) should be optimised in 
order to minimise environmental impacts per unit of product.  
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Table 1. Biodiversity potential (expressed in biodiversity scores) of the eight farming systems in 
the DOC experiment. See text for an explanation of the treatment codes

Biodiversity points D0 D1 D2 O1 O2 C1 C2 M2
Total species richness
Total aggregated 8.7 8.1 8.0 8.0 8.0 7.7 7.6 7.6

Flora arable land 14.8 13.9 13.9 13.8 13.8 12.8 12.6 12.5
Flora grassland 4.9 4.3 4.1 4.2 4.2 4.1 3.9 3.9
Birds 10.3 8.7 8.6 8.5 8.5 8.0 8.0 7.9
Small mammals 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Amphibians 2.5 2.1 2.1 2.1 2.1 2.0 2.0 2.0
Molluscs 2.5 2.3 2.3 2.3 2.3 2.3 2.3 2.3
Spiders 13.9 13.2 13.2 13.0 13.0 12.2 12.0 12.1
Carabids 14.7 14.0 14.0 14.0 14.0 13.7 13.5 13.6
Butterflies 9.8 8.8 8.6 8.8 8.6 8.5 8.4 8.5
Wild bees 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.9
Grasshoppers 11.0 9.8 9.5 9.9 9.6 9.4 9.3 9.3

Species with high ecological requirements
Amphibians 1.7 1.4 1.3 1.3 1.3 1.3 1.2 1.3
Spiders 13.4 12.7 12.6 12.5 12.4 11.6 11.5 11.6
Carabids 14.7 14.0 14.0 14.0 14.0 13.7 13.6 13.7
Butterflies 9.8 8.8 8.5 8.8 8.5 8.4 8.4 8.5
Grasshoppers 10.9 9.6 9.3 9.6 9.4 9.2 9.1 9.2

On the whole, organic arable crop and forage production offers potential for reducing several det-
rimental impacts on the environment, particularly resource use and emissions of toxic substances, 
and also has the potential to increase biodiversity. This life cycle assessment study also provides 
recommendations for the reductions in the environmental impacts of OF systems in Switzerland.
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Summary

  Production of 10 major commodities in England and Wales was studied using Life 
Cycle Analysis (LCA).  Organic and non-organic (contemporary conventional) systems 
were compared.  Organic production was generally less energy consuming, except for 
poultry meat, eggs and tomatoes.  Environmental burdens, such as global warming po-
tential or eutrophication were often greater per unit of production from organic than 
non-organic systems.

Key words: Life Cycle Analysis (LCA), agricultural commodities, energy, environ-
mental burdens, nitrous oxide

Introduction

  There is increasing interest in the resource use and environmental burdens arising in agricultural 
and horticultural production.  Environmental Life Cycle Analysis (LCA) provides a comprehen-
sive and objective method of analysis that allows alternative production systems to be compared 
and it identifi es where major consumption of resources and emissions to the environment occur, so 
highlighting where improvements in techniques are most needed. LCA can be used to quantify the 
resource use and environmental burdens arising for a range of agricultural commodities produced 
within both organic and non-organic systems.  We therefore used this approach to analyse the 
environmental burdens of domestic production of ten commodities, providing the most compre-
hensive analysis of domestic production to date and also to compare organic and non-organic 
production systems. 

Materials and Methods

  LCA was applied to agricultural and horticultural production of ten key commodities in England 
and Wales (Williams et al., 2006, which includes all methods used).  These were: bread-making 
wheat, potatoes, (oilseed) rape, tomatoes, beef, pig meat, sheep meat, poultry meat, milk and 
eggs.  All commodities were quantifi ed as functional units; typically 1 t fresh weight, with defi ned 
technical qualities.  Tomatoes and potatoes are produced in various forms.  These commodities 
were thus defi ned as national baskets of products including types such as loose and on-the-vine 
tomatoes, each included as their proportion of national production.
  LCA analysis determines all the primary energy (e.g. crude oil) needed to produce each commod-
ity.  Abiotic resources used (ARU) were consolidated  onto one scale based on  relative  scarcity.
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Individual environmental emissions such as carbon dioxide (CO
2
) and nitrous oxide (N

2
O) were 

quantifi ed and aggregated into impacts.  The impacts are potentials for global warming (GWP), 
eutrophication (EP) and acidifi cation (AP).  Pesticide and land use were also quantifi ed, includ-
ing fertility building and cover crops in organic systems. Default values for all commodities are 
included in the working model, e.g. national proportions of main production systems and sub-
systems; fertiliser application rates.  In total, these represent the current balance of production 
methods in England and Wales.
  The system boundary ended at the farm gate and included soil to a nominal depth of 0.3 m.  
Animal system boundaries included grassland, housing and contributory sub-systems of forage 
conservation, arable feed production, imports and processing.  The LCA of each commodity 
included: all direct energy (e.g. tractor fuel); fertiliser extraction, manufacture and delivery; fi eld 
machinery manufacture and maintenance; building construction and maintenance; producing, 
importing, processing and delivering animal feed crops.  Functional relationships were used to 
connect parts of production systems, e.g. crop yields and supplied N; networks of animal produc-
tion; milk yields and feed supply.  These ensure that changes in one area are refl ected in another.  A 
long-term analysis (≥ 100 years) was used to ensure that nutrients were not allowed to build up in 
or be depleted from soils.  Suffi cient activities and inputs were also included to ensure weeds and 
diseases would not build up and that yields were technically sustainable. Organic production was 
always analysed, as well as variants of non-organic (= contemporary conventional) production.  
    

Results and Discussion

Crop production
 Non-organic production dominates current crop production (Table 1), so the results are effec-
tively those of non-organic production.  Care should be taken in trying to compare commodities 
as they are not equivalent.  Potatoes can be eaten, wheat needs to be milled, and the 40% oil has 
to be extracted from rape.  Potatoes superfi cially have the lowest burdens, but they contain 80% 
water.  They incur higher burdens than rape on a dry matter (DM) basis and even more on an en-
ergy basis.  Bread wheat incurs the least burdens on a DM basis, but this is equivalent to rape on 
an energy basis.  The need for cold storage of maincrop potatoes accounts for over one third of 
the primary energy used for the whole commodity, whereas drying and storage is less than 5% of 
primary energy use for cereals.
  Tomato production uses energy to extend the cropping season considerably and provide a fresh 
salad crop for much of the year, but the burdens are considerably higher than fi eld crops.  To-
matoes are, of course, not staple foods like bread or potatoes.  About 97% of the energy is used 
for heating and lighting.  Pesticide usage is lower than for fi eld crops (e.g. 25% less than bread 
wheat) because biological control is possible in greenhouses.  The high yields also mean that 
land requirements are one tenth of even high yielding potatoes.  Because tomato production is 
dominated by energy use, which is almost identical for all production systems, the highest yield-
ing tomatoes (non-organic, loose, classic or beefsteak) incur lower burdens than all other types 
of tomato.  Specialist varieties (cherry, plum etc.) yield less than half of classic, thus more than 
doubling burdens.  
  The balance of global warming gas emissions and fossil fuel consumption is quite different from 
most industries.  A carbon footprint inadequately describes agriculture; it has a carbon-nitrogen 
footprint.  N

2
O dominates GWP from fi eld crops, contributing about 80% in wheat production 

(both organic and non-organic).  The N
2
O contribution falls to about 50% for potatoes as much 

fossil energy goes into cold storage.  In contrast, CO2 from natural gas and electricity use in to-
mato production is the dominant contribution to GWP.



21

Animal production
  Animal production is also dominated by the non-organic sector (Table 2) and burdens are all 
higher than for fi eld crops, because much animal feed comes from fi eld crops.  Care is needed in 
comparing meats as they have different nutritional properties and fi ll different cultural roles.

Table 1.  The main burdens and resources used for fi eld and protected crops in the current national 
proportions of production systems (with the current organic share shown in parenthesis)

Impacts & resources used t-1
Bread wheat, Oilseed rape, Potatoes, Tomatoes,

(0.7%0 (0%) (1%) (3.6%)
Primary Energy used, GJ 2.5 5.4 1.4 130
GWP

100
, t CO

2 
(1) 0.80 1.7 0.24 9.4

EP, kg PO
4

3- (2) 3.1 8.4 1.3 1.5
AP, kg SO

2 
(3) 3.2 9.2 2.2 12

Pesticides used, dose-ha 2.0 4.5 0.6 0.5
ARU, kg antimony 1.5 2.9 0.9 100
Land use (Grade 3a), ha 0.15 0.33 0.030 0.0030
Irrigation water, m3 21 39

(1) GWP100 uses factors to project global warming potential over 100 years.  (2) EP is eutrophication 
potential; PO

4
3- is phosphate.  (3)  AP is acidifi cation potential; SO

2
 is sulphur dioxide.   (4)  ARU are 

abiotic resources used; antimony is the element used to scale disparate entities.

Table 2.  The main burdens and resources used in animal production in the current national pro-
portions of production systems (with the current organic share shown in parenthesis).

Impacts & resources used t-1 of 
carcass, per 20,000 eggs (about 1 
t) or per 10 m3 milk (about 1 t dm)

Beef, 
(0.8%)

Pig 
meat, 
(0.6%)

Poultry 
meat, 
(0.5%)

Sheep 
meat, 
(1%)

Eggs, 
(1%)

Milk, 
(1%)

Primary Energy used, GJ 28 17 12 23 14 25
GWP

100
, t CO

2
16 6.4 4.6 17 5.5 10.6

EP, kg PO
4

3- 158 100 49 200 77 64
AP, kg SO

2
471 394 173 380 306 163

Pesticides used, dose ha 7.1 8.8 7.7 3.0 7.7 3.5
ARU, kg Antimony 36 35 30 27 38 28
Land use (1)

     Grade 2, ha 0.04 0.05 0.22
     Grade 3a, ha 0.79 0.74 0.64 0.49 0.67 0.98
     Grade 3b, ha 0.83 0.48
     Grade 4, ha 0.67 0.38

(1): Grazing animals use a combination of land types from hill to lowland.  Land use for arable feed 
crops was normalised at grade 3a

  Poultry meat production appears, however, the most environmentally effi cient, followed by 
pig meat and sheep meat (primarily lamb) with beef the least effi cient.  This results from several 
factors, including: the very low overheads of poultry breeding stock (c. 250 progeny per hen each 
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year vs one calf per cow); very effi cient feed conversion; high daily weight gain of poultry (made 
possible by genetic selection and improved dietary understanding).
  Poultry and pigs consume high value feeds and effectively live on arable land, as their nutritional 
needs are overwhelmingly met by arable crops (produced both here and overseas).  Ruminants can 
digest cellulose and so make good use of grass, both upland and lowland.  Much of the land in the 
UK is not suitable for arable crops, but is highly suited to grass.  One environmental disadvantage, 
however, is that ruminants emit more enteric methane.  This contributes to the ratios of GWP 
produced to primary energy consumed, being about 50% higher for ruminant than pig or poultry 
meats.
 

Comparison of organic and non-organic systems
  About 27% less energy was used for organic wheat and rape production compared with non-
organic, but there was little difference with potatoes (Table 3).  The large reduction in energy used 
by avoiding synthetic N production is offset by lower organic yields, which increases the absolute 
contribution of energy for fi eld work.  Field work for combinable crops is always more for organic 
owing to the need for extra operations for weed control.  

Table 3.  Ratios of the burdens of organically produced commodities divided by those of non-or-
ganically produced commodities

Impacts & 
resources used

Bread 
wheat

Pota-
toes

Rape Beef
Sheep 
meat

Pig 
meat

Poultry 
meat

Milk Eggs

Primary Energy 0.7 1.0 0.8 0.7 0.8 0.9 1.3 0.6 1.1

GWP
100

1.0 0.9 1.0 1.2 0.6 0.9 1.5 1.2 1.3

EP 3.0 1.1 1.8 2.1 3.0 0.6 1.8 1.6 1.3

AP 1.1 0.4 0.6 1.5 4.1 0.3 1.5 1.6 1.1

Pesticides used 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.0

ARU 0.9 1.2 0.9 0.9 0.7 0.9 3.4 0.5 1.1

Land use 3.1 2.6 2.7 1.8 2.3 1.7 2.2 1.7 2.2

  GWP is only 2–7% less for organic than non-organic fi eld crops, refl ecting the need for N supply 
to equal N take-off and the consequent emissions to the environment as nitrous oxide to air and 
nitrate to water.  This reinforces the carbon-nitrogen footprint concept.  Differences in AP and EP 
were more variable, being both lower and higher than non-organic. Pesticide use is zero for all 
organic fi eld crops, except potatoes, where copper-based products for blight control are applied at 
20% of the rate as non-organic.  
  Most organic animal production reduces primary energy use by 15% to 40%, but organic poultry 
meat and egg production increase energy use by 30% and 15% respectively.  Despite the lower 
energy needs of organic feeds, this benefi t is over-ridden by lower bird performance.  More of the 
other environmental burdens were larger from organic production, but ARU was mostly lower 
(except for poultry meat and eggs) and most pig meat burdens were lower. GWP from organic 
production ranged from 42% less for sheep meat to 45% more for poultry meat.
 Land use was always higher in organic systems (with lower yields and overheads for fertility 
building and cover crops), ranging from 65% more for milk meat to 160% for potatoes and 200% 
more for bread wheat, but the latter is a special case as only part of a crop meets the specifi ed 
bread-making protein concentration. Organic tomato yields are 75% of non-organic.  Thus, the 
lowest yielding organic, on-the-vine, specialist tomatoes incur about six times the burden of non-
organic, loose classic.  
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Summary

  A balanced use of resources within organic farming systems is required to maintain 
sustainable systems.  Hence, it is essential to have tools that can assess the use of re-
sources within the farming system and their impact on the environment.  The range of 
tools that have been developed include those assessing local farm-scale issues together 
with those that assess impacts at the global scale.  At the global scale assessments are 
usually made on the basis of a unit of product whereas at the local scale assessments 
can also be made on an area basis.  In addition, the tools also assess a variety of issues,  
e.g. biodiversity, pollution potential, energy and water use.  The level of detail required 
for the different assessment tools differs substantially; nevertheless it is essential that 
the indicator systems developed are based on sound knowledge, are acceptable to the 
farmers and can guide their future actions.

Key words:  Resources, Budgets, Life Cycle Analysis, Nutrients, Energy

Introduction

 
  There is a need for farmers and policymakers to assess the impact of farming systems on the 
environment and evaluate the sustainability of these farming systems.  A number of assessment 
tools have been developed to do this for example assigning scores to farm practices, input-output 
accounting, ecological footprint analysis and life cycle assessment (e.g. Halberg et al., 2005; Noe 
et al. 2005).  Following the principles used by Noe et al. (2005) in their evaluation, assessment 
tools should meet the following three criteria; namely that they are (i) built on a sound and pub-
licly acknowledged biological basis, (ii) easily understood and acceptable to the farmers and (iii) 
capable of guiding the farmers’ future actions as well as refl ecting their current practices.  Many of 
the indicators can be expressed in relation to a hectare of land or unit of saleable product.  In area 
based assessments only emissions from the farm should be considered whereas in product-based 
assessments emissions that contribute to the farm inputs also need to be included.  According to 
Halberg et al. (2005), the decision to use product or area based assessment should refl ect whether 
the environmental objectives for the assessment are regionally or globally based.  In the former, 
area based targets are appropriate whereas in the latter product based targets should be used. 
  For a truly environmentally sustainable solution a holistic approach, or life cycle analysis (LCA), 
that evaluates the environmental impact of production, and the use and disposal of a product is 
required (Payrandeau & van der Werf, 2005).  LCA has been used to assess the environmental im-
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pacts of crop production (Charles et al., 2006) and animal production (de Boer, 2003).  However, 
the sustainability of organic farming systems in temperate climates has often been assessed using 
resource budgets particularly in terms of nutrient use sustainability, since the use of imported 
materials to build/maintain soil fertility is restricted (Watson et al., 2002).  Considerations relating 
to energy and water use are less well studied.  This paper reviews the suitability of the budget 
approach to assess the impact of farming systems on the environment.

Budget/mass balance approaches as a descriptive tool
  Resource budgets are the outcome of a simple accounting process which detail all the inputs and 
outputs to a given system over a fi xed period of time.  The underlying assumption of a resource 
budget is that of mass balance i.e. inputs (of nutrients, energy, water) to the system minus any 
exports from the system equals the change in storage within the system (Watson et al., 2002).  
The mass balance concept provides a framework that can be applied systematically across a wide 
range of scales and farming systems (Watson et al., 2002).  Resource use budgets therefore have 
the potential to illustrate, both qualitatively and quantitatively, the fl ows of resources in to, out 
of, and within, a given system.  Input:output analysis of the environmental impacts of farming 
systems, possibly combined with emissions modelling, can be linked to LCA (Halberg et al., 
2005).  Some pollutants can have an impact in a local and global context, for example phosphorus 
pollution can lead to eutrophication of watercourses; hence, depending on the distance between 
the source of the emission and the area affected by the farming practice, local, regional and global 
impacts can be considered (Payrandeau & van der Werf, 2005).
  The delineation of system boundaries in both space and time is a critical step in the compilation 
of resource use budgets.  In order to allow useful interpretation of the data, the defi nition of the 
system boundary also needs to be made explicit when the budget is presented.  Another fundamen-
tal issue is the defi nition of boundaries in the vertical dimension; rooting depth is commonly used 
as the lower boundary.  Temporally, the question arises as to whether the budget should consider 
a single growing season, a calendar year (in which case where does it begin and end in relation to 
cropping pattern) or a complete crop rotation over several years?  The decision will depend on the 
type of system and the purpose of the budget.  The use of data that describe complete rotations is 
critical for the compilation of resource use budgets in organic farming systems, particularly where 
data is used to examine their likely environmental impact.  For example, leaching losses have 
been shown to be large immediately following ploughing of leys but when averaged over whole 
farms and rotations losses are likely to be much lower (Stopes et al., 2002).  Budgets calculated 
across rotations can also reveal variation caused by farm management practices, such as batch 
rearing of animals, which are not easily matched to an annual time step. 

Assessing energy balances
  With an increasing international focus on climate change, energy balances for farming systems 
have become a concern.  The basis on which energy budgets are compared can result in radically 
different descriptions of energy fl ow.  A major diffi culty here results from the fact that the energy 
input from the sun dwarfs all other sources of energy.  A process based analysis of energy fl ows 
would be restricted to those linked to physical material fl ows, accounting for direct and indirect 
fossil fuel inputs.  Budgets can also be constructed for which only direct inputs of fossil fuels are 
considered; however this would be misleading as this method favours farms purchasing feed and 
using contractors.
  For arable crops, lower energy consumption in organic farming systems are commonly calculated 
(ADAS Consulting Ltd, 2000; Pimentel et al., 2005) as they have lower fertiliser and pesticide 
inputs, which is partially offset by greater investment of energy in cultivations.  However, the 
effi ciencies of organic and conventional systems are strongly infl uenced by the energy inputs 
required for cultivations, which are affected by soil type, weather and the weed seedbank.  The 
overall energy effi ciency of organic livestock farms tends to be higher than conventional farms 
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(ADAS Consulting Ltd, 2000).  This is because in livestock systems there are no dedicated fertility 
building crops, which utilise energy without a saleable product.  In addition, energy consumption 
is substantially lower, mainly due to reduced imports of feed.  An energy budget describing inputs 
of fossil fuels and outputs of energy in biomass has been constructed for conventionally produced 
and organically produced silage using data from a long-term organic rotation experiment (Topp 
et al., in press).  The energy output:input ratio were 1.83 and 5.53 for conventional and organic 
systems respectively.  Despite a comparable output of energy contained in the biomass, the energy 
inputs for the two systems differed signifi cantly contributing to a wide difference in energy output:
input ratios.  The main difference in these systems arises as a consequence of the large energy 
input required for the manufacture of N fertiliser, which is not required in the organic system.  
Although it is unrealistic to make comparisons based on a single year, it does highlight the relative 
energy effi ciency of low input farming systems.

Nutrients
  In organic farming, nutrient budgets are fundamental to understanding nutrient cycling within 
the farming systems.  However, the linkages between nutrient surpluses and losses to ground and 
surface water are weak because the losses from the systems are associated with the short-term 
temporal balance between the processes as opposed to the accumulated nutrient within the soil 
(Withers & Lord, 2002).  Although surplus nutrients may be stored in the short-term in the system, 
there are indications that losses of nitrates and P are related to the surpluses of these nutrients, hy-
drological conditions, land use and soil type (Oenema et al., 2005).  At the catchment level, losses 
may be strongly correlated to the proportion of land under regular cultivations, or the proportion 
of land with high stocking densities (Withers & Lord, 2002).  In addition, complications arise over 
the relationship between nutrient surplus and the type of nutrient loss to the environment.  This is 
because the farm-gate, soil surface and soil system budgets include different levels of detail; there 
are also diffi culties associated with estimating the inputs and outputs from the system for example 
N fi xation and mineralisation.  The level of detail included also varies with the type of farming 
system and the degree of exportation of farm products.  In addition the ability to attribute the 
losses to the atmosphere or water varies with the complexity of the budget approach adopted.

Discussion

 
  The budget approach does provide the farmer and the policymaker with useful information and 
farm management decisions guided by the use of input:output accounting can lead to improved 
environmental and fi nancial performance. However, there is a paucity of evidence that farmers 
have actually signifi cantly reduced their costs due to the use of indicators (Halberg et al., 2005).  
To be successful, the use of indicators to improve the environmental performance of farms must 
be linked to advisory activities and there is a requirement for the development of benchmarks 
(Halberg et al., 2005).  Nevertheless, the establishment of such benchmarks may be fraught with 
diffi culties as they should be dependent on the farm system, climate, soil type and the environ-
ment.  There is interest in including other factors, for example soil quality, biodiversity and nature 
quality in future systems; however there are challenges in developing simple indicators to cover 
these issues that will cover a wide geographical area (Halberg et al., 2005).
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10-year interdisciplinary monitoring of organic stockless, vegetable 

rotations at Warwick-HRI, Kirton, South Lincolnshire, UK

By U SCHMUTZ, F RAYNS & P SUMPTION

HDRA (Henry Doubleday Research Association), Ryton Organic Gardens, CV8 3LG, UK

Summary

  Interdisciplinary monitoring of an organic stockless farming system has been carried 
out over ten years on a fertile silty clay loam in the main vegetable production area of 
the UK. The results draw together economic outcomes with agronomy, soil science and 
agro-ecology. Organic management has been used at the Kirton research site since con-
version of a 3.2 ha unit in 1997. There is great variability in crop yields and marketing 
results but overall a successful ongoing vegetable production system has been estab-
lished. Soil fertility, weeds, pests and diseases have been managed successfully without 
imports of animal manures or green waste compost. Production costs are well controlled 
and marketable yields are good. However, because the site is a research farm, the actual 
marketing of produce was sometimes weak and caused a low farm net margin. The site 
contributes valuable information to the European network of long-term fi eld experi-
ments in organic farming for this particular farming system.

Keywords: Organic vegetables, long-term experiments, crop rotations, farm economics, 
N dynamics, fertility building, interdisciplinary modelling

Introduction

  Warwick-HRI Kirton, near Boston in South Lincolnshire, is a horticultural research station with 
46 ha of deep, stoneless, well-drained grade-one land (silty clay loam) situated in the UK’s pre-
mier vegetable producing area. The site is fl at, 7 m above sea level with an average rainfall of 630 
mm and temperature of 10.4°C during the monitoring period 1997-2005. In 1996, the decision 
was taken to convert a 3.2 ha fi eld (Lane Field) from conventional intensive vegetable and cereal 
production to organic fi eld vegetable production. The site was continuously monitored during 
conversion (Defra-funded projects OF0126T, OF0191, OF0332) collaboratively by HDRA, Uni-
versity of Warwick-HRI, Organic Advisory Service at Elm Farm Research Centre, and the IRS 
at the University of Wales, Aberystwyth. The overall aim was to monitor the economic and agro-
nomic performance of an intensive organic vegetable system.

Material and Methods

  The 3.2 ha fi eld is split into eight equal areas (numbered A-H) for cropping and monitoring pur-
poses. It was converted in two stages beginning in 1997  (E, F, G and H) and 1998  (A, B, C and
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 D). A beetle bank was established between the two blocks of land. The basic rotational principle 
planned was two years of fertility building grass/clover leys followed by four years of vegetables 
cropping: potatoes - brassicas - alliums – carrots (Fig. 1). The site is completely stockless; no ani-
mal manures or green waste compost have been used. The original cropping plan was adapted due 
to marketing issues; additionally site problems with white rot (Sclerotium cepivorum) means on-
ions were impossible to grow organically. New crops have also been introduced (lettuces, sweet-
corn and courgettes). The actual cropping history of the site is given in Fig. 1.

Soil fertility monitoring
  Soil nutrient status was monitored annually in late February/March. Samples (0–30 cm) were 
analysed for particle size distribution, organic matter content, pH, available P, K and Mg, Ca, 
and trace elements (iron, manganese, zinc, and copper). Methods are described in full by EFRC 
(1985). Soil mineral nitrogen was also measured at key points in the season/rotation. Samples (0-
90 cm) were taken, extracted with 1 M KCl, mineral N was determined in the extracts.

Pest and disease monitoring
  Pest and disease management for each crop and the farm system as a whole were documented. 
The incidence of pests and diseases and the success/failure of the strategies used were recorded. 
Basic assessments of pest and disease incidences were made during the growing season. Ten 
quadrats (0.25 m2) in a ‘W’ shape were used in each fi eld, or each crop as appropriate. Pest and 
disease symptoms and their severity were noted, including number of plants and percentage leaf 
area affected. The presence of predators and parasitised pests were also noted.

Weed monitoring
  The weed control programme for each crop and the farm as a whole was documented. Weed as-
sessments were made at the same time as pest and disease assessments. Percentage crop, weed and 
bare ground were recorded in quadrats; the weed species present were also recorded.

Economic monitoring
  Staff at Kirton kept a computerised fi eld diary of operations and recorded marketable produce 
sold. Variable costs and allocated fi xed costs were extracted, including costs of machinery, seed, 
crop protection, transport and packaging. Missing data and casual labour rates were taken from 
the Organic Farm Management Handbook (Lampkin et al., 2004). From the costs and the prices 
achieved, gross and net margins were calculated for each crop (cash and fertility building); rota-
tional and farm gross or net margins were also calculated.

Table 1. Marketable yields of organic vegetable cash crops grown in more then 3 years. Yields are 
shown in tonnes per ha-1, cv% is coeffi cient of variation and %-OFMH percentage provides a com-
parison with Organic Farm Management Handbook standard data (Lampkin et al., 1996–2004)

Crop t ha-1 cv% % of OFMH
Potatoes
Carrots
Cabbage (Dutch white)

29.3
28.8
30.6

39%
94%
50%

105%
78%
102%
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Year/Plot A B C D E F G H % veg

1996 Veg Veg Veg/Barley Barley Barley Barley Cauliflower/BCauliflower 50%

1997 Barley Barley Barley Barley G/C ley G/C ley G/C ley G/C ley 0%

1998 G/C ley G/C ley G/C ley G/C ley Cabbage (D G/C ley G/C ley Potatoes 25%

1999 G/C ley G/C ley G/C ley G/C ley Carrots Cabbage (D Potatoes Onions 50%

2000 Cauliflower Potatoes Cabbage (D Potatoes G/C fallow Carrots Calabrese Carrots 88%

2001 Potatoes Lettuce Potatoes Lettuce Carrots G/C ley Carrots G/C ley 75%

rye/vetch rye/vetch rye/vetch rye/vetch

2002 Lettuce Sweetcorn G/C fallow G/C fallow G/C fallow Cabbage SaG/C fallow Cauliflower 50%

G/C G/C G/C G/C G/C G/C vetch G/C

2003 Sweetcorn G/C ley G/C ley Beans & PeaCabbage SaLettuce Cabbage SaLettuce 75%

trefoil (failed) vetch vetch vetch vetch vetch

2004 G/C ley Cabbage SaG/C ley Cabbage SaLettuce Sweetcorn Lettuce Sweetcorn 75%

vetch vetch red clover vetch trefoil

2005 Cabbage SaCourgettes Cabbage SaCourgettes Sweetcorn Red Clover Sweetcorn Trefoil 75%

vetch vetch vetch vetch red clover trefoil

% veg 97-02 60% 60% 40% 40% 50% 50% 50% 67% 52%

% veg 97-05 63% 63% 38% 63% 67% 56% 67% 67% 60%

Fig. 1. Crop rotations at the 3.2 ha organic research site at Warwick-HRI, Kirton. In-conversion years are 
shown in grey and %-vegetable cropping is shown for each year and each rotation. From 2001 onwards, 
short-term fertility building crops were used where possible and are shown in an extra line.

Weeds, pests and diseases
  The weed pressure was at a medium level (1997–2005); weeds between the rows were managed 
effectively with inter-row hoe and brush-weeders. Due to labour shortage, hand weeding was ne-
glected, marketable yield of the particular crop was affected but not overall weed pressure. Weeds 
were topped to prevent seeding; perennial weeds occurred sporadically, there was no evidence 
of increase. Pests and diseases caused problems in particular crops but were largely successfully 
managed, e.g. high background levels of brassica pests on this site led only to low levels of dam-
age. Caterpillars caused problems in conversion cabbage but use of Bt, fl eece and good predator 
levels meant they were not subsequently a problem. However there were losses of Dutch white 
cabbage in store to rots. Late blight (Phytophthora infestans) in potatoes was managed through 
varietal choice after Nicola performed poorly; approved copper treatments were also applied. Car-
rot fl y (Psila rosae) damage was minimised by late sowings but some problems were experienced 
when the crop was left in the ground when the market was slow.

Soil fertility
  There were few consistent differences seen in annual soil samples. Area H has twice as much 
available P on average compared to the other plots. This area is closest to the road and may have 
been spread with material from the ditch or received other inputs in the past. Organic matter levels 
have remained around 2.7% despite the introduction of leys into the rotation. This is on the bor-
derline of acceptability for this soil type (according to EFRC recommendations). Calcium and pH 
levels are naturally high in this soil (pH 7.7). Crop observation showed that in most cases adequate 
nitrogen was available – although there were occasions when the preceding fertility-building crop 
was not adequate to supply crop demand. Available phosphorus showed a slow but steady decline 
since conversion (from 51 to 31 mg L-1); in 2005, levels were still satisfactory for horticultural 
production. For potassium, there has been a steady decline in available K since conversion began 
(from 131 to 88 mg kg-1) and levels are considered low. Mg levels have remained relatively high 
and stable. The slight decline in P and K levels mirrors that of other stockless systems in the UK 
(Cormack, 1999; Rayns & Sumption, 2004).

Economics
  Before conversion, in 1996, the average annual farm net margin was 1100 € ha-1 (£770). During 
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conversion in 1997 and 1998 the annual farm net margin decreased to 350 € ha-1 (£245) and in 
the four years following the conversion period it averaged 1000 € ha-1 (£700). A high of 4100 € 
ha-1 (£2870) in 2000 and a low of -1500 € ha-1 (-£1050) in 2001 indicates the great variability in 
this system. Rotational net margins showed that the two rotations with in-conversion vegetables 
produced lower net margins of -430 € ha-1 (£300) after six years. Where two years of grass/clover 
ley was used for conversion rotations had net margins of 1400 € ha-1 (£980) and hence “paid” for 
the fertility delivered and the reduced cropping risk in subsequent vegetable crops. Problems with 
marketing have led to low net margins. Further analysis will assume that all marketable yield was 
actually sold at a standard price and incurring standard harvesting costs.

Conclusions

  Organic vegetable production is economically and agronomically viable without animal manure 
or green waste compost. There is high variability in yields and marketing results and therefore 
various adjustments to the rotation have been made. It is possible to maintain yield levels with 
67–75% vegetable cropping in the rotation and a mixture of long and short-term fertility build-
ing crops. Although designed as a case study and demonstration with no replications or a fi xed 
rotation, the site provides a valuable resource to growers and scientists alike. Data is used in the 
European network of long-term fi eld experiments in organic farming (Raupp et al., 2006) and in 
modelling of crop rotations and N dynamics (Schmutz et al., 2006).
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Linking livestock production to human health – creating sustain-

ability through farming

By J C MACRAE

Rowett Research Institute,  Bucksburn, Aberdeen AB21 9SB

Summary

  The main dietary risk factors associated with the early onset of the non-communicable 
diseases (cardiovascular disease (CVD) and cancer) would seem to be the over-consump-
tion of dietary lipids and the under-consumption of dietary micronutrients.  Consumer 
preference for lower fat, higher protein diets and for less saturated and more polyunsatu-
rated fat has been around for a number of years. However, more recent clinical studies 
have indicated benefi cial (anti-infl ammatory) effects of increasing the omega-3: omega-
6 ratio of dietary PUFA and potential anti-cancer and -heart disease effects of increasing 
consumption of conjugated linoleic acid (CLA). These factors are considered in relation 
to the fatty acid composition of milk and meat derived from organic systems. Animal 
products are also important sources of several micronutrients and recent information of 
the health benefi ts of increasing dietary selenium and iron are considered in relation to 
promoting organic animal products to the health-conscious consumer.

Introduction

  Human foodstuffs derived from organic systems are usually marketed in terms of their ‘whole-
someness’, their lower levels of pesticide residues, nitrates and nitrites and arguably higher levels 
of vitamin C, total sugars and fl avonoids (fruit and vegetables) and their lack of antibiotic resi-
dues (meat, milk and eggs). These concepts presently sustain a price premium to offset the lower 
production potential of organic systems, but it is diffi cult to fi nd defi nitive evidence that such at-
tributes are indeed benefi cial in terms of human health and reduced disease risk. In contrast, there 
is a vast literature linking the inappropriate consumption of specifi c nutrients within food and 
the risk of developing Coronary Heart Disease (CHD) and cancer. It might be useful therefore to 
examine if/how this information might be translated into more substantial arguments that could 
help in the longer-term promotion of organically-derived animal products to the health-conscious 
consumer. 

Fats

Saturated and polyunsaturated fats(PUFA)
 There is a history of concern about the lipid content of foodstuffs, with ‘animal (especially ru-
minant saturated) fats’ being viewed with particular suspicion. In the 1960/70s, epidemiologists 
identifi ed strong relationships between the proportion of the dietary calories consumed as saturated 
fat and the incidence of CHD and colon, prostrate and breast cancer. Saturated fat was shown to 
increase levels of cholesterol in the circulating serum lipoproteins, whereas polyunsaturated fats 
(PUFA) seemingly modulate these rises in risk factor. This led to recommendations for a reduction 
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of saturated fat in the diet and, for example to UK consumers switching from full-fat to semi-
skimmed milk and fat-trimmed meat.

 Omega-3 PUFA
  In the early 1990s, research started to show that the different PUFA were not all equally benefi cial. 
Infl ammatory responses are important components in the development of CHD and cancer and 
immunologists identifi ed that the omega-6 (n-6) PUFA are less benefi cial than the omega-3 (n-3) 
PUFA (Gibney & Hunter 1992). This relates to the ability of the n-3 PUFA to modulate the pro-
infl ammatory eicosanoids which are generated during the post-absorptive metabolism of the n-6 
PUFA. Present recommendations are to increase the intake of n-3 PUFA towards a dietary optimum 
n-3:n-6 PUFA ratio of 0.4-0.5. Most human foodstuffs have a ratio nearer to 0.1-0.2, hence the 
health benefi ts of fi sh oil products which contain high levels of longer chain n-3 PUFA.  
  Fish oils are an abundant source of the longer-chain n-3 PUFA because of the high (n-3) linolenic 
acid content of chloroplast lipids in marine phytoplankton, the basic photosynthetic building block 
of the Marine Food Web. Chloroplasts are of course a crucial component of fresh forages also and 
recent research has started to identify substantial increases in the n-3:n-6 PUFA ratio in the lipids 
of animals fed fresh forages rather than concentrates (see Dewhurst et al., 2003). Given the high 
dependency on forages for organic dairy and beef production it is perhaps not surprising that one 
recent study indicated that milk leaving the farm gate of organic dairy farms has a consistently 
higher n-3:n-6 PUFA ratio than that leaving conventional farms, particularly during the winter 
months (Ellis et al., 2006).

Conjugated linoleic acids (CLA)
  The n-3 PUFA were the interest of clinicians/human nutritionists during the 1990s, but over the 
last 5 years equal, if not more, attention has been directed at CLA. A plethora of animal studies 
have reported that CLA can reduce the severity of cholesterol-induced CHD (Lee et al., 1994) 
and carcinogen-induced mammary tumours (Ip et al., 2001). Recent studies at the Rowett would 
suggest that CLA alter infl ammatory mechanisms by modulating the transcription of adhesion 
molecules (which lead on to plaque formation) in endothelial cells (Goua et al., 2004). 
  The CLA are very much an attribute of ruminant products, being formed as an intermediary 
metabolite in the biohydrogenation of C18:2 (unsaturated) linoleic acid to 18:0 (saturated) stearic 
acid during rumen fermentation. Hence, levels of CLA in milk, cheese, butter, lamb and beef 
(4-7 mg/g total FA) are considerably higher than in non-ruminant products (chicken, pork, fi sh, 
olives; < 1 mg g-1). Furthermore, whilst there are a number of different isomers of CLA, ruminant 
products contain mainly the cis-9, trans-11 form which seems to be the most potent in terms of 
anti-infl ammatory properties. 
  These ‘typical’ levels would not provide suffi cient CLA intake per day to off-set infl ammation 
in humans (unless you consumed over 3.5 kg of cheese per day). However, importantly from the 
organic farming perspective, cis-9, trans-11 CLA levels in milk (Dhiman et al., 1999) and meat 
(Poulson et al., 2004) from animals grazing on pasture (18-22 mg g-1 total fat) can be several fold 
higher than from more intensively farmed animals. Furthermore, supplementation with linseed or 
sunfl ower oil has been demonstrated to give addition responses (de Wit et al., 2006).

Micronutrients
  Whilst clinicians and human nutritionists are now advocating increased intake of n-3 PUFA, 
one of the underlying mechanisms associated with the onset of CHD and cancer is disruption of 
normal cellular processes. In this respect, lipid oxidation, particularly of the PUFA, is a major 
stressor and to modulate these processes cells depend on antioxidants such as vitamin E and a 
number of glutathione peroxidases (GPX). 
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Selenium
  The genes that transcribe GPX are amongst some 25 selenoproteins genes in the human genome. 
It is not surprising therefore that epidemiological studies have inversely related the availability of 
selenium (Se) in the human diet (Se levels in blood) with the incidence of CHD and cancer. Inad-
equate selenium intake has been linked also with impaired thyroid metabolism, reduced response 
to viral infection, infertility and, in more serious situations, cardio- and skeletal-myopothies. Re-
cent evidence that daily selenium supplementation can boost the immune system (Broome et al., 
2004) as well as helping to control tissue oxidative damage would further support the importance 
of selenium in promoting good health. 
  Achieving adequate dietary selenium intakes in the UK can be a problem because of the low 
selenium status of our soils. Indeed, one concern for clinicians over the last 10–15 years has been 
the substantial reduction in daily Se intake that has occurred following the decision to switch from 
selenium-rich high-protein North American wheat to lower-Se UK and European wheat for fl our 
making in the mid -1980’s. The volcanic and sandy soils across major sectors of the UK have had 
a lot of their Se leached out, leading to low levels of Se in cereals, fruit and vegetables, and as a 
result, the daily intake of Se in the UK population  (approx. 35μ day-1, see FSA, 2002) is less than 
half of that in the USA (80-100 μ day-1). 
  However, this area of preventive nutrition may need careful consideration in terms of promoting 
‘organic sector’ animal products. The Se content of typical animal products in the UK diet (eg red 
meat and poultry 100 & 160 μg kg-1 respectively and particularly liver and kidney > 400 μg kg-1), 
are considerably higher than in plant components (fruit and vegetables < 10 μg kg-1; cereals 20–25 
and bread made from UK & European wheats 50-55 μg kg-1; see FSA, 2002), but the reason for 
this goes back to the fact that Se defi ciency in farm animals has been well recognised for many 
years and, as a result, inorganic Se has been included at levels of 15–20 mg kg-1 routinely in 
mineral supplements given to conventionally-reared farm livestock since the late 1970s. These 
supplements are not part of ‘organic’ systems where seaweed meal, with a Se content of < 1 mg 
kg-1, would be a typical supplement for dairy cows. 
  The situation could be addressed, either by addition of selenate to soil where any signs of Se-
defi ciency in the animals can be demonstrated, or by the use of so-called ‘organic’ selenium 
supplements (high-Se yeast) that can, reportedly, double the selenium content of meat and offal 
in fi nishing cattle (Richards & Loveday, 2004) and increase the Se content of milk by up to 12-
fold (Heard et al., 2004). However, the economics of such supplementation would need careful 
consideration relative to the premium the consumer might pay for the perceived health benefi t. 

Iron
  Clinical attention has been focussed recently on the problems associated with low iron intake 
during pregnancy. Across Europe as many as one in fi ve pregnant women are clinically anaemic 
and many more suffer from marginal iron defi ciency. If this anaemia is not corrected there is an 
increased risk of poor pregnancy outcome, premature delivery and/or low birth weight. In addition 
the new-born baby has a higher risk of developing cardiovascular disease or non-insulin depend-
ent diabetes later in life. Consequently, pregnant women with anaemia are always prescribed 
(inorganic) iron supplements, but compliance rates are reportedly low due to unpleasant side 
effects (e.g. gastric upset, nausea and constipation).  
  The basic problem with inorganic iron supplements is one of bioavailability. Less than 10% 
of the ingested iron, (or, indeed, the non-haem iron of most plant foodstuffs) is absorbed from 
the gastrointestinal tract. In comparison, haem iron, (i.e. the iron bound up in the porphyrin ring 
structures of haemoglobin and myoglobin) present in meat and fi sh, has a much higher bioavail-
ability (20–30%) (Roughead & Hunt, 2000). Given the clinical problems referred to above and 
the experimental information from rodent models linking iron defi ciency in pregnancy and the 
subsequent development of hypertension problems in the growing off-spring (Gambling et al., 
2003), there would appear to be considerable potential for promoting meat as a means of alleviat-



36

ing anaemia.  
  Here, the fact that organic beef production is generally based on quality beef breeds may provide 
a marketing advantage. Maltin et al. (2001) reported that taste panel assessment of higher meat 
tenderness scores in Aberdeen Angus correlated with the greater area and frequency of slow twitch 
oxidative fi bre in the muscle of these cattle. The myoglobin content of slow twitch fi bres is higher 
than that of fast twitch fi bres. It might be possible therefore to argue that quality (organically-
reared) beef is an ideal way of delivering bioavailable iron for the alleviation of anaemia, not just 
during pregnancy, but through other periods of high iron requirement such as adolescence and 
menstruation in women. 

Vitamins and other micronutrients
  There are a number of vitamins which are essential for human health that are either only available 
or are much more bioavailable from animal products. Bielalski (2005), in reviewing the impor-
tance of meat in the human diet, identifi ed that, particularly for the elderly, animal products are an 
important source of the vitamins A, B

1
, B

2
, B

6
 B

12
 (which of course is only found in animal and 

fi sh products) D, E and folate.  Milk is also a ready source of vitamins A, D, E and K. However, 
these are all fat-soluble and so the delivery of them in liquid milk has reduced over recent years 
as consumers have switched to semi-skimmed and skimmed milk consumption. At times when 
micronutrient requirements are increased (e.g. pregnancy)  vitamin D, folic acid and zinc as well 
as iron (see above) status may be compromised without meat in the diet. 

Conclusion

  Whilst the marketing of organic produce on the basis of reduced pesticide and/or antibiotic 
residues seems a perfectly valid strategy, the economics of the NHS would point to CHD and 
cancer as the real ‘diet and health’ issues. These are predominantly problems of the middle-aged 
and elderly, where normal homeostatic mechanisms start to breakdown and the immune system 
starts to lose some of its former effi ciency. It is perhaps time therefore for the organic sector to 
consider promoting its products not just in terms of reduced contaminants, but in terms of specifi c 
positive health benefi ts of the type identifi ed in this paper. 
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Behaviour of dairy cows on organic and non-organic farms
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Summary

  There is an increasing number of organic dairy farms in the UK. The aim of this study is 
to compare behaviour of dairy cows on organic and non-organic farms. Twenty organic 
and 20 non-organic farms throughout the UK were visited over two winters (2004/05 
and 2005/06). Organic and non-organic farms were paired for housing type, herd size, 
milk production traits and location. The number of cows feeding was counted every 
fi fteen minutes for 4.5 h after new feed was available post morning milking. Behaviour 
at the feed-face was recorded for 60 minutes and aggressive interactions between cows 
were quantifi ed. Farm type had no effect on numbers of cows feeding. There were more 
interactions between cows feeding at open feed-faces compared to head-bale barriers. 
At open feed-faces, there were more interactions on organic farms than non-organic. It 
is possible that organic cows were hungrier than non-organic cows after the arrival of 
new feed.

Key words: Organic farming, animal welfare, behaviour, dairy cows

Introduction

  Recent years have seen an expansion in the numbers of dairy farms that have converted to, or 
are in the process of converting to, organic farming. Organic produce appeals to consumers who 
are concerned about their health, animal welfare and the effect of conventional agricultural sys-
tems on the environment. Not only are organically farmed cows fed on foodstuffs grown without 
pesticides, but also there are different regulations for drug use and housing standards. Although 
many organic producer groups claim that the level of animal welfare is higher on organic farms 
compared to non-organic farms, independent research is required to address this issue. 
  The EC Regulation (2092/91) on organic production specifi es that disease prevention should be 
based on management systems that promote resistance to disease and recovery from infection, 
and which should be appropriate for the requirements of each species (CEC, 2004). As part of this 
general requirement, the Regulation also specifi es  minimum space allocations per head, with the 
aim of minimising health problems. There is evidence that reducing stocking density may have 
a positive impact on dairy cow welfare (Kondo et al., 1989). High stocking densities affect the 
cow’s ability to access feeders and lying areas, although housing design also affects aggression 
and access to these resources.
  Assessments of welfare on farm ought to include measures of the system and measures of how 
the system affects the animals (Rushen & de Passillé, 1992). To that aim, both building audits 
and behavioural observations at our sample farms were undertaken, in order to determine if 
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organic farms had lower stocking densities than non-organic farms and, if so, whether this affects 
behaviour.
The present study was part of a larger project investigating many aspects of health and welfare in 
organic and non-organic dairy cattle. 

Materials and Methods

  Twenty organic and 20 non-organic farms were identifi ed for the study, located throughout the 
mainland UK. These farms were visited over two winter periods (2004/05 and 2005/06). Organic 
and non-organic farms were paired as far as possible for housing type (i.e. cubicle or straw yard 
housing), herd size, milk production traits and for location. Farm pairs were visited within two 
weeks of one another. Behaviour was sampled on each farm on two consecutive days. On farms 
where all lactating cows were housed in one group, all cows were sampled. On farms were the 
groups were split by lactation stage, only the high lactation group was sampled. The numbers of 
individual cows in the groups were noted. The feed face barrier type (i.e. open sections with a 
lower board and a neck rail, or ‘head bales’ with individual sections), length and length per cow 
were recorded.

Proportion of cows at the feed face
 Feed-face observations on all 40 farms were commenced when new feed was made available 
to the cows after morning milking. On some farms, new feed was available to cows exiting the 
milking parlour, and in these cases the scans started when approximately 75% of the herd had 
fi nished milking. The number of cows feeding at the feed-face was counted every 15 mins for 4.5 
h from when new feed was available to the cows. For simplicity, cows were counted as ‘feeding’ 
when they had their head through the feed face barrier.

Aggressive social interactions
  Aggressive behaviour was sampled on 31 out of the 40 farms (14 organic, 17 non-organic). The 
feed-face length was divided approximately into 3 m sections. The sections were numbered along 
the length or lengths of feed-face. Six sections were chosen at random. Ten minutes of video of 
the feed-face were recorded from each of the chosen sections. The video clips were recorded 
during the fi rst 90 minutes after new feed became available. Social interactions between cows 
were quantifi ed by continuous observation of the video tapes. A basic ethogram was used to 
quantify types of aggressive social interactions. However, for these preliminary results all types 
were grouped together.

Data analysis and statistics
  Comparisons of feed face dimensions were made using the 2-sample t-test for normally distrib-
uted data and the Mann-Whitney test for data that was not normally distributed. Proportion of 
cows at the feed face was analysed using a repeated measures mixed model by REML where ‘feed 
face per cow’, ‘time point’ and ‘farm type’ and interactions were fi xed effects and the interaction 
between farm and time was the random effect with an auto regressive structure. A mean of each 
two consecutive sampling points was taken, so there were nine time points in the analysis. Ag-
gressive interactions were analysed using a linear mixed model where ‘feed face per cow’ and all 
interactions between ‘farm type’ and ‘feed face type’ were the fi xed effects.

Results

Description of feed faces
  There were 23 farms (10 organic, 13 non-organic) with ‘open’ feed-faces and 15 farms (8 or-
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ganic, 7 non-organic) with ‘head bale’ type barriers. There were also two organic farms with 
self-feed silage clamps, which were not included in the social interaction analysis. There was no 
signifi cant difference in feed-face length (mean ± SE –organic 49.7 ± 6.6m; non-organic 56.5 ± 4.0 
m). Non-organic farms had higher group sizes than organic farms (Median, Q

1
-Q3 –organic 74.5, 

53-96; non-organic 101.5, 74-136 W= 270, P < 0.05). However feed-face length per cow was not 
signifi cantly different between organic and non-organic farms (mean ± SE –organic 0.62 ± 0.05m; 
non-organic 0.56 ± 0.04 m).

Proportion of cows at the feed face
Farm type (organic v non-organic), feed face type and the feed face space per cow had no effect 
on the proportion of animals feeding following new food arrival (P > 0.05). Sampling time point 
had a signifi cant effect on the proportion of cows feeding, from over 60 % at the fi rst time point 
after the arrival of new food, to 30 % at the last time point (Fig. 1)

Fig. 1 The mean (SE) proportion of cows feeding at each of the nine time points after the arrival of new 
food post-morning milking. Organic farms     Non-organic farms ▲

Fig. 2. The mean (SE) number of aggressive interactions in 60 mins of observations for feed face type 

and farm type. Organic farms    Non-organic farms 
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Aggressive social interactions
  There was a greater number of aggressive interactions between cows at the feed face on farms with ‘open’  
barrier design  compared with ‘head bale’ barriers (32.2 ± 2.6 cf 17.8 ± 1.2 for ‘open’ and ‘head bale’ feed 
face types respectively)(Wald = 21.1, P < 0.001). Farm type had no significant effect on the numbers of 
aggressive interactions (P > 0.05). However, there was a significant interaction between farm type and feed 
face type (Wald = 4.65, P < 0.05) (Fig. 2).
 On farms that had ‘head bale’ barrier feed faces, farm type had no effect on the numbers of 
interactions between cows. Of farms that had ‘open’ barrier feed faces, organic cows had a greater 
number of aggressive interactions than non-organic cows (36.3 ± 4.4 cf 29.1 ± 3.0 for organic and 
non-organic farms respectively). 

Discussion

  These preliminary results suggest that there was no difference in feed-face dimensions between 
organic and non-organic farms. However, we did fi nd that there were more cows in the sampled 
groups from non-organic farms compared to the organic farms. Further analysis will show whether 
this was due to larger overall herd sizes on non-organic farms, or smaller lactation-stage groups on 
organic farms. Additionally, the feed-face length per cow did not differ between organic and non-
organic cows and did not affect the number of cows feeding after the other factors had been taken 
into account. Fig. 1 appears to show some difference in the numbers of cows feeding between 
organic and non-organic cows, especially during the fi rst three time points. However, there was 
no farm type effect seen in the overall model. Further analysis on the fi rst three time points alone, 
may show some difference between organic and non-organic cows in the fi rst 90 mins after the 
arrival of new feed. 
  The analysis of aggressive interactions suggests that there is some basis for saying that organic 
cows were hungrier during the fi rst 90 mins after the arrival of new food. Although all cows 
showed more aggression in the ‘open’ type feed-faces than the ‘head-bale’ type barriers (also 
shown by Endres et al., 2005), organic cows showed more aggression at ‘open’ feed-faces than 
non-organic cows. Analysis of other factors (e.g. non feed-related behaviours and body condition 
scores) may help to determine what was affecting organic cow behaviour.
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Summary

  Maintaining ecosystem function is a key issue for sustainable farming systems which 
contribute broadly to global ecosystem health.  A focus simply on the diversity of below-
ground organisms is not suffi cient and there is a need to consider the contribution of 
below-ground biological processes to the maintenance and enhancement of soil function 
and ecosystem services. A critical literature review on the impacts of land management 
practices on below-ground ecology and function shows that farm management practices 
can have a major impact. A particular challenge for organic farming systems is to explore 
to what extent reduced tillage can be adopted to the benefi t of below-ground ecology 
without critically upsetting the whole farm management balance.   

Key words: Below-ground ecology; biodiversity; soil function; soil management; 
tillage; arbuscular mycorrhizal fungi

Introduction

  Many essential goods and services are provided as a result of processes within natural and 
managed ecosystems; the value of these environmental services to humans has been estimated 
to be worth more than the world total gross national product (Costanza et al., 1997).  Biological 
processes and cycles mediated by soil organisms are critical to the delivery of ecosystem services 
(Murphy et al., 2003). Consequently it can be argued that good soil health is fundamental if we 
are interested in plant, animal or human health; a principle held by Lady Eve Balfour, pioneer 
of organic farming in the UK: “My subject is food, which concerns everyone; it is health, which 
concerns everyone; it is the soil, which concerns everyone — though they may not realize it”.
  It has been established that organic farming systems increase above–ground species abundance 
and/or richness (Bengtsson et al., 2005; Hole et al., 2005).  Hole et al. (2005) identifi ed that some 
management practices typical of organic farming systems were particularly benefi cial for wildlife: 
reduced use of fertilisers and pesticides; sympathetic management of non-cropped habitats, use 
of mixed farming systems.  However, less is known about the impact of farming practice on 
below-ground ecology and ecosystem function. This paper therefore reports some of the key fi nd-
ings from a recent critical review (Stockdale et al., 2006) and draws out implications for organic 
farming systems.
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Links between below-ground ecology and soil function
  The protection of soil is now an important policy aim with a focus on the maintenance and en-
hancement of soil function (e.g. Defra, 2004). The defi nition of soil functions is anthropocentric, 
recognising the importance of soil in delivering ecosystem services. For England and Wales, six 
key functions have been defi ned: food and fi bre production; environmental interaction (between 
soil, air and water); support of ecological habitats and biodiversity; protection of cultural herit-
age; providing a platform for construction, providing raw materials (Defra, 2004). Soil functions 
are the result of the interaction and/or integration of a number of soil processes; in many cases 
the same processes may be linked to a number of functions. Alongside these concepts must be 
included consideration of the resistance of soil function and its potential resilience when disturbed 
(Griffi ths et al., 2001).
  While the precise role of many organisms in relation to soil processes is not fully known, alloca-
tion of below-ground species to functional groups, which contain a variable number of species 
(Brussaard, 1998), provides a useful frame to describe and make links between below-ground 
populations and soil function. Decomposition is a central process (Fig. 1) which drives the de-
livery of most ecosystem services, together with the formation and stabilisation of soil structure.  
The soil food web is therefore critical in controlling the soil processes which drive soil function. 
However, for many processes there are also additional “keystone” below-ground organisms that 
perform a fundamental functional role in the processes e.g. N-fi xing organisms, arbuscular mycor-
rhizal fungi (AMF), methanogens. 

Fig. 1. Decomposition of organic matter is the result of the intermeshing vital processes of many soil or-
ganisms and is shown here in relation to the functional groups within the soil food web. Returns to the pool 
of organic matter in excreta and/or on the death of organisms are not shown. Figure taken from Stockdale 
et al. (2006).

Impacts of farming practice
  Soil (and consequently ecosystem) function is dependent on the interaction of below-ground 
populations and their associated habitats within the soil. Abiotic factors, such as climate and soil 
texture, are also major determinants of ecosystem function – however, the relative importance of 
these factors in driving soil processes at a range of scales is not well understood (Bardgett, 2002). 
Seasonal changes in soil populations and processes may also be larger than average impacts of 
management per se. Nonetheless, increased mechanistic understanding of ecological interactions 
is needed if the effects of human management (intentional and unintentional) are to be evalu-
ated and remedied. Farming practice may infl uence below-ground ecology both directly (though 
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physiological effects on organisms) and indirectly through impacts on the soil habitat and/or other 
organisms. There have been a large number of studies which consider the impact of individual 
management practices on functional groups and/or species in soil.  However, it is rare for manage-
ment practices to be fully resolved to distinguish their direct and indirect impacts on the interac-
tions between soil populations and their habitats. For any management practice e.g. tillage, a table 
showing the impact of the practice on a range of organisms can be drawn out from the literature 
(Table 1). 

Table 1. Summary of tillage impacts on below-ground organisms

  It is also possible to draw out the effects of a range of management practices on a functional 
group and/or species. Taking AMF as an example, reduced plant species diversity (and modern 
cultivars), the use of non-mycorrhizal crops, fallow and excessive tillage are all likely to give 
a negative impact on mycorrhizal species diversity and infectivity (Harrier and Watson, 2003; 
Gosling et al., 2006).  Rotational cropping using a range of appropriate hosts with reduced tillage 
intensity and regular inputs of organic matter is likely to be generally positive for AMF. 
  Despite this wealth of studies, scientists have been wary of drawing general principles that can be 
used practically to guide management; they usually conclude that more work is needed.  However, 
the detailed increased understanding of physiology and function that is felt necessary is unlikely 
ever to be achieved. Interactions between practices are also rarely studied. It is therefore unclear 
to what extent, e.g. tillage intensity needs to be reduced to mitigate its effects, nor to what extent 
other factors e.g. organic matter inputs may moderate the impacts of tillage and hence how these 
practices could be optimised simultaneously. Nonetheless interactions between practices are often 
the focus of farm management decisions. The critical review of the literature confi rms that farm 
management practices do alter below-ground ecology and ecosystem function. However, it is 
much less clear what steps could or should be taken to mitigate these effects.  Mulder et al. (2003) 
conclude that increased intensity of management practices act on most taxa to reduce diversity 
within functional groups, and hence also possibly to reduce the resilience of these managed eco-
systems. There is also suffi cient data to indicate that reducing the intensity of use of mechanical 
and manufactured inputs and (re)-discovering cost-effective ways to integrate biological inputs, 
will benefi t below–ground biodiversity, particularly in lowland grassland and cropping systems.  
A particular challenge for organic farming systems is to explore to what extent reduced tillage 
can be adopted to the benefi t of below-ground ecology without unbalancing other management 
aspects, such as weed control.   

Species/group Average impact of tillage or increased
tillage intensity

Key references

Bacteria and archaea Mild inhibition Wardle, 1995
Rhizobia No evidence found
Nitrifiers Little evidence, stimulation of group 3

Nitrosospira by cultivation
Mendum & Hirsch,
2002

Fungi Mild inhibition Wardle, 1995
AMF Inhibition of AM colonisation of roots and

spore numbers
Gosling et al., 2006

Protozoa Little evidence, minor impact Foissner, 1997
Nematodes Little effect; mild stimulation of bacterial

feeders, mild inhibition of fungal feeders
Wardle, 1995

Collembola,  Mites Moderate to mild inhibition, some studies
show stimulation

Wardle, 1995

Enchytraeids Little effect, as often stimulated as
inhibited.

Wardle, 1995

Earthworms, insects Moderate to extreme inhibition Wardle, 1995
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Evolutionary breeding of healthy wheat: from plot to farm 
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Summary

   Genetically diverse Composite Cross Populations (CCPs) may be useful in environ-
mentally variable low-input systems as an alternative to pure line varieties. They are 
formed by hybridising lines with diverse evolutionary origins, bulking the F

1
 progeny, 

and allowing natural selection of the progeny in successive crop environments. CCPs 
derived from 10 high yielding parents (YCCPs), 12 high quality parents (QCCPs), or all 
22 parents (YQCCPs), were grown at four sites (2 organic, 2 conventional) in the UK; 
they are currently (2006) in F5. The YCCPs out yielded the QCCPs, which had better 
quality characteristics. Although the CCPs performed within the range of the parents, 
the values obtained were often better than the mean of the parents. Some population 
samples are now being grown on farms and other sites in England, France, Germany 
and Hungary.

Keywords: Composite cross population, wheat, Triticum aestivum, male sterility, yield, 
quality

Introduction

  Crop health may be defi ned as the ability to be productive under a wide range of environments 
without need for external inputs. This requires appropriate varieties that are largely lacking for 
wheat in both organic and conventional agriculture (Jones & Wolfe, 2005). Without agrochemi-
cal inputs, productivity of modern varieties bred for conventional production falls heavily, for a 
range of reasons, as the crop plants are exposed to wide diversity and variability in production 
environments. Breeding pedigree lines able to cope with such environmental variation would 
be diffi cult, time-consuming and expensive. One potential solution is to use genetically variable 
populations that are able to buffer against variation including diseases, pests and weeds (Suneson, 
1956; Phillips & Wolfe, 2005). Evidence suggests that composite cross populations may be an 
effi cient way of providing heterogeneous crops (Clay & Allard, 1969), which can be allowed to 
evolve on-farm. In addition, generation of novel genotypes should allow selection of pure lines 
adapted to low inputs (Soliman & Allard, 1991).
  Composite cross populations (CCPs) are formed from parent lines with diverse evolutionary 
origins that are recombined by hybridisation. The F

1
 progeny is bulked to allow subsequent natu-

ral selection of the mass progeny in successive crop environments (Suneson, 1956). Continued 
production of hybrids can be encouraged by introducing male sterility genes into the populations 
(Suneson, 1951). The success of such populations depends upon recombination and segregation 
over many generations, and the correlation between natural selection and agricultural desirability 
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(Allard & Hansche, 1964), although this correlation may be manipulated by directed mass selec-
tion (Phillips & Wolfe 2005). One successful example (Thomas et al., 1991) was a composite 
population of wheat that yielded 15% more than the mean of the parents in pure stands.
  This paper reports on the early performance of six CCPs relative to their parents and to physical 
mixtures of the parent components. The results refer to two organic and two conventional farm 
sites, although population samples are now under selection on other organic farms in England 
(farm-scale adaptation) and on sites in France, Germany and Hungary (regional adaptation).
   

Materials and Methods

Replicated plot trials
   Elm Farm Research Centre, with the John Innes Centre, developed six CCPs based on successful 
wheat varieties. They were derived from all possible combinations of 10 high yielding parents 
(45 crosses), or 12 high quality parents (66 crosses), or of all 22 parents (231 crosses). Each of 
the three bulk populations was split into those that did, or did not, contain a range of male sterile 
crosses (33) developed from naturally occurring male sterile parents crossed with the other varie-
ties.
  The fi rst fi eld exposure of the populations was in 2003/04 in the F

3
 generation. The populations, 

their parents and mixtures of the high yield, high quality and all parents were sown at 2 organic 
(Sheepdrove Organic Farm, Berkshire and Wakelyns Agroforestry, Suffolk) and 2 conventional 
sites (Metfi eld Hall Farm, Suffolk and Morley Research Centre, Norfolk). In 2004/05 randomised 
block trials were established at the same four sites, with all populations, parents and mixtures. 

 Participatory farm trials
  For harvest year 2006 (F5), population samples are being grown by farmers on larger plots on 
six farms to allow potential adaptation to the farm sites. Differentiation among these populations 
will be investigated later; as this is the fi rst year of selection, there are no data yet available. In 
a similar way, population samples are being selected in France, Germany and Hungary to try to 
estimate the potential for regional adaptation.  

Results

Yield
  For 2005, there were signifi cant (P < 0.001) differences in grain yield among parent varieties, 
mixtures and CCPs with and without male sterility (CCP(ms)) at both conventional sites and 
at one organic site (Sheepdrove). The Yield CCP(ms)s also had signifi cantly (P < 0.01) higher 
yields than the Quality CCP(ms)s at these sites (Table 1). The Yield/Quality CCP(ms)s generally 
yielded between the Yield and Quality CCP(ms)s at the conventional sites (Table 1), whereas at 
the organic sites the Yield/Quality CCP(ms)s yielded at the same level as Yield CCP(ms).
  Grain yields of CCP(ms)s were always within the range of yields attained by the parents but, at 
both conventional sites, CCP(ms)s had higher yields than the means of their parents. This also 
occurred in the Yield and Yield/Quality categories at the organic sites (Table 1). 
  An increase in grain yield of CCP(ms)s relative to the mean of the parents was also found in the 
fi rst year of fi eld exposure (2003/04; F3) at the conventional sites. However, the differences were 
smaller, and there was no evidence of such an effect at the organic sites.
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Table 1. Mean grain yields (t ha-1 @ 15% moisture content) of Yield (Y), Quality (Q) and Yield 
and Quality (YQ) composite cross populations with or without male sterility (CCP(ms)) and 

their parental means. Data for 2005(F5)

 

 The Yield CCP(ms)s had signifi cantly (P < 0.001) shorter straw than the Quality CCP(ms)s at 
the conventional sites; similar differences at the organic sites were not signifi cant. There were, 
however, signifi cant (P < 0.05) differences in harvest index (HI) among categories of CCP(ms) at 
both organic sites with the HIs of the Yield CCP(ms)s higher than those of the Quality CCP(ms)s. 
This was also the case at one of the conventional sites (Morley) but not signifi cantly so at Metfi eld, 
the other conventional site. These latter effects may have been infl uenced by differing applications 
(timing and active ingredient) of growth regulator at the two conventional sites. 

Grain quality
  There were signifi cant differences in the grain quality parameters of protein concentration and 
Hagberg falling number (HFN) among varieties, mixtures and CCP(ms)s at all sites. Protein con-
centrations differed signifi cantly (P < 0.01) among Yield, Quality and Yield/Quality CCP(ms)s at 
conventional sites: Quality and Yield/Quality CCP(ms)s had higher protein concentrations than 
Yield CCP(ms)s (Table 2). A similar effect at the organic sites was not signifi cant.

Table 2. Mean protein concentrations (%) of Yield (Y), Quality (Q) and Yield and Quality (YQ) 
composite cross populations

  The same trends occurred in the HFN results, which were signifi cant at both the organic (P < 
0.05) and conventional (P < 0.01) sites. Similar differences among CCP categories (Y, Q or YQ) 
were also seen in the fi rst year of fi eld exposure of the CCPs.

Discussion

   The composite cross populations have performed as expected according to their categories; the 
Yield composites had higher yields and Harvest Indices, and the Quality composites had higher 
protein concentrations and Hagberg Falling Numbers. More importantly, although the populations 
performed within the range of the parents, they often yielded more than the mean of the parents. 
This shift in the performance of the CCPs relative to the mean of their parents would suggest 
that the winter wheat populations over two seasons in the fi eld have started to evolve in response 
to fi eld conditions of the two alternative agricultural systems. The literature suggests (Phillips 

System Y Q YQ P LSD SED (df)

Conventional (mean, 2 sites)
CCP(ms) 10.9 9.8 10.1 0.023 0.83 0.412 (42)
Parental mean 10.4 9.5 9.3

Organic (mean, 2 sites)
CCP(ms) 6.3 5.5 6.4 <0.001 0.54 0.269 (55)
Parental mean 6.0 6.0 5.9

System Y Q YQ P LSD SED (df)

Conventional (mean, 2 sites) 12.1 13.1 12.7 0.002 0.57 0.28 (43)
Organic (mean, 2 sites) 11.1 12.1 11.9 0.318 1.50 0.747 (52)
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& Wolfe, 2005) that further benefi cial shifts in yield and quality will occur in later generations. 
However, under organic conditions, it seems likely that adaptation of the populations to improved 
nutrient extraction and use, whether general or local, is likely to be slow. It is also clear that, to 
encourage adaptation to a wide range of environments, the populations will need to be exposed to 
many environments, which may take many cycles. For these reasons we aim to extend the current 
project.
  For practical exploitation in the fi eld, the direction and scale of population changes may be 
improved by mass selection. We therefore intend to select for large grain which may simultane-
ously shift the populations towards better resistance to seed-borne diseases and improved weed 
competition (see Weiner et al., 2001). Performance of the populations may also be improved by 
introducing appropriate new varieties either as parents in crosses with existing parents or lines, 
or simply as physical mixtures. The populations may also be exploited indirectly by selection of 
desirable lines to develop as pure line or synthetic varieties. These varied approaches should be 
helpful in ensuring healthy wheat crops under organic conditions and in providing material to 
improve the sustainability of conventional production.
  To better understand the directions of selection for performance under low input conditions, a 
set of molecular markers that can identify each of the parents will be used to assess the relative 
contributions of the parents in each of the six populations.
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Summary

  Organic farming in the UK provides a range of economic and social benefi ts. In 
particular, it provides 32% more jobs per farm than equivalent non-organic farms. These 
new fi ndings are based on the fi rst national survey of employment on UK organic farms, 
carried out by the University of Essex for the Soil Association. Organic farming is helping 
to reverse the decline in the UK’s agricultural workforce, which has fallen by 80% in the 
last 50 years. In contrast to the ageing overall farming population, organic farmers are, 
on average, seven years younger than their non-organic counterparts. Organic farmers 
are also three times more likely to be engaged in business innovations activities, such 
as direct marketing and on-farm processing. If all UK farmers adopted organic farming, 
it would produce an additional 93,000 on-farm jobs. These fi ndings have signifi cant 
implications for developing countries where a skilled agricultural workforce is vital to 
safeguard livelihoods and ensure global food security.

Key words: Organic farming, employment, food, sustainability, rural development, 
developing world.

Introduction

  There is an urgent need for a reappraisal of the role of farm labour in agriculture. The loss 
of farmers and farm workers from the British countryside at an ever-increasing rate seriously 
compromises our ability to produce good quality food and care for the countryside. The evidence 
presented in the Soil Association’s Organic works report demonstrates that organic farming is 
helping to reverse the decline in UK agriculture by creating more jobs, revitalising rural economies 
and encouraging younger, more optimistic people into agriculture (Maynard & Green, 2006). Or-
ganic farming represents an alternative that increases employment, as well as being economically 
productive and socially and environmentally sustainable.
  Various attempts have been made to quantify the employment dividend of organic farming in 
Europe and studies have generally found that organic farms employ more people than non-organic 
farms. One review of over 40 European studies found that, on average, organic farms provided 10 
to 20% more jobs per hectare (Offerman & Nieberg, 2000). However, until now there has been 
a lack of empirical research into employment on organic farms in the UK. The Soil Association 
commissioned the University of Essex to conduct the fi rst national survey of employment on 
organic farms in the UK. 
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Materials and Methods

University of Essex survey
  In order to quantify the additional employment created by organic farming – the jobs dividend 
– the Soil Association commissioned the fi rst UK-wide study of labour on organic farms. This 
independent research was conducted by the Centre for Environment and Society and Department 
of Biological Sciences at the University of Essex in 2003. The detailed study has been peer-
reviewed and published in the International Journal of Agricultural Sustainability (Morison et al., 
2005). The questionnaire survey covered 25% of all organic farms in the UK (1,018), accounting 
for 24% of total organically managed land (171,361 ha), see 1. An additional 126 organic farms 
covering 29,850 ha were also surveyed in the Republic of Ireland. This high response rate makes 
the fi ndings signifi cant and robust and the authors concluded that the survey data was ‘representa-
tive of organic farms’. The number of people employed on organic farms was converted into full 
time equivalent jobs (FTE). 
  The University of Essex then compared the organic farm survey data to national statistics for 
farm employment from the Department for Environment, Food and Rural Affairs’ (Defra) June 
2002 agricultural census, representing employment on non-organic farms in the UK. Whilst the 
agricultural census does include organic farms, the latter accounts for just 4.3% of the total farmed 
area and 1.3% of total holdings, and therefore has little impact on the total farming fi gures. The 
University of Essex acknowledged that “a direct comparison of the [organic] survey with national 
statistics is diffi cult”. In particular, there is a current imbalance in the types and sizes of farms that 
have so far converted to organic production since many have been extensive grassland farms. The 
researchers took two measures to overcome this imbalance. Firstly, 40 very large organic farms 
over 1,000 ha in size were excluded from the jobs per 100 hectares calculation. These farms are 
not representative of most UK organic farms and are mostly very large extensive upland estates, 
which tend to employ a small number of people. In any case a signifi cant number of these large 
hill farms have subsequently ceased organic production. Secondly, the organic survey data was 
weighted to make the fi gures representative of the balance of farm sizes nationally. This overcomes 
the current imbalance in the types of farms that have so far converted to organic. 

Comparing like with like
  The Defra statistics include a large number of non-commercial or non-agricultural holdings, 
such as such as people with goats in their backyard or hobby farmers. The organic survey only 
included farms which were certifi ed organic and, therefore, commercially active. Therefore, the 
Soil Association removed non-commercial holdings from the agricultural census to provide a rep-
resentative and ‘like-with-like’ comparison between organic and non-organic farms. All holdings 
below 4 European Size Units (ESUs) were removed from the 2003 agricultural census data and 
compared to the organic farm survey data. In addition, the Soil Association also removed the 40 
large farms and the same weighting methodology as the University of Essex in order to represent 
the balance of farm sizes nationally. These results are detailed in Table 1.

Literature review
  The Soil Association sought to put this new quantitative research in context by reviewing previous 
studies of employment on organic farms. Particular attention was given to a recent Defra-funded 
study of the impact of organic farming on the rural economy conducted by the University of Exeter 
(Lobley at al., 2005). This study surveyed 302 organic and 353 non-organic farms in three English 
regions. In addition to confi rming the fact that organic farms provide more jobs than their non-
organic counterparts (64% more jobs per farm, 39% more jobs per hectare), this study examined 
the wider contribution of organic farming to rural development, including entrepreneurialism, 
business diversifi cation, education and skills. 
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Results

  Calculations by the Soil Association based on the University of Essex survey, demonstrates that 
organic farming in the UK provides 32% more jobs per farm than equivalent non-organic farms. 
Weighted to represent the balance of commercial farm sizes nationally, organic farms provide 
2.77 jobs per farm compared to 2.09 jobs on commercial non-organic farms. The University of 
Essex survey demonstrates that it is the system of organic farming itself that creates and demands 
more labour. Whilst on-farm processing and direct sales activities are distinctive factors for the 
success and survival of many organic enterprises, the vast majority (81%) of the total employment 
on organic farms is generated by the farming system itself. Of the total 3.08 jobs per organic 
farm (unweighted), 2.50 are accounted for by agricultural employment with 0.57 (19%) provided 
through on-farm processing and direct marketing. These employment differences result from fun-
damental differences between organic and non-organic farming systems. The management-based 
approach of organic farming requires a greater range of skills and labour for crop, soil and animal 
husbandry. Selected data from the University of Essex survey of organic farms and from Defra 
statistics on non-organic farms are presented in Table 1 below.

Table 1. Summary of key fi ndings

Organic farms
surveyed

Commercial non-organic
farms (> 4 ESU)

Increased
employment on
organic farms

Number of farms 1,018 137,950
Area farmed (hectares) 171,361 15,199,802
Total people employed N/A 394,526
Total jobs (FTE) 3,135 288,612
Jobs per farm (weighted) 2.77 2.09 32%
Jobs per farm (unweighted) 3.08 2.09 47%
Jobs per 100 hectares (unweighted) 2.49 1.9 31%

  Thirty nine per cent of the organic farms across the UK and Ireland were engaged in processing 
or direct marketing. Despite lack of government data on the split of agriculture and agriculture-
related jobs, two recent studies have shown that organic farms more processing and direct sales 
activities than non-organic farms. The University of Exeter study found that organic farms sur-
veyed in England were three times more likely to be involved in marketing (39%), compared to 
non-organic farms (13%). An ADAS (2004) survey, found that only 19% of non-organic farmers 
were likely to market directly in the near future, compared to 47% of organic farmers.
The University of Essex survey demonstrates that, in contrast to the trend on non-organic farms, 
small organic farms can be productive and provide jobs. The study found the smallest organic 
farms employ more people than any other type of farm with 5.23 jobs per farm – 70% more than 
organic farms overall (3.08 jobs). These farms were, on average, 36 ha and grew vegetables, soft 
fruit or had orchards. Organic farming currently represents 4% of farmland in the UK. If all UK 
farming converted to organic production, this would create an estimated 93,000 more on-farm 
jobs. This is almost 16 times more people than were employed by the Rover car company when 
it closed in April 2005.

Discussion

A declining farm population
  The evidence presented in Organic works contradicts the narrow and negative thinking aimed at 
‘shedding’ farm labour which has dominated agricultural policy for the past 60 years. Although 
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the provision of jobs and achieving full employment are generally agreed to be desirable social 
goals, for more than half a century governments and industry leaders have seen ‘shedding labour’ 
as a key measure of the effi ciency of the agricultural industry. Technological changes, underpinned 
by a support structure of Government grants, drove the shift to the dominant, industrial model of 
highly mechanised, chemical-dependent farming. These trends have fostered an increasingly iso-
lated and ageing farming population, with few young farmers or new entrants to the agricultural 
industry: between 1951 and 2003 there was a 79% drop in UK farm workers (Defra, 2004); during 
a single decade (1993 to 2003), the proportion of UK farmers aged 55 and over increased from 
48% to 56% (Defra, 2005); and in 2003, one farm worker committed suicide every seven days 
(Offi ce for National Statistics, 2006).

Reversing the decline
  In contrast to these trends, organic farming is helping to reverse the decline in UK farming by 
creating more jobs, revitalising rural economies and encouraging younger, more optimistic people 
into agriculture. The arrival of this dynamic new population into UK farming runs counter to the 
exodus of farmers and farm workers from the land in the last half a century. 
This new research demonstrates that farming jobs are a positive indicator of a healthy and vibrant 
farming model. Not only does organic farming increase agricultural employment, but it is also 
economically productive and socially and environmentally sustainable. Jobs on farms and farm-
ing-related businesses provide a wide range of benefi ts for the national and regional economy, 
including community cohesion, social stability and cultural identity. Reversing the decline in 
the numbers of people working on farms will mark a reversal in the social and economic decline 
of many rural communities. A skilled agricultural workforce will also be needed to make the 
transition away from current fossil fuel dependent farming whilst maintaining food production in 
the UK. 
  Government policy for UK food and farming should state explicitly that farming systems that 
provide greater employment in agriculture, and farm-related businesses, will be encouraged. 
Employment in agriculture is also an issue of global humanitarian importance. In the developing 
world, a skilled agricultural workforce is vital to safeguard livelihoods and ensure food security. 
Rather than replacing this valuable human resource with increasingly expensive and scarce inputs 
of oil-based agrochemicals, developing countries should adopt and develop sustainable food 
production systems that keep people working on and living off the land.
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Summary

  Conventional agriculture is associated with problems such as pesticide residues in soils 
and plants, contamination of meat with antibiotics and hormones, and eutrophication 
of water bodies. An alternative for consumers is the consumption of products from 
organic farming. Organic farming can contribute to environmental protection and nature 
conservation in many ways, for instance by improving soil porosity which yields higher 
infi ltration rates and thus contributes signifi cantly towards mitigating fl ooding peaks. 
It is the objective of this contribution to provide a holistic appraisal of what organic 
farming is going to deliver.

Key words: Organic farming, authenticity, earthworm, ecobalance, fl ooding,  
sustainability 

Introduction

  Organic farming, compared to conventional and industrialised farming shows fundamental 
differences from agricultural, environmental, social and economic points of view. Organic farming 
is a well defi ned production concept which provides practical solutions to various problems of 
agricultural production and therefore best meets the demand for sustainability as outlined by the 
Brundtland Commission which stated that “sustainable development is development that meets 
the needs of the present without compromising the ability of future generations to meet their 
own needs”. Additionally, organic farming provides ‘authentic’ food, an aspect that is likely to 
gain increasing signifi cance for consumers in future. It is the aim of this contribution to provide 
a comprehensive overview of what organic farming can deliver in the sectors food security, food 
quality, and environment and nature conservation. Here, special attention will be paid to prominent 
highlights. 

Food Security
  A common argument against organic farming is that it ignores the results of modern agricultural 
research and so is a deliberate step backwards in progress thus jeopardising food security on a 
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global scale. However, quite the opposite is the case: based upon an exhaustive understanding of 
biological and physiological processes, it should be possible to replace chemical aid by a scientifi c 
appreciation of these processes.
  A serious, but common allegation is that organic farming aggravates the problem of world hunger 
because of its lower yields compared to those obtained in intensive farming systems. Kimbrell 
(2002) points out that “world hunger is not created by lack of food but by poverty and landless-
ness, which deny people access to food. Industrial agriculture actually increases hunger by raising 
the cost of farming, by forcing tens of millions of farmers off the land, and by growing primarily 
high-profi t export and luxury crops”. Kimbrell (2002) concludes that the only solution to prob-
lems related to industrialised agricultural production is a return to sound organic agricultural 
practices. 
  The fact is that per capita food production in sub-Saharan Africa has declined in the past 20 years 
by 20% because of reduced soil fertility (Nwanze et al., 2004). Here, organic farming or small 
farming enterprises with similar lines of operation offer the chance to improve soil fertility and at 
the end increase food production (Halberg et al., 2006). The same authors pointed out that ‘green 
revolution’ technologies were not applicable in sub-Saharan Africa because of the basic problem 
of low yield potential, political and socio-economic constraints. Critical researchers even point 
out the risk that genetic engineering will strengthen the gap between rich and poor in developing 
countries (Jordan, 2002). Interestingly with regard to developed countries, the results of a case 
study from Austria suggest that even a total switch to organic farming will not compromise food 
security, but will fulfi l the requirements of sustainable agricultural production (Kratochvil et al., 
2004).

Food Quality
  Food quality is an issue of increasing public interest. The subject targets not only the content 
of nutritional compounds, health promoting or otherwise benefi cial substances and features, 
but more and more the way food is produced. System inherent organic products contain no po-
tentially harmful food preservatives, pesticides and phytochemicals and thus provide authentic 
food. Organically produced foodstuffs may even have signifi cantly higher contents of secondary 
metabolites (Brandt & Mølgaard, 2001).
  Organic farming has been stirring the emotions of conventional farmers since its beginnings 
with the organic farming movement initiated by Sir Albert Howard (1873-1947) and the anthro-
posophical agriculture lectures of Rudolf Steiner in the early 1920’s. Extended investigations were 
carried out in order to identify qualitative differences between products from both management 
systems and organic products usually had a signifi cantly higher dry matter content and lower 
nitrate concentrations (Woese et al., 1997). However, nutritional quality implies not only physico-
chemical parameters, which can rapidly be determined by laboratory analysis, but also ‘dynamic’ 
features, which Balzer-Graf (1987) describes as vitality, differentiation and regeneration. These 
have so far only been assessed by image forming methods. 

Non-protein nitrogen compounds
  The enrichment of non-protein nitrogen (N) compounds such as amides is primarily a problem 
of an excess N supply, and is promoted if sulphur (S) defi ciency occurs at the same time. This is 
a particular problem on intensive livestock farms. In contrast, N is regularly the greatest limiting 
factor in organic farming.
  The most important non-protein N compound enriched following S defi ciency is nitrate. Nitrate 
is prone to microbiologically induced reduction to nitrite by nitrate reductase during storage and 
processing of vegetables and nitrite is toxic to humans by blocking the oxygen carrying capacity 
of haemoglobin or as a potential precursor for carcinogenic nitrosamines. An intake of 0.17 mg 
nitrate per kg body weight yielded a spontaneous mutation rate of 12.5% (Wiesner, 1984). There 
is a still ongoing discussion whether an increased intake of nitrate enhances or reduces the risk of 
gastro-intestinal cancer. The generally lower nitrate concentrations in organically produced crops 
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can only be benefi cial given this background.
Medicinal plants

  There are many plants with therapeutically active compounds claiming to act as anti-carci-
nogenic, antibiotic, anti-hypertensive and cholesterol reducing agents (Verhoeven et al. 1997). 
There is an increasing market for phyto-pharmaceuticals and such products are of interest for 
human and animal application. The latter aspect is of prime interest as medicinal substances are 
strictly regulated in organic farming. Conventional farmers are also seeking effective substitutes 
for antibiotics since their use as feedstuff additives has been prohibited in the EU since 1 January 
2006.
  The validation of the curative effect of different medical plants is important for developing new, 
effi cient phyto-pharmaceuticals. The cropping of medicinal plants could positively contribute to 
the income of organic farms as the guidelines for good agricultural practice for medicinal and 
spice plants demand products which are not contaminated by pesticides (Europam, 1998). 

Environment

Precision agriculture technologies
  Independent of the management system, it is not possible totally to exclude nutrient losses to 
the environment from agricultural fi elds, but acceptable loads need to be defi ned. For an effi cient 
reduction of diffuse N losses it is necessary to take the spatial variability of soil features into 
account which affect N dynamics in the soil and N utilisation by the plant. A site-specifi c, variable 
rate nutrient management could therefore be the solution to this problem.
  In organic farming systems where legal guidelines exclude or restrict the use of fertilisers, the 
relative signifi cance of soil-borne nutrients for the nutrition of plants increases. This stresses the 
particular value of a variable rate nutrient management for small scale farming and low input 
systems, while usually precision agricultural technologies focus on large-scale farming (Haneklaus 
& Schnug, 2006). The strategy would imply spatially variable measures, which increase the 
utilisation of soil nutrients by improving their mobility or uptake effi ciency by the crop. The 
fi rst option would be feasible for nutrients with an expressed dependency on soil pH such as 
micronutrients and phosphorous, the second by promoting root growth in order to improve the 
source:sink ratio of nutrients (Haneklaus & Schnug, 2006). 

Precautionary measures for soil and fl ood protection
  The infi ltration rate (mm h-1) defi nes the velocity with which water passes through the soil profi le. 
High values minimise not only the risk of run-off and erosion, but also local fl ooding events by 
reducing peak values during extremely high precipitation. Sparovek et al. (2002) showed that 
the risk of extreme fl oodings increased over-proportionally if infi ltration rates were lower than 
15 mm h-1. Important factors causing reductions of infi ltration capacity in agricultural soils are 
compaction, loss of mechanical stability and biological activity. Maintaining a high infi ltration 
capacity of soils is one of the most signifi cant achievements of agriculture, which is not covered 
by the price received for agricultural products. Independent of the production system, conservation 
soil tillage improves signifi cantly the infi ltration capacity (Schnug et al., 2004). On organic 
farms there are, however, a number of factors with positive effects on infi ltration rates such as a 
diverse crop rotation, abandonment of pesticides and higher organic matter content together with 
the stimulation of soil life. Organically farmed soils have more “biopores” because of a larger 
biomass and density of earthworms and particularly a higher number of anecic earthworm species, 
as a result of which infi ltration rates can be twice as high as on conventionally farmed soils 
(Schnug et al., 2004). The spatial extension of organic farming consequently provides an effi cient 
counter-measure against the adverse effects of the anthropogenic sealing of soils resulting from 
conurbation expansion.
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Nature conservation
  A comparative study on the infl uence of the farm management system on nature and landscape 
in Ireland revealed that organic farming had a positive effect in every respect (MacNaeidhe & 
Culleton, 2000). Organic farming contributes distinctly to nature conservation on different levels: 
it stimulates the micro-fl ora and micro-fauna in the soil, yields a higher number and biodiversity 
of meso, macro and mega-fauna (Pfi ffner, 2004). A strong benefi cial effect of organic farming 
was also found for birds, butterfl ies and bumblebees and herbaceous plants with two to fi ve times 
higher fi gures compared to conventional farms (Belfrage et al., 2005). The reason behind this 
effect is the diversifi ed crop production with a balanced nutrient supply. A higher diversity of 
arable fi eld plants is part of a successful pest and disease control strategy (van Elsen, 2000). These 
environmental effects of organic farming are components of the ecobalance (Haas, 2003). In 
system-based comparative studies, organic farming had a more positive appraisal (Haas, 2003). 
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Summary

Environmental, social and economic attributes are important for the 
sustainability of a farming system. Resilience is also important yet has seldom 
been directly considered in evaluations of economic sustainability. In economic 
terms, resilience has to do with the capacity of the farm business to survive 
various risks and other shocks. A whole-farm stochastic simulation model over a 
six-year planning horizon was used to analyse organic and conventional cropping 
systems using a model of a representative farm in Eastern Norway. The relative 
economic sustainability of alternative systems under changing assumptions about 
future technology and price regimes was examined in terms of fi nancial survival 
to the end of the planning period. The same alternatives were also compared in 
terms of stochastic effi ciency. The results illustrate possible confl icts between 
pursuit of risk effi ciency and sustainability. The model developed could be 
useful in supporting farmers’ choices between farming systems as well as in 
helping policy makers to develop more sharply targeted policies.

Keywords: Sustainability; resilience; risk assessment; whole-farm stochastic 
simulation; stochastic effi ciency

Introduction

Although there is wide agreement that sustainability is a good thing, in agriculture and generally, 
there is no general agreement on how to assess sustainability. 

In this paper we focus on a particular aspect of agricultural sustainability which, while not 
comprehensive, seems relevant to the decision problem of interest. We start from a suggestion by 
Conway (1985) that ‘sustainability is the ability of a system to maintain productivity in spite of 
a major disturbance, such as caused by intensive stress or a large perturbation’. Such a defi nition 
focuses on the resilience of the system. Applying this notion to the choice between alternative 
farming systems, we view sustainability as the ability of the system to continue into the future 
(Hansen & Jones, 1996). At the level of the individual farm, we take this to mean primarily that 
the farm business must remain fi nancially viable while providing an acceptable livelihood for 
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the farm family. Naturally, the ability to survive fi nancially will be compromised if the farming 
system leads to the degradation of the farm resources, chiefl y the land itself.

Sustainability, as we have chosen to view it, involves future outcomes that cannot currently be 
observed between alternative farming systems. Evidently, to compare the sustainability of farming 
systems it is necessary to model the stochastic and dynamic nature of the systems. That implies 
that sustainability can only be assessed in terms of the probability of persistence to some future 
moment in time. Moreover, although sustainability is usually argued to be about the long-term 
future, it is hard to model the inherent uncertainty far into the future because predictions about the 
distant future are too unreliable.

In this study we have chosen to investigate sustainability to a relatively near time horizon of six 
years using a whole-farm model which allows the risk of fi nancial failure to be assessed. However, 
to compensate to some extent for the short time horizon, we have used stochastic simulation to 
examine each technology evaluated under a range of possible uncertain futures.

Materials and Methods

Expanding on the framework described by Hansen & Jones (1996), we measured sustainability 
of a farm system by the probability of fi nancial survival to the planning horizon. Failure was 
defi ned as a negative value of the equity at the planning horizon. 

Our sustainability criterion should not be the only economic criterion used to make a choice 
between farming systems. The measure focuses only on the lower tail of the distribution, implying 
an extreme aversion to risk, and may produce misleading results. Two risky farm systems with 
similar downside consequences may have very different upside outcomes, so that one would be 
acceptable and the other not.

To supplement the sustainability criterion we used stochastic effi ciency with respect to a function 
(SERF) (Hardaker et al., 2004). The SERF method ranks the alternative risky farming systems 
in terms of the certainty equivalent (i.e. risk-discounted value) of current wealth (NPV) over a 
plausible range of risk aversion levels.

To apply the approach proposed above, a whole-farm stochastic simulation model was developed 
to compare the economic sustainability and risk effi ciency of organic versus conventional farming 
for a typical arable farm in Eastern Norway. The model evaluates the fi nancial performance of 
the farm business over a six-year time horizon using equations linking farm production activities, 
subsidies, capital transactions, household consumption, fi nancing arrangements and taxes. 

Stochastic features were incorporated by specifying probability distributions for key uncertain 
variables. Both stochastic dependency between variables and increasing uncertainty with time 
were taken into account. Private consumption was assumed fi xed every year in the planning 
period, independent of bad or good years. For further details of the stochastic simulation model 
framework see Lien (2003).

Experimental arable cropping system data with grains and potatoes (1991–1999) from Eastern 
Norway were used (Lien et al., 2006), supplemented with data on prices and labour requirements 
from other sources. The data were used to specify two cropping systems: conventional crop 
production (CON) and organic crop production (ORG). Two farm models were constructed, one 
for each farming system, each with 40 ha of arable land. The farms with CON cropping systems 
were assumed to grow barley, oats, spring wheat, and potatoes. The ORG crop systems consisted 
of barley, oats, spring wheat, potatoes, and annual grass-clover (for silage). The stochastic yield 
variables were based on the experimental cropping data. The general level of grain prices can be 
regarded as non-stochastic in Norway. However, variability in quality parameters causes some 
unpredictability in the farm-gate price for wheat. These quality parameters were recorded in the 
experiment and used to model stochastic wheat prices. Further, the potato price has been quite 
unpredictable, and was also stochastically modelled.
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The models can be used to compare the two cropping systems under various scenarios, two of 
which are analysed here: 

1. For the fi rst we assumed that the prevailing yield and price levels (2004), the existing payments 
available to all farmers (but without the current additional area payments for organic farming) and 
the current market price premiums for organic produce continue to apply.

2. The price premium may decrease with increased supply of organic product as more farmers 
convert to organic production. Hence, in scenario two, we in addition to the assumptions for 
scenario one also phased out the organic price premiums.

Results

Fig 1.  Simulated cumulative distribution functions (CDFs) of terminal equity in Norwegian kroner (NOK) 
(a) and certainty equivalent (CE) curves of NPV in NOK (b) for conventional (CON) and organic (ORG) 
farming systems.

Fig 2.  Simulated CDFs of terminal equity in NOK (a) and certainty equivalent (CE) curves of NPV in 
NOK (b) for conventional (CON) and organic (ORG) farming systems, under the assumption of declining 
ORG price premiums.
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Scenario one – the “current” situation
The economic sustainability (Fig 1a) of the CON system is superior to that of the ORG, yet only 

a moderate to highly risk-averse farmer would prefer CON to ORG (Fig 1b).

Scenario two – reducing organic price premiums
It is assumed that organic price premiums follow a yearly linear decreasing trend, so that by 

2009 the organic producer receives the same prices as the conventional farmer.
 The economic sustainability and risk effi ciency of ORG is substantially reduced compared to 

the CON (Fig 2).

Discussion

On the basis of the above results, it seems that the organic farming system is somewhat less 
sustainable than the conventional system, under the cases examined with the organic area payment 
removed. 

This conclusion must be qualifi ed for various reasons. First, the defi nition of sustainability used 
is narrow. Second, possible long-term differences between the two systems were unavoidably 
omitted. Third, no account was taken of differences in externalities of the two systems. Fourth, the 
model was confi ned to two fi xed farming systems, while in practice farmers are likely to change 
cropping plans in the light of evolving expectations about yields and prices.

However, the model illustrated above could be useful to support decisions by farmers on whether 
or not to shift out of conventional production and into organic farming. Use of the above model 
could also be helpful to policy makers seeking to encourage organic farming methods. 

An important point illustrated in the results is the difference between the particular measure of 
sustainability used and risk effi ciency. Farm advisers and policy makers should be aware of the 
costs to farmers and society of recommending or requiring the uptake of farming methods that 
may appear technically more sustainable but that are less economically effi cient.
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Developing an agro-forestry system for production of a commercial 
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BY J O’BRIEN, L PHILIPPS & C ASPRAY

Elm Farm Research Centre, Newbury, Berks, RG20 OHP, UK

 Summary

  
  In most modern free-range poultry systems birds do not fully utilise the range pro-vided. 
Knowledge of the ancestral history of the domestic chicken, and research ob-servations 
suggests benefi ts of agro-forestry systems for chickens.  A commercial organic poultry 
agro-forestry system was developed for Sheepdrove Organic Farm, Berkshire, UK, 
affording the benefi ts of an agro-forestry system, whilst retaining commercial viability.  
Five avenues of highly diverse parallel hedges incorporating tree, shrub and herb species 
were planted.  On-going monitoring of the system was put in place to evaluate its 
development and help assess the types of ‘profi ts’ the system delivers.  Conventionally 
profi ts tend to be viewed purely in terms of eco-nomic gain.  However, in an organic 
farming system more emphasis is placed on the intrinsic and sustainable qualities it has.  
Organic farming adopts a holistic approach to profi t, viewing it in environmental, social 
and economic terms. The profi ts af-forded by the system are discussed.

Keywords: Poultry, agro-forestry, organic, ranging, profi t

Introduction

  Modern poultry (Gallus gallus domesticus) were domesticated from the red jungle fowl (Gallus 
gallus), which still exists in its wild form in Asia. The red jungle fowl inhabits woodland and 
forest clearings, making use of the shelter this environment provides for covered foraging. In 
modern free-range poultry systems, it has been noticed that birds do not fully utilise the range 
provided.   Dawkins et al. (2003) found that many birds never leave the house and a maximum 
of only 15% of birds in the fl ock were observed on the range at any one time.  They hypothesise 
that this may be a result of the type of range available to the birds not being their preferred habitat. 
Other research concurred that this may be the case, as providing range structures and forms of 
cover can enhance range use (Lubac & Mirabito, 2001).  Agro-forestry is a system of land use 
in which a range of different approaches to integrating trees, crops, and animals are used to the 
mutual benefi t of all components.  Knowledge of the ancestral history of the domes-tic chicken, 
combined with research observations suggests benefi ts of use of agro-forestry sys-tems for chick-
ens.  These include allowing the chickens to express aspects of their innate be-haviour and the 
provision of cover and shelter, which may encourage ranging.  It provides for-aging opportunities 
for the chickens, which could result in nutritional and medicinal benefi ts, as well as enriching the 
landscape and encouraging biodiversity.  
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  Profi t is ‘an advantage (gain) or benefi t’ (Anon., 1994).  Conventionally profi ts tend to be viewed 
purely in terms of economic gain.  However in an organic farming system more emphasis is 
placed on the intrinsic and sustainable qualities it has.  Organic farming adopts a holistic approach 
to profi t, viewing it in environmental, social and economic terms, or a triple bottom line of profi t.  
Diffi culties arise, however, in equating these profi ts in terms recognised in a forum which places 
emphasis on economic gain as its sole measure of profi t. A good starting point is to defi ne what 
might be meant by environmental, social and economic profi ts.  Environment is ‘…(the physical 
surroundings, and) conditions effecting growth development and wellbeing of plants, animals and 
humans’ (Anon., 1994).  An environmental profi t can therefore be thought of as an advantageous 
benefi t to the physical surroundings of an organism.  Social is defi ned as ‘…the relationships … 
(within a) community’ (Anon., 1994) and as such social profi t could be seen as an advantageous 
gain or benefi t to a community.  Social benefi ts or profi ts can be par-ticularly diffi cult to measure.  
Economic profi t can be defi ned as ‘…good return for money laid out’ (Anon., 1994).  

Materials and Methods

Case study: the development of an agro-forestry system
  A commercial organic poultry agro-forestry system was developed for Sheepdrove Organic Farm, 
Berkshire, UK. This development was undertaken to afford the benefi ts of an agro-forestry system 
to the table bird production system, whilst retaining commercial viability.  Prior to development 
the Sheepdrove system consisted of mobile sheds on an open range. The range was not fully 
utilised with ranging localised to the areas immediately outside the sheds. 

The site and soil
  The site is on the Berkshire Downs in Southern Britain (N51:32:05, W1:29:06) and is largely 
rolling chalk downland at an altitude of 170 to 200 m with an annual rainfall in the region of 
800–900 mm.  Within the site there are three distinct soil types: clay with fl ints: thinner silty 
calcareous clay with fl ints; and a deeper colluvial silty soil.  The pH across the site ranges from 
6.9 to 7.6.  Good nutrient reserves exist across the site increasing where soil is deeper.  However, 
despite this, nutrient availability could be limited by high pH and calcium status.

Changes to the system
  A variety of changes were made to the system in order for the birds to take full advantage 
of the woodland-style environment.  Changes were made to the brood sheds to encourage and 
acclimatise the birds to an outdoor lifestyle, including adapting: the sheds so that the chicks can 
have protected access to the outside world; and playing sounds of bird songs, tractors and other 
live-stock to the chicks in the safe environment of the shed.  Five avenues of highly diverse parallel 
hedges incorporating tree, shrub and herb species were planted 50 m apart. Each row will be 2.5 
m wide and the central rows will have a combined width of 5 m, separated by a central fence line. 
This allows for management practices such as house movement and rotational cropping taking 
place.  There is a transition from the trees, through a coppiced hedge and shrubs, to a permanent 3 
m wide herbal strip. The remaining range area was sown with a grass/clover ley.
  The trees were planted at 40 m spacing per avenue either side of the central fence line.  The trees 
sizes will be 1.5–2 m in height. To ensure a good establishment the trees were planted into augured 
holes containing a compost mix, and staked if necessary. Tree species used in the agro-forestry 
system were planted for a variety of purposes. Ash, Beech and Hornbeam for timber, Field Maple, 
Alder, White Beam and Scots Pine for shelter and, Cherry, Wild Pear, and Apple for food and 
community and social interest. 
  The hedge was planted parallel to and at a distance of 1m from the trees, with the hedge species 
planted at 0.3 m spacing and likely to be 0.6–0.9 m in height.  Like the tree species, hedge spe-
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cies used in the agro-forestry system were planted for a variety of purposes.  Quickthorn, fi eld 
maple, blackthorn, pea shrub, were planted for shelter and hazel, dogwood, spindle, holly, wild 
plum, crab apple, dog rose, elder, blackberry, raspberry and gooseberry were planted for both 
food and community interest.   Shrub species were planted away from the hedge in groups, and 
were to provide the chickens with food and shelter, but also provide harvestable fruits and wood 
products. The plants are similar to the hedging species but were planted at a lower density.  Herb 
species were also planted for different purposes; Quinoa, Kale and Wild Strawberry for nutritional 
benefi ts; Plantains, Comfrey, and Marigolds for anti-infl ammatory effects.  Other plants were also 
used for their antibacterial, calmative and anthelmintic effects. The plants chosen and the density 
of planting were selected and carried out on the basis of soil type and climate. The system design 
is site and soil specifi c although the principles are transferable to other situations.  

Identifying profi ts in organic Agro-forestry system
  The programme consists of monitoring: 1) Biodiversity including, plants, birds, moths, butter-
fl ies and terrestrial invertebrates.  2) Soil nutrient status and respiration. 3) Behaviour and welfare 
of the poultry.  This information can be used to develop a picture of the different profi t strands 
provided by the system.  These profi ts will be discussed in more detail in the Results.

Results

Profi ts offered by an agro-forestry systems
  As discussed above profi t is normally viewed in terms of economic gain, but organic farming 
adopts a more holistic approach to profi t, viewing it in environmental, social and economic terms.  
These different types of profi t will be discussed in relation to what agro-forestry systems can con-
tribute to each.  Some of the examples highlighted below are vastly different systems to organic 
poultry agro-forestry case study, but have a common theme of agro-forestry design. 

Environmental profi t 
  Some of the suggested environmental profi ts afforded by the organic poultry agro-forestry system 
include the increase in biodiversity through the provision of alternative more diverse habitats.  
These include the provision of small woodland ‘islands’ in a vastly agricultural landscape.  This 
encourages small woodland mammals and a more diverse range of bird species including birds 
of prey.  A study by Acharva (2006) in Nepal has found that traditional agro-forestry aids the 
conservation of tree diversity, as agro-forestry farms act as biodiversity reservoirs.
  In addition, improved soil nutrient and respiration status can be achieved through the rotation of 
livestock and crops.  This is achieved by subsequent cropping on land used for poultry houses, it 
can mop up any excess nitrogen in the soil, as well as resting the land from poultry activity and 
produce high yields in subsequent crops.  Another benefi t, which is harder to measure directly, is 
the improvements to the landscape, as the system is more aesthetically pleasing.  The land also 
has more of a dual purpose environmentally as it can provide cereal crops, livestock, and even 
opportunities for fruit and timber harvest. In a study of silvo-arable systems Eichorn et al. (2006) 
suggest that European mixed agricultural systems contribute towards the increased sustainability 
of agriculture and enhancement of biodiversity, but also preserve landscapes that are both cultur-
ally important and aesthetically pleasing.  A paper by Alavalapati et al. (2004), investigated the 
effect of environmental costs and benefi ts on the adoption of agro-forestry in the Northern US.  
They proposes as agro-forestry system provide both marketable goods and nonmarket goods and 
services, such as environmental profi ts, it there any cost of benefi ts to this non-market element. 
They suggest silvopasture is profi table than conventional ranching, if envi-ronmental services are 
included. 
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Social profi t
  Some of the social profi ts of an organic poultry agro-forestry system include the opportunity to 
harvest agro-forestry products including fruits and woodland products.  In addition, the system 
can provide an element of social conscience, as it can benefi t public perception and consumer 
relationships with the end product.  A direct social impact of the Sheepdrove Organic Farm 
poultry agro-forestry system is a collaborative project carried out in conjunction with a local 
school.  In addition, to the social profi ts to humans there are also social benefi ts for the chickens 
in terms of improvements to animal health and welfare.  The natural behaviour of the chickens 
can be encouraged by the presence of cover and more natural surroundings, and ranging can be 
encouraged (Dawkins et al., 2003).  This encouraged ranging could result in better leg health and 
welfare particularly as the birds approach their end weight.  Monitoring of the chickens within the 
agro-forestry system has identifi ed a very low incidence of injurious and antagonistic behaviours. 
The range also provides opportunities for the birds to self medicate by selecting herbs from the 
strips as well as providing opportunities to forage on invertebrates.  

Economic profi t
  Agro-forestry systems provide opportunities for a wider variety of economic profi ts.  The 
diversifi cation of the system means there are increased economic opportunities through the 
optimal use of space.  In the poultry system, as the poultry are integrated with trees this allows 
for the production of harvestable crops.  The land can be used for interspecies grazing (chickens, 
sheep, cattle) as well as for silage cuts.  Due to the layout of the system it still allows for poultry 
production in rotation with arable cropping to capitalise on the nutrient rich ground. Another 
economic advantage of agro-forestry systems, particularly in developing countries is that they 
allow for large species diversity and can provide both subsistence and cash crops.  This enables 
the farmer a variety of management option and a potential system of self insurance (Fernandes 
et al., 1985).  Husak & Grado (2002) compared the profi tability of agro-forestry or silvo pastoral 
systems to other land use systems in the southern regions of the US.  They found that when con-
sidering monetary and wildlife benefi ts, as well as timber and livestock sales, the profi tability of 
the silvo-pasture systems was comparable to that of other land use systems. However, they add that 
in addition to being comparable as an operation, agro-forestry systems can also provide further 
opportunities for incorporating wildlife-related activities through hunting leases and possesses 
both quality and quantity of wildlife habitat not available in other systems.  This refers to both 
other avenues of economic profi t and to the environmental profi t afforded by this type of system. 

Discussion

  It is very diffi cult to place estimated fi nancial values on environmental and social profi ts for these 
agro-forestry systems.  Although the examples highlighted above and suggested opportunities 
for the organic poultry agro-forestry demonstrated the areas in which different types of profi ts 
may be delivered.  As the discussion above shows, it is diffi cult to separate these different types 
of profi t as there is an intrinsic link between them.  This is particularly true when considering 
agro-forestry systems for organic farming due to the nature of organic farming systems.  Organic 
table birds produced in an agro-forestry system fulfi l a niche market and can achieve a fi nancial 
premium increasing the market value of the chicken.  There are, however, increased production 
costs incurred by the system due to increases in feed costs, lower stocking density, a higher ratio 
of stockmen to birds and a longer growing period.  This may result in a lower fi nancial profi t 
margin than in conventional production systems; this will depend on the individual systems.  The 
Sheepdrove Organic Farms poultry agro-forestry system is running as an eco-nomically viable 
enterprise, and early system monitoring shows it is delivering in these different areas.  This paper 
demonstrates that agro-forestry systems have the potential to deliver not just economic profi t but 
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profi ts on a multi-faceted triple bottom line: environmental, social and eco-nomic profi ts.  
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Barriers to the adoption of organic agriculture: An investigation 

using the Theory of Planned Behaviour
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Summary

  Certifi ed organic production by small-scale farmers in developing countries is increasingly 
promoted as an opportunity to access a growing and dynamic market while at the same time, 
enhance productivity and improve incomes. Nevertheless, adoption has been slow. The econom-
ics literature suggests profi tability is the main constraint; however, the sustainable agriculture 
literature is inconclusive and considers attitudes of signifi cant importance.
  As ecological behaviour is susceptible to a wide range of infl uences beyond an individual’s 
control, environmental attitude alone is often a poor predictor of behaviour (Kaiser et al., 
1999). The Theory of Planned Behaviour (Ajzen, 1985) is therefore promoted for studies in 
the ecological domain as in addition to attitudes, it incorporates the role of social pressures and 
the perceived diffi culty in carrying out the behaviour. Using this framework, the psychological 
barriers to adoption of organic production are investigated using small-scale avocado producers 
from Michoacán, Mexico as a case study. The responses of 108 conventional farmers to an in 
depth household survey are analysed using established statistical procedures, the results of which 
are explored econometrically using ordered probit models.
  Despite positive attitudes towards organic production, intentions to convert are negative. This 
suggests that attitudes alone are not suffi cient to induce adoption and that while organic could be 
a long-term strategy, in the short term conversion is unlikely. More important to the formation 
of intentions are the perceived social pressures and perceived ease of conversion, both having 
positive and signifi cant effects on intentions. 
  Promotion of organic production will therefore require a focus on information asymmetries 
within the wider population, the development of technical skills and training of key actors in the 
avocado chain to organic methods. This should help alleviate negative social pressures toward 
organic production, but also assist in overcoming the uncertainty and lack of confi dence present 
in producers’ abilities to successfully convert to organic production.  
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Summary

  In the past few years, organic direct sales in the UK have grown rapidly.  Direct sales 
are assumed to have short or distinct marketing chains from farm gate to consumer. This 
paper begins by outlining some current problems with the widely accepted defi nition of 
organic direct sales and charts some of their diverse characteristics. It goes on to argue 
that the mix of organic direct and multi-farm direct sales is so diverse that a greater 
clarifi cation of terms is necessary in order to progress consumer, policy and research 
understanding. 

Key words: Organic, food supply chains, direct sales, direct marketing chains

  
Introduction

  Food supply chains (FSC) are commonly grouped according to the sales outlet from which 
consumers purchase food. In the organic food market these include: general food shops/multiple 
retailers; bakers and butchers; specialist organic food and health shops; direct sales and food 
service (Hamm et al., 2002).  In the past few years, organic direct sales in the UK have grown 
rapidly and at a faster rate than other sales outlets (Soil Association, 2006). Organic direct sales 
are often perceived by consumers, policy makers and some researchers to comprise of very short 
supply chains and to be defi ned as sales that are made from a farmer, of home-produced goods, 
straight, or direct, to the consumer.  However, in recent years this defi nition has been expanded.  A 
current, widely accepted, defi nition of direct sales is provided by Lobley et al. (2005) as businesses 
whose most important marketing route is “box schemes, farm shops, farmers’ markets, local retail 
outlets, and internet sales.  Each of these is assumed to have a short or distinct and traceable 
supply chain from farm gate to consumer”.  This paper, which draws on recent research conducted 
by HDRA and Coventry University, will examine challenges in defi ning and measuring direct 
sales and direct marketing chains, as well as outlining their diverse and complex characteristics.

Approaches
 A combination of qualitative and quantative research methods have been used to investigate and 
analyse both specialist and organic direct marketing chains. 
  The paper includes fi ndings from HDRA’s Defra funded projects on The UK Organic Vegetable 



76

Market Study and an associated survey of organic vegetable direct sales operators, and the Sus-
tainable Organic Vegetable Systems Network.  The HDRA direct sales survey aimed to quantify 
the size and value of the organic vegetable direct sales market by collecting data on the market 
state and dynamics, through a questionnaire in 2005.  Previous data were based on estimates.  
The survey raised the need for a clarifi cation of direct marketing chains to aid interpretation of 
statistics.  The Sustainable Organic Vegetable Systems Network (HDRA, 2006) collected case 
study information and experiences of organic vegetable growing and direct marketing from 10 
farmers over a period of three years. 
  Coventry University examined and mapped specialist FSCs as part of a larger research project on 
FSCs in selected lagging regions of the EU.  In-depth interviews were conducted with 42 small-
medium sized (SME) food-producing businesses from the specialist sector of the food supply sys-
tem in the Scottish/English border region.  The 42 SME food producers were selected from three 
broad product types that characterise the study region: livestock products; bakery, confectionery 
and preserves; fi sh and fi sh based products.  Consequently, the sample included both farm-based 
and other rural SMEs.  Two of the producers from each category were then chosen for detailed 
case study work, over a period of two years (Ilbery & Maye, 2005).
    

The re-emergence of organic direct marketing chains
  Some direct organic marketing chains (such as box schemes) gradually emerged as a reaction 
against ‘industrial’ and national food systems (Michelsen et al., 1999).  In the late 1990s their 
development was adversely affected by an expansion in organic sales through multiple retailers 
(Soil Association, 2002).  More recently, organic direct marketing has re-gained importance and 
experienced a sales growth of 30 per cent (Soil Association, 2006), resulting from both expansion 
in existing schemes and the development of new schemes.  Lobley et al. (2006) found 39 per cent 
of organic farms were involved in one or more direct marketing routes compared to just 13 per 
cent of non-organic farms.  Push factors to the recent rapid growth in direct marketing included 
downward price pressures from marketing through multiple retail outlets. Pull factors included 
an apparent increased consumer demand for knowledge of the provenance of food; this can be 
linked to environmental and health concerns and a lack of trust in ‘industrialised’ food systems, 
which can be particularly strong for organic products.  Policy developments have also supported 
the development of direct sales channels e.g. the Curry Report (2002).  
  In response to the recent rapid growth, new operational systems for organic ‘direct sales’ have 
emerged.  Some of these new operational systems involve longer supply chains with increased 
importance of dimensions up-stream from the farm, for example suppliers.  However they may 
use outlets that are typically associated with direct sales, or short chains, such as box schemes 
and farm shops.  It can lead to confusion, and misleading statistics, if both short and long supply 
chains are termed direct sales.  

    
Direct and Multi-Farm Direct Illustrative Case Studies 

Case study one: specialist organic hill meat
   This large Northumberland upland organic farm, employing four full time people, has an on-farm 
butchery and retails a range of organically reared meat products using local branding. The busi-
ness sources cattle, sheep, pigs and poultry from other organic farms in the region.  All livestock 
are slaughtered at an organically accredited abattoir in Whitley Bay and then delivered to the 
on-farm butchery for processing and packaging.  The meat products are then sold through various 
commercial customers and outlets including specialist retailers, caterers, farmers’ markets, direct 
delivery and mail order. On-line meat sales are available but have been slow.  
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Case study two: local organic vegetables 
  This Cambridgeshire intensive organic vegetable farm is small and family-run.  All produce 
marketed is produced on the farm with no sourcing of additional vegetables out of season. Produce 
is marketed through a local box scheme (run by a cooperative) and farmers’ markets. The farmer 
himself attends the farmers’ markets. Cropping is planned to ensure markets can be attended 
through the majority of the year. 

Direct Marketing Chains Characteristics 

    
Diversity

   The two case studies illustrate some of the variety in direct sales, including their size, sourcing 
policy, number of links in the chain and proximity to consumers.  The HDRA direct sales survey 
additionally showed that organic vegetable direct marketing schemes ranged from the very small 
(such as case study two) to the very large; however, the majority were very small.  Within this 
survey sample, average turnover of organic vegetable box schemes was around £64,000 per annum 
(Geen & Firth, 2006); however, when the few large schemes were excluded, average turnover fell 
to approximately £20,000 per annum.  Scale seemed to depend partially on the market outlet used, 
with the HDRA survey fi nding average turnover from farm shops to be one fi fth of that of box 
schemes (£13,400) and average turnover from market stalls was about £10,000.  
  Box schemes were the most common direct marketing channel for organic vegetables with 
farm shops and markets less popular.  However, 70 per cent of those surveyed by HDRA used 
several marketing chains, further highlighting the diversity in the organic vegetable direct sales 
sector (Geen & Firth, 2006).  Kujala & Kristensen (2005) reinforce the view that typical organic 
marketing initiatives do not exist, as business circumstances and market structures are so versatile 
that a range of business ideas can succeed. 

Up-stream dimensions
   The case studies also highlight the importance of examining processes up- and down-stream of 
the farm.  If the enterprise buys in supplementary produce or other inputs, the marketing chain 
stretches from the farm to input suppliers (Ilbery & Maye, 2005).  This can mean that some so-
called direct marketing chains are as long, in terms of the number of links, as multiple retail FSCs.  
Furthermore, it limits the ‘directness’ of sales. For example, in case study one much of the meat is 
bought in from other local farms (up-stream), and so is not direct sales.  Additionally, the majority 
of meat is sold through local commercial customers (down-stream) further preventing the pos-
sibility of sales being direct, despite being local.  However case study two illustrates direct scales 
through farmers’ markets, although sales to the cooperative box scheme are not direct sales. 
  HDRA resolved this issue for the purpose of the Organic Vegetable Market Study 2004–05 and 
to provide detailed information about the organic vegetable direct sales market, by separating 
and terming sales of produce that were sourced up-stream from other farms as multi-farm direct.  
This demonstrates that it is insuffi cient to classify a direct marketing chain by the fi nal marketing 
outlet; just because sales are made from a farm does not automatically mean that they are direct 
sales. For example, direct and multi-farm direct sales can occur through many outlets including 
farm shops, box schemes, farmers’ markets; however not all sales through these outlets are direct 
sales (for example, the box scheme in case study 2 has some multi-farm direct sales).  

Hybrid chains
  Direct marketing chains work within a wider environment and often cross over into other mar-
keting chains, both up- and down-stream of the farm. This can blur boundaries and contribute to 
the emergence of hybrid chains.  Case study 1 demonstrates this cross over into other types of food 
supply chain through the use of the only local abattoir.  Ilbery & Maye (2005) highlight how this 
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refl ects the strong economic drivers for small-scale specialist marketing businesses and the risks 
of high dependence on one major supplier, distributor or commercial customer.  Hence as enter-
prises continually adjust to maintain, or seek, business success and stability they may continually 
dip in and out of different food supply chains depending on environmental context, market forces 
and business development.  Furthermore, many direct marketing chains may alter during a period 
of study.  Most analyses, therefore, are a ‘snap shot’ of the situation at the time of study.

Conclusions

  This paper has raised a number of issues about the complexity and diversity of direct sales, their 
defi nition and measurement. 
   Firstly, direct sales’ diversity and complexity, including size, sourcing policy, number of links in 
the chain and proximity to consumers, creates a need for a clarifi cation of marketing chains and 
terms to ensure that research and statistics provide accurate information. HDRA has used the term 
‘multi-farm direct’ to identify marketing chains where supplementary produce was bought in from 
other farms, or where produce from several farms was sold through the same outlet. 
   Secondly, it is often necessary to examine processes up-stream from the farm in order to identify 
and defi ne the type of direct sales.  This includes identifying the start point of the marketing 
chain.  
  Thirdly, direct marketing chains work within the wider environment and so often cross over 
into other, more conventional, marketing chains and are continually developing. This can blur 
boundaries and contribute to the emergence of hybrid chains (Ilbery & Maye, 2005). It also 
contributes further complexities to the collection of accurate market data.
  Fourthly, some terms for marketing chains, such as direct, specialist or local, are misleading and 
inconsistently used. These terms need to be better defi ned and used with care and accuracy.  If the 
concept of hybrid food chains is accepted, with businesses having a mix of marketing chains, then 
perhaps each marketing chain needs to be classifi ed with a combination of terms.   
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Organic principles and research: What implications the new 

IFOAM principles of organic agriculture?

By G DAVIES
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Summary

  This paper examines some of the implications of the recently approved IFOAM principles 
of organic agriculture for organic research programmes. In examining the four principles 
we ask what types of research processes are likely to be in keeping with the principles, 
who should have the power to defi ne research agendas, and ultimately who should control 
the output from research programmes. We argue that participatory research programmes 
incorporating the values and experiences of wider stakeholder groups (including 
researchers, farmers and consumers) should be regarded as equally important as other 
research approaches as they are likely to meet many of the underlying intentions of the 
principles. We are also led to ask whether organic research is increasingly coming to be 
regarded as an end in itself, almost something apart from the principles, increasingly 
remote from the end users and consumers, rather than as part of an on-going process 
aiming to support and promote the organic movement.

Key words: Organic principles, IFOAM knowledge development, participatory research

  
Introduction

  The International Federation of Organic Agriculture Movements (IFOAM) has defi ned its 
mission as leading, uniting and assisting the broader organic movement, with the goal of the 
worldwide adoption of ecologically, socially and economically sound agriculture systems based 
on the principles of organic agriculture. Recently, at the 15th Organic World Congress in 2005, the 
organisation has approved a set of principles that aim to inspire the organic movement in all its 
diversity (IFOAM, 2006). They are intended to be a guide to IFOAM’s development of positions, 
programmes and standards. The principles are set out as four guiding principles, each articulated 
as a statement followed by an explanation that are intended to be used as a whole. The four 
principles are: 1) the principle of health, 2) the principle of ecology, 3) the principle of fairness 
and 4) the principle of care. The full principles are available from IFOAM (2006) and will not be 
cited in their entirety for reasons of space. The aim of this paper is to look at each principle in turn 
and to stimulate discussion on what implications they have for organic research programmes and 
to make suggestions as to the type of research programmes that might work towards achieving the 
goals of the ‘organic movement’ as embodied in IFOAM.

The Principle of Health

  This principle has been summarised as “Organic Agriculture should sustain and enhance the health 
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of soil, plant, animal, human and planet as one and indivisible”. Health in this sense is defi ned 
as the wholeness and integrity of living systems and is represented by the concepts of immunity, 
resilience and regeneration. The origins of the organic movement are, from some perspectives, 
based in the idea that the ‘good’ health of people, animals and ecosystems are intimately linked 
(Conford, 2001). Some of these concepts have been explored more or less systematically, as 
represented by research such as the Haughley Experiment (Balfour, 1977). 
  ‘Good health’ or ‘good heart’ are normally related to the idea of ‘correctly or fully functioning 
systems’. The WHO (1946) defi nes health as “a state of complete physical, mental and social 
well-being and not merely the absence of disease or infi rmity”. However, systems are not easy to 
defi ne and crucially their defi nition depends on perspective (Davies & Gibbon, 2004). Function is 
also likely to depend on a specifi c situation as biological systems are adaptable, respond through 
feedback, evolve and are comprised, to some extent, of redundant sub-systems all of which work 
together to provide ‘health’. It thus becomes diffi cult to decide what is implied by the term ‘good 
health’ as it necessitates choosing some given system functions over others and choices infl uence 
outcomes. For instance nitrogen fi xation in soil can be achieved in many different ways; in 
rhizobia in nodules, in free-living soil bacteria, by artifi cial fertilizer, and it is not always obvious 
which is ‘optimal’ without understanding the context. From a systems or holistic perspective it 
will therefore be diffi cult to obtain clear cut answers of the type normally sought by a reductionist 
research approach. Such approaches will always be useful in helping to understand system sub-
components and how they function but will be less useful in understanding how they integrate, 
especially at higher (and social) system levels. 
  Crucially it would seem that research programmes need to engage a wide audience in defi ning 
the idea of ‘good health’ and, more generally, the ‘well being’ that arises from agriculture. 
This will necessarily involve an ongoing dialogue and negotiation between researchers and 
other stakeholders (consumers, farmers etc.). Questions such as what research is necessary will 
necessarily change as circumstances change and will be rooted in the communities and socio-
economic systems in which they arise. For instance the debate about nutrition has a very different 
emphasis for subsistence farmers as compared to UK consumers. We would argue that in these 
cases research is relegated to a secondary role and should take the place of informing ethics, 
philosophy and politics. Questions about the exact role of, for example, nutrition in health will 
always have ambiguous answers even though detailed scientifi c research can elucidate the exact 
mechanisms involved in many cases. Notwithstanding this, researchers also have a responsibility 
not to undertake research that potentially closes off choices and threatens the ability of systems to 
adapt and evolve, e.g. GM technologies.

The Principle of Ecology

  This principle assumes that agricultural practice is rooted in ecological systems and states that 
production should be based on ecological processes and recycling, so that “Organic Agriculture 
should be based on living ecological systems and cycles, work with them, emulate them and help 
sustain them”. Recent population and consumption trends have placed the planet’s ecosystems 
under increased strain (World Watch Institute, 2004). Agricultural systems depend intimately on 
ecological cycles for their functioning and it is a fallacy to believe that they can be divorced from 
these cycles (Jones, 2001). Organic farming should fi t these cycles and work with them and it 
is therefore likely to be complex and site specifi c and, from a human perspective, be rooted in a 
cultural context (Pretty, 2002).  As in the previous case, the cultural context is likely to make any 
defi nition of ecological systems diffi cult as has been seen in the debate over landscape values in 
Europe (Council of Europe, 2000). In addition there is also a great deal of misunderstanding over 
ecological and emotive terms like ‘balance of nature’, which although widely used is not really 
meaningful in a scientifi c or evolutionary sense, and ‘survival of the fi ttest’, which has been linked 
to all sorts of political ideologies.
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Once again we argue that research needs to engage a wide audience in defi ning the value of land-
scape and agricultural function. These areas have begun to be explored by social scientists (e.g. 
Oreszczyn & Lane, 2000) and they should increasingly be integrated into agricultural research 
programmes.
In this, case the debate can also be informed by the incorporation of ecological and evolutionary 
theory, which have been well developed over the past century, and are tending to indicate that 
adaptation and diversity are the key to understanding evolution and it’s consequences. In addition, 
an enormous wealth of natural science knowledge has been developed and can be utilised to 
better understand the functioning of agricultural and organic farming systems. In this situation 
the research is not likely to be served by conventional reductionist approaches that help to un-
derstand components but rather by integrative approaches that attempt to model and understand 
how components integrate and communicate. An understanding of soil ecology, nutrient cycles, 
predator-prey relationships or market functioning are all areas that can typically benefi t from 
such an integrative approach and which have potential benefi ts for organic farmers, growers and 
consumers. Although from a researcher point of view these are not easy concepts to explore, and 
do not provide defi nitive answers, they will ultimately better serve the development of organic 
farming in keeping with the principles.

The Principle of Fairness

  The principles state that “Organic Agriculture should build on relationships that ensure fairness 
with regard to the common environment and life opportunities” and this is further developed 
by stating that fairness is characterized by equity, respect, justice and stewardship. Fairness, as 
such, is not directly related to what research is done, but rather to the manner is which it is done. 
Traditionally most power in research programmes has resided with researchers and funders. These 
groups do not necessarily have the same objectives as consumers or farmers and in fact their 
interests might be contrary (Buhler et al., 2002). The only way to ensure fairness or relevant 
research is to operate in a consensual way and negotiate the research that needs to be done. In 
formulating research proposals researchers should defi ne the stakeholders in the research process; 
who is defi ning what research is done? Who is funding it and why? Who is doing it? How will 
the information or results be shared? Who will be adversely affected and who benefi t? All these 
will have a bearing on the ‘fairness of a project’ but are often not taken into consideration when a 
project is designed. 
  Experience has tended to show that openness is important and that as much effort needs to be 
put into communication as research. Projects should therefore integrate communicators and make 
provision for sharing information with all stakeholders. In this situation the best projects are likely 
to be shaped by coalitions of researchers, farmers and consumers working towards specifi c local 
objectives. We would argue that research in these situations is best served by a collegiate system 
of peer-to-peer networks that allow all stakeholders to express opinions and develop their ideas. 

The Principle of Care

“Organic Agriculture should be managed in a precautionary and responsible manner to protect 
the health and well-being of current and future generations and the environment”. This principle 
puts the idea of precautionary approaches at the heart of research and also calls for a specifi c 
recognition of farmer and consumer knowledge in scientifi c programmes, rather than radical 
change for the sake of it. Once again the principle of care would seem to place the emphasis on 
constructing a dialogue between stakeholders and asking questions as to what is appropriate in 
any given situation. Researchers have the responsibility under this principle of designing open 
and transparent research processes that adequately refl ect the needs and values of those who are 
affected. They should also take responsibility for examining the likely outcomes or consequences 
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of the research work they undertake, taking into consideration the impact on less powerful groups 
and especially ‘silent voices’ as represented by the fauna and fl ora in the ecological system.

Discussion

  Research should be seen as having an important role in putting organic agriculture on a fi rm and 
rational footing. Current research programmes in the UK (Davies & Gibbon, 2004) are mainly 
directed at researching technical solutions to researcher defi ned ‘problems’ and as such are 
becoming increasingly remote from the concerns of both consumers and farmers. By attempting to 
live up to the organic standards research will come to better refl ect the aspirations of stakeholders 
in the organic movement; ultimately local, diverse and healthy agricultural systems. 
  A clear theme running through the organic principles as defi ned by IFOAM is that of openness, 
transparency and participation. We believe that organic research programmes should refl ect such 
values and incorporate them into their processes and that it is not suffi cient to add them as an 
afterthought. Research processes should be open and accessible to all stakeholders in the organic 
movement. All ideas should be considered in the spirit of diversity and inquisitiveness as central 
to the human ethos of well-being and fulfi lment. Above all communication between stakeholders 
would seem to be a prime requisite for all organic research programmes so that the approach to 
organic research should be from the basis of a social science platform informed by a practical 
science base and experimentation programme.
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Summary

 Agro-ecological and other spatial information can be used to improve our 
understanding of organic farming research issues, inform the application of 
research from one area to another, and support collaboration and prioritisation 
within regional research programmes. Of the 25 organic farming research 
priorities identifi ed by the IFOAM EU Group in 2004, 15 were related to regional 
differences in agro-ecological conditions. The other priorities were potentially 
affected by spatial differences in political, institutional and socio-economic 
conditions. In relation to agro-ecological data, the capacity to identify i) general 
agro-ecological areas and ii) areas with specifi c agro-ecological advantage or 
stress seems particularly useful. The use of a geographic information system 
(GIS) to integrate spatial data to identify and display such areas is illustrated 
with two examples.

Key words: Geographic information system, GIS, climate, regions, algorithm
Introduction

Introduction

From 1985 to 2002, certifi ed organic farming in the European Union (EU-15) expanded from 0.1 
to 4.4-4.8 million ha, representing about 3.7% of the total utilisable agricultural area (European 
Commission, 2004; EEA, 2005). This has increased the demand for organic farming research, but 
research managers have limited budgets and hence it is useful for such managers to identify those 
research priorities where collaboration is possible. This is particularly the case within initiatives 
such as the EU-sponsored CORE Organic project (European Commission, 2005).  Moreover, 
because organic agriculture involves the management of farms as “nearly-closed systems”, it is 
more dependent on specifi c site-conditions than other forms of agriculture (FAO/IFOAM, 1998).  

Spatial data, particularly when used in a geographical information system (GIS) to form maps, 
can improve our understanding of and ability to communicate the magnitude and regional extent 
of specifi c research issues. It can also support the appropriate transfer and application of existing 
research from one area to another. This paper reports briefl y on part of a review which sought to 
identify how agro-ecological and other spatial data could help inform the prioritisation of organic 
farming research in Europe (Burgess et al., 2006).

Examples where spatial data have been used to prioritise agricultural research include the USA 
where a criterion for national funding is that the research deals with national or regional, rather than 
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local problems (US Department of Agriculture, 2006). Matrices are another tool used by decision 
makers to focus on the important issues when prioritising, with one axis representing options and 
other axes describing factors such as agro-ecological zones (Mutangadura & Norton, 1999; Fisher 
et al., 2005).

Materials and Methods

The review was based on information obtained from scientifi c papers, research reports, and 
websites. This particular paper focuses on agro-ecological data (i.e. climate, landform, and soil 
characteristics), but land cover, administrative, agricultural, and environmental spatial information 
were also considered in the full study (Burgess et al., 2006). In 2004, the IFOAM EU Group identifi ed 
and described 25 key research priorities for organic farming in Europe (IFOAM EU Group, 2004).  
These descriptions were used to identify which priorities were associated with spatial differences 
in agro-ecological, political and institutional, and socio-economic conditions. 

Results

Each research priority identifi ed by the IFOAM EU Group (2004) was related to spatial 
differences in political-institutional, socio-economic or agro-ecological conditions (Table 1).

 Agro-ecological differences appeared pertinent to 15 out of the 25 research priorities and 
differences in political/institutional and socio-economic conditions were associated with the 
remaining priorities. By analysing the descriptions, it was possible to identify three broad types 
of agro-ecological issue. Seven priorities (1.1, 1.4, 2.2, 3.2, 3.5, 5.1, and 5.3) identifi ed the need 
to undertake research relating to different agro-ecological areas. Eight options (1.3, 2.1, 2.2, 2.3, 
2.5, 2.6, 3.4, and 5.2) identifi ed the importance of spatial differences relating to specifi c agro-
ecological advantages, stresses or types of animal husbandry. A further two options (4.5 and 5.3) 
related to food security and climate change implied the use of agro-ecological data to run detailed 
computer models.

Discussion 

The above results suggest that the principal types of spatial agro-ecological information needed to 
inform the prioritisation of collaborative organic farming research in Europe are the identifi cation 
of i) general agro-ecological areas and ii) areas of specifi c agro-ecological advantage, stress, or 
form of animal husbandry. In each case, there is a need to identify the available spatial data and a 
method to handle the data. For Europe, there is a range of spatially-formatted climate, elevation, 
soils, land cover, administrative boundary, agricultural and environmental data that is available free 
of charge (Burgess et al., 2006). There are also a number of commercially-available geographic 
information systems that can be purchased to store, integrate, manipulate and display such data. 

General agro-ecological areas
General agro-climatic classifi cations of Europe include the Koeppen climate description (FAO, 

1999). Metzger et al. (2005) also describe a statistical stratifi cation of Europe into 13 environmental 
zones (Fig. 1a) on the basis of climate and topography, with further divisions into 84 strata. This 
is available as a vector dataset and it provides a method to identify similar agro-ecological areas 
or strata for modelling or scaling-up exercises.
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Table 1. The 25 research priorities described by the IFOAM EU Regional Group (2004).  Those 
mentioning spatial differences in political-institutional, socio-economic or agro-ecological 

conditions are identifi ed (*)

Research cluster and options Spatial issues Brief description of the agro-ecological issue,

Po
lit

ic
al

/
In

st
itu

tio
na

l

So
ci

o-
ec

on
om

ic

A
gr

o-
ec

ol
og

ic
al

for those options mentioning spatial differences in 
agro-ecological conditions 

Plant 1.1 Soil and plant health * “technologies...tested in different climatic regions”.

Production 1.2 Novel pesticides *

1.3 Plant breeding * “crops better adapted to stressful environments”.

1.4 Mediterranean pests * Mediterranean and temperate systems 
are different.

1.5 GMO co-existence * *

Livestock
production

2.1 Husbandry and 
welfare * * *

“different...systems...compared...to 
optimise use of...contradictory aims 

(welfare, environment…)”.

2.2 Livestock
breeding * Systems “adapted to stress environments” 

“indicators...tested in...macro-climatic regions”.

2.3 Immune systems and 
stress tolerance * *  “interactions between…system/method  (e.g. 

intensity, housing)…environment  and breeds...” .

2.4 Alternative medicine * *

2.5 Dairy production 
       free of antibiotics *  “holistic concepts...Prevention strategies by 

optimising ...housing and free ranging regime...”.

2.6 Alternatives to 
synthetic vitamins *

“in different countries… analyse if and under 
which conditions insuffi cient vitamin supply 

occurs”.
Socio- 3.1 Attitudes of society * *

Economic 3.2 Regionality * * *  “the “bioregions” approach ... should be 
analysed”.

3.3 Organic purchasing *

3.4 Social-economics of 
co-operation * * * “agronomic, ecological, economic advantages or 

and obstacles to different forms of co-operation”.

3.5 WTO requirements * * *  “scientifi cally quantifi ed and qualifi ed under the 
extreme variation of site and climate conditions”.

3.6 Consumer behaviour *
Quality, 4.1 Food processing *
Health 4.2 Health and taste *
and 4.3 Quality and health *
Security 4.4 Certifi cation costs *

4.5 Food security and 
organic food * * * “world-wide study to explore….constraints on 

organic agriculture in ensuring…food security”.

Environ-
ment 5.1 Biodiversity * “effectiveness of different…systems...in a case 

study…”. “Recommend…for different ecotypes...”.

5.2 Nutrient cycles * “recommendations...adapted…regional 
conditions”.

5.3 Climate change * “Long-term comparison trials in different climate 
zones... as a data source for modelling”.
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User-defi ned agro-ecological areas
For specifi c situations, such as plant breeding or livestock husbandry research, it can be helpful 

to use a GIS to identify user-defi ned agro-ecological areas. For example in plant breeding it may 
be useful to identify areas susceptible to a particular disease on the basis of monthly rainfall.  In 
livestock husbandry, Fig. 1b provides an example where spatial mean-monthly climate data from 
the International Water Management Institute (2006) were combined with an algorithm reported 
by St-Pierre et al. (2003) to illustrate where the level of heat stress in July may affect cattle welfare 
and productivity. A temperature humidity index greater than 70 is reported to reduce the welfare 
and productivity of dairy cows, whilst the critical level for beef cattle is 75 (St-Pierre et al., 2003).  
Within a GIS it is relatively easy to produce similar graphs for the average situation for other months 
or for a month in a specifi c year.  The constraining step is usually the ability to specify an algorithm 
to defi ne an agro-ecological area. Where algorithms can be specifi ed, such maps can inform where 
different regions in Europe could collaborate on organic farming research.
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What will long-term experiments deliver?
Key results of 12 experiments on different continents

J RAUPP & M OLTMANNS

Institute for Biodynamic Research, Brandschneise 5, D-64295 Darmstadt, Germany

Summary

Twelve long-term experiments have been used to describe the main management 
effects of organic farming systems.  The experiments were mostly used  to 
compare various types of organic and conventional cropping systems, or to study 
fertilisation effects. The multi-year perspective was particularly important to 
reveal that soil biological parameters developed better and crop yields declined 
less under poor growth conditions in the organic treatments. Improved co-
operation of researchers involved in long-term experiments is now occurring 
and this will lead to more effective use of data.

Key words: Soil organic carbon, yield, farmyard manure, green manure, inorganic 
fertiliser, stockless farming

Introduction

Agronomic long-term experiments are a common research tool to study the per formance of 
agricultural systems or cultivation techniques. As sustainability and long-lasting soil fertility are 
particular objectives of organic farming methods, such experiments have also been used to evaluate 
such methods or to compare their effects with those of other farming methods. Although organic 
farming is relatively young, there are a number of long-term organic experiments worldwide. A 
dozen of them have been compared, and selected results have been evaluated in order to determine 
the main fi ndings and the best management treatments.

Materials and Methods

The evaluation presented here was based on 12 long-term organically managed fi eld experiments, 
carried out mainly in Europe and North America. Short descriptions of the trials and the results 
were reported by Raupp et al. (2006), and are listed in Table 1. The parameters for soil and crop 
yield have been chosen, as they were the most useful measurements on which to base comparisons, 
apart from their specifi c research area.
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Table 1. General information on the evaluated long-term experiments, compiled in Raupp et al. 
(2006). The numbers in the 1st column are just to identify the trials in Table 2 and in the text

No Title Authors Institute Since Treatments

1
MASCOT,  Mediterra-
nean Arable Systems 

Comparison Trial

Bárberi & 
Maz zon cini

CIRAA, Univ. of 
Pisa, Sant’Anna 

School, Pisa, Italy
2001

system comparison: organic and 
conventional arable cropping 

systems

2
The Rodale Institute 

Farming Systems Trial 
Hepperly 

et al.

The Rodale 
Institute, Kutztown,  
Pennsyl vania, USA

1981
system comparison: manure-
based organic, legume-based 

organic and conventional systems

3
Soil fertility with orga-

nic and biodynamic farm-
yard manure amend ment

Köpke et al.
Institute of Organic 
Agriculture, Univ. 
Bonn , Germany

1993

4 treatments with solid manure 
ap plication and different 

biodynamic preparations vs a 
control

4 The DOK experiment Mäder et al.

Research Institute 
of Organic 

Agriculture (FiBL), 
Switzerland

1978

4 organic and conventional 
farming systems differing 

mainly in fertilisa tion and plant 
protection concept

5
Recycling of urban 

waste
Magid et al.

KVL, Dept. Agric. 
Sci., Copenhagen, 

Denmark
2002

‘urban fertilisers’, e.g. human 
urine, sewage sludge, household 

wastes and different FYM 
treatments

6

Long-term, large-
scale sys tems research 

directed to ward 
agricultural sus tain-

ability

Mueller et al.

NC State Univ., NC 
A&T State Univ., 
North Carolina, 

USA

1998

system comparison: conventional 
systems, cropping/animal husb. 

sys tems, organic system,  forestry 
sys tem, successional system

7
Variable Input Crop

Management Systems 
(VICMS) trials

Porter et al.

Univ. Minnesota, 
Dept. of Agron. 

& Plant Genetics, 
Minnesota,  USA

1989

2 crop rotation lengths and 4 man-
age ment strategies (zero inputs, 

low-purchased inputs, high-
purchased inputs, organic inputs)

8
The Danish organic crop 
rotation experiment for 

cereal production

Rasmus sen 
et al.

DIAS - Danish 
Institute of 

Agric. Sci., Tjele, 
Denmark

1996

at 3 sites in Denmark; 3 factors: 
crop rotation (fraction of grass-

clover green manure), catch crop, 
slurry

9
IBDF long-term 
fertilisation trial

Raupp & 
Oltmanns

IBDF, Institute for 
Biodynamic Re-
search, Germany

1980

fertiliser types: comp. manure 
with / without bio dynamic prepa-
ra tions, inorganic fertiliser, each 

at 3 rates

10
Mineral nutrition of 

peach trees with or ganic 
and inorganic fertilisers

Raviv et al.
Newe Ya’ar 

Research Center, 
Israel

1998

inorganic fertilisation, cattle 
manure compost + feather meal, 

compost + leguminous cover 
crops

11
Organic Farming Trial 

Gladbacherhof
Schmidt et al.

Univ. Giessen, 
Dept. of Organic 

Agri cul ture, 
Germany

1998

rotation: livestock forage, 
stockless mulch, stockless cash 

crop; tillage: plough, 2-layer 
plough and a combi nation of 
cultivator and rotary harrow

12
Long-term monitoring 

of  management systems 
within organic farming

Surböck et al.
BOKU, Dept. of 
Or ga nic Farming, 

Austria
2003

fertilization: green manure 
system, green manure plus 

communal com post, farmyard 
manure
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Results and Discussion

Almost  half of the projects were focussed either on a comparison of cropping (farming) systems 
(1, 2, 4, 6, 7) or on fertilisation issues (3, 5, 9, 10, 12) (Table 1). The two other trials dealt with 
crop rotation linked with either catch crop cultivation and slurry application (8) or with tillage 
treatments (11). 

The clear priority of the experiments listed in Table 1 was to analyse and understand systems 
as a specifi c set of agronomic factors. In nearly all of the trials (2, 4, 6, 7) the subject of organic 
vs. conventional farming was subdivided into several treatments for each system, varying with 

Table 2. Selected results of organic (compared to conventional) cropping systems or of organic 
(compared to inorganic) fertilisation, obtained in 12 long-term experiments with the symbols 

<, >, = expressing the difference between organic and inorganic fertilisation or in other trials 
between organic and conventional cropping systems; an empty fi eld means: no data available 

for this parameter

No. Soil Crop yield Further results, special aspects

C
or

g

C
m

ic

Other

1
Durum, sunfl ower: <
faba bean: > =

quality parameters of sunfl ower: > =
and of sugar beet: > =

2 >
maize, 1st period: <
maize, 2nd period: =
soybean: =

maize crude protein: =
maize yield in dry years: >

3
trial included no inorganic fertilisation or conventional cropping; biody namic 
preparations had positive effects on some soil microbial parameters

4 > >
DHA: >
qCO2: <

potato, w. wheat: <
grass clover: < >

compared to the beginning C
org

 was stable in 
organic and decreased in conventional

5 trial did not include soil fertility parameters so far

6
soil bulk density: <, total porosity: >, soil fungi: >; 

evaluation of soil microarthropods, PLFA >

7 >
minC: >

POM-C: >
maize, soybean: < basal respiration: >, mineralizable N: >

8
no treatments comparable to the other trials, interesting effects of rotation, 
mainly catch crops

9 > > DHA: >
spring wheat: =, po tato: 
< =, w. rye: <

POM light fraction: <, heavy fraction: >, soil amino 
acids: >, wheat yield in dry years: >

10 > bulk d. : < peach yield: = stem growth of trees: = (after some years)

11
tendency of the stockless crop rotation: lower N input, decreasing soil N

t
, lower N availability, 

more weeds; 2-layer tillage vs. deep ploughing: soil N
t
 higher in 0-12 cm; little or no effect 

by tillage: average cash crop yield, soil N
min

 in autumn and spring

12
no effect of fertilization on soil chemical parameters, fungal biomass, N

min
, nitrate leaching; 

crop yield in 2004: =, triticale yield in 2005: with FYM > with green manure; interesting 
effects of landscape structure

Abbreviations: C
org

: organic carbon, C
mic

: microbial carbon, DHA: dehydrogenase activity, qCO
2
: metabo-

lic quotient, PLFA: phospholipid fatty acids, minC: mineralisable C, POM-C: particulate organic matter 
carbon, bulk d.: bulk density, N

min
, mineral N, FYM: farmyard manure
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respect to input intensity, type of organic method or role of legume cultivation. Specifi c aspects of 
biodynamic farming (the preparations) were included in two experiments (3, 9). The role of animal 
husbandry in a farm - i.e. fertilisation treatments without farmyard manure, different options for using 
legumes in an organic system, testing conventional systems with/without animals - was considered 
in very many experiments (2, 4, 5, 6, 8, 9, 11, 12). This may be interpreted as an indication that 
farm structure is an important issue for all methods of agriculture. However, it also indicates that 
organic farming is likely to adopt conventional ways of farm specialisation.

Nutrient management was the other important area of experimentation underlining the fact that 
fertilisation is considered to be a central tool for soil and crop development in organic systems. In 
this fi eld too, the treatments cover a wide spectrum of different organic materials, including partly 
on-farm components, and partly recycled wastes which may indicate that the concept of an organic 
farm is becoming more fl exible.

In all fertililsation trials where comparisons were possible, (Table 2), the organic and inorganic 
treatments differed in soil biological properties with respect to organic carbon (2, 4, 7, 9, 10), 
microbial carbon (4, 9), dehydrogenase activity (4, 9) and particulate organic matter (7, 9). 
Furthermore, a higher level of (7) or equivalent (4) basal respiration, a lower bulk density (6, 
10), a higher total porosity (6) and greater soil fungal abundance (6) was observed in the organic 
treatments. No difference in soil fungal biomass was determined in one of the younger trials (12). 
For future comparisons, it is proposed that a more harmonised set of parameters and methods will 
be used in order to enable a better and more comprehensive evaluation of trials and sites, and to 
identify parameters relevant to soil key functions. Further experiments will need to be included.

Yields of most crops were lower in organic treatments (1, 2, 4, 7, 9). No difference was observed 
with soybean (2), spring wheat (9), peach trees (10), and, if the biodynamic preparations were 
applied, with potatoes (9). The product quality of sunfl ower, sugar beet and maize, expressed by 
contents, was comparable or sometimes even better in the organic treatments (1, 2). When evaluating 
the yield data of a longer period of years and taking environmental (growth) conditions of the 
respective years into account, it was observed that under poor (dry) growth conditions organically 
cultivated maize (2) and manure fertilised spring wheat (9) yielded higher than the conventional 
or inorganic treatments, respectively. Obviously, the organic treatments were more effi cient 
under restricted conditions. This phenomenon may be an important factor that contributes to the 
sustainability of organic systems. Determination of different yield potentials is only possible with 
multi-year data sets from experiments with constant treat ments.

It is important to consider other advantages and disadvantages of long-term experiments when 
discussing the role that they can play in contributing to the development of farming systems. 
Such trials are relatively costly, as they make signifi cant  use of labour and equip ment for many 
years. Strictly carried out, they are less fl exible in integrating new treatments or reacting to new 
developments in agriculture or society. To reveal long-term effects sometimes a long period of 
thorough investigation is required; the researcher who sows does not always share in harvest.

The researchers whose trials are reported here and many other colleagues in additional countries 
are working to optimise the benefi ts of and to manage the problems associated with their experiments 
by means of an intensifi ed exchange and a closer co-operation as members of the working group 
for long-term experiments under the roof of ISOFAR (Inter national Society of Organic Agriculture 
Research; www.isofar.org/sections/wg-long-term-experiments.html).
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Dry matter yields and quality of organic lupin and lupin/cereal 

mixtures for wholecrop forage

By W M AZO1, G P F LANE1, N C CANNON1 & W P DAVIES1

1Royal Agricultural College Cirencester, GL7 6JS, Uk

Summary

  In view of climate change predictions and the general desirability of increasing 
the amount of home grown protein, a case exists for the investigation of lupins and 
lupin/cereal bicrop combinations as wholecrop forage on organic farms. A replicated 
randomised block trial is described which took place at the Royal Agricultural College, 
Cirencester, in 2005. This involved spring sown blue, white and yellow lupins, millet, 
wheat and triticale and lupin/cereal bi-crops. Data for dry matter yields for wholecrop 
silage, crude protein, MAD fi bre content and estimated ME, are presented for a single 
harvest. It is concluded that white lupins and white lupin bi-crops with spring wheat 
or triticale offer the best prospects for a viable wholecrop forage crop in an organic 
situation.

Key words: Bi-crop, organic, wholecrop, spring-sown lupins, lupin/cereal mixtures

Introduction

  Livestock production requires a continuous supply of quality herbage. The main feed produced 
for livestock in the UK is grass (Sheldrick, 2000) with a substantial increase in the amount of 
cereals utilized for forage since the early 90s (Phipps, 1994). Furthermore, climate change predic-
tions (e.g. Hopkins, 2002) suggest an increase in a move to “non-grass forage”, in particular 
in areas subjected to summer droughts. Limitations on the growth of forage maize, particularly 
on organic farms, and its defi ciency in protein, may encourage further the popularity of cereal / 
legume mixtures. The high cost of imported (GM free) vegetable protein adds further interest to 
this topic.
  Under organic conditions and on suitable soils, lupins offer an opportunity for the production 
of high protein forage, whilst at the same time providing some fertility in the form of nitrogen 
fi xation (Hall et al., 2003). In their unprocessed forms, lupins have many desirable characteristics 
for feeding livestock. These benefi ts have been shown in a wide range of situations (Froidmont 
& Bartiaux-Thill, 2003). Yet like most legume crops the spatial variation and inconsistent 
performance of lupin remains a major challenge, which restricts the confi dence of farmers in lupin 
based systems. If reliability on forage lupin is to be improved or extended, an in-depth knowledge 
of their performances and the most effi cient way of production and utilisation is required. 
  Bi-cropping offers an effi cient use of land, time and space in livestock production systems. The 
ability of farmers to grow two crops on the same piece of land and in the same growing season 
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make legume / cereal bi-cropping well suited to sustainable livestock production (Kwabiah, 2004). 
In South Africa, lupins mixed with oats or wheat produced 20% more combined dry matter yield 
than when each crop was grown separately (Nel, 1965). Hassan et al. (1986) found that an oat / 
lupin bicrop yielded more dry matter and crude protein per hectare than monocrop oats. In Europe 
lupin / cereal bicrops have shown similar advantages (Chapot, 1990; Palmason et al., 1992), but 
Jannasch & Martin (1999) reported that lupin and oat or wheat bicrops yielded less than their 
respective monocrops and Carruthers et al. (2000) showed that lupin was a poor competitor with 
corn (maize) in an intercrop. The dearth of information on the potential of lupins or lupin / cereal 
mixtures on organic farms warrants their study as an alternative organic forage crop for the UK. 
The objective of this study was to determine optimum combinations of lupins and spring sown 
cereals for wholecrop forage in an organic situation.

Materials and Methods

  A fi eld trial was undertaken on organic land at the RAC’s Harnhill Manor Farm near Cirencester 
during the spring cropping season in 2005. Soil pH was 6.8 and some weed control was achieved 
by a stale seedbed technique and delayed drilling. Weather conditions in the spring of 2005 cre-
ated conditions that delayed spring drilling for between 2 and 3 weeks. The trial was conducted 
using a randomised block design with four replicates. Mono-crops and bi-crop combinations were 
established of three species of lupins; Lupinus albus, cv. Dieta, Lupinus angustifolius, cv. Bora 
and Lupinus luteus, cv. Amber and cultivars of three species of cereals; Wheat (Triticum aesti-
vum, cv. Paragon), Millet (Pennesitum americanum, cv. Mammoth) and Triticale (Triticosecale 
Wittmark., cv. Logo). The crops were drilled on 25 April and whole-crop harvested from quadrats 
of 50 cm × 50 cm on 17 August 2005. At harvest the lupins were in the pod ripening stage (white 
lupin had seeds fi lling 75% of space between septa while the yellow and blue lupins pods were 
turning khaki in colour) and the cereals were at the soft dough stage. Fresh weights were taken 
to determine total biomass and samples oven dried at 100oC for 24 h. Dried samples were then 
sub-sampled and milled to pass through a 0.1 mm sieve and saved for chemical analysis. Samples 
were analysed for crude protein, modifi ed acid detergent (MAD) fi bre and ether extract, using the 
procedures and methods of the Association of Analytical Chemists (AOAC, 1980). ANOVA was 
completed using GenStat 7th edition.

Results

Table 1. Dry matter yields of spring sown lupins, cereals and lupin / cereal bi-crops

                                               

Mono-crops Bi-crops
DM yield t ha-1 DM yield t ha-1

Yellow lupin cv. Amber 6.41bc Amber / Mammoth 6.22bc

Blue lupin cv. Bora 5.71b Amber / Paragon 8.9cde

White lupin cv. Dieta 9.61def Amber / Logo 10.14def

Bora / Mammoth 7.63bcd

Millet cv. Mammoth 2.50a Bora / Paragon 6.92bc

Spring wheat cv. Paragon 10.10def Bora / Logo 10.09def

Spring triticale cv.Logo 11.75fg Dieta / Mammoth 8.55cde

Dieta / Paragon 11.23efg

Dieta / Logo 13.43g

LSD (P < 0.05) = 2.70
                                                     SED              =1.34
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Values within the table followed by the same letter superscript are not signifi cantly different.
  The dry matter yield of the forages is shown in Table 1. Mammoth millet established very slowly 
and yielded poorly as a monocrop. Bicrops of yellow and blue lupins with wheat and triticale ap-
peared to yield better than lupins grown alone but less well than the respective cereal monocrops. 
Signifi cant differences can be seen from Table 1. White lupins and white lupin combinations with 
spring wheat or triticale gave the best dry matter yields.

Table 2. Crude protein (CP) modifi ed acid detergent fi bre (MADF) and estimated metabolisable 
energy (ME) content of spring sown lupins, cereals and lupin / cereal bicrops

  
Crude protein and MAD fi bre analysis results are shown in Table 2. ME was estimated from 
information contained in AFRC (1993) but in view of the lack of standards for this type of crop the 
fi gures should be treated with caution. Mono-crop lupins had the highest crude protein contents 
and the most successful bicrop combination was that of Dieta white lupins that achieved moder-
ately good protein levels and a reasonably high ME value.

Discussion and Conclusions

  Bi-cropping lupins with cereals was successful in an organic situation and gave worthwhile 
yields of forage. Yield improvements over mono-crops were small and not always signifi cant but 
improvements in protein content were substantial and statistically signifi cant. The combination 
of Dieta white lupin with Paragon spring wheat appeared to be the most successful interms of 
dry matter yield and crude protein content. Mammoth millet was not apparently successful in 
this situation but was seen to offer worthwhile competition with weeds in the under-storey of 
these organic crops. MAD fi bre analysis and estimates of ME indicated a reasonably satisfactory 
outcome in terms of the energy value of the forage, although it is stressed that such estimates 
should be treated with caution in view of the lack of available standards for comparison. It is 
concluded that Dieta white lupins and spring wheat or spring triticale offer the best prospects for 
a viable wholecrop forage crop in an organic situation. 

CP g kgDM-1 MADF g kgDM-1
Estimated ME *
MJ kgDM-1

Yellow lupin cv. Amber 172.46 343.70 9.36
Blue lupin cv. Bora 202.39 301.18 10.17
White lupin cv. Dieta 172.72 277.43 10.62
Millet cv. Mammoth 90.12 277.40 10.62
Spring wheat cv. Paragon 83.19 263.83 10.87
Spring triticale cv.Logo 80.85 287.08 10.43
Amber / Mammoth 120.06 290.20 10.38
Amber / Paragon 125.25 281.78 10.53
Amber / Logo 130.65 298.50 10.22
Bora / Mammoth 185.85 286.33 10.45
Bora / Paragon 142.78 269.70 10.76
Bora / Logo 103.05 279.63 10.58
Dieta / Mammoth 155.30 339.25 9.45
Dieta / Paragon 152.25 274.83 10.67
Dieta / Logo 112.87 284.33 10.49
LSD (P<0.05) 0.37 0.13
s.ed 0.19 0.06

*AFRC (1993)
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The challenges and potential benefi ts of perennial organic cropping 

systems-example of organic top fruit

By C FIRTH1, S CUBISON1  & J CROSS2 

1HDRA, Ryton Organic Gardens, Coventry, CV8 3LG, England
2 EMR, East Malling, Kent, ME19 6BJ, England

Summary

  Of all the organic food sectors in the UK, top fruit production is one of the least 
developed. Despite strong consumer demand and high prices for organic fruit, UK 
production remains small and 90% of supplies are imported. Current methods of 
production are unsatisfactory with low yields and erratic quality, with resulting variable 
economic performance. Pest and disease problems are one of the main reasons for this 
poor performance, with current varieties being unable to provide suffi cient resistance. 
New varieties and an improved pest and disease management programme, identifi ed as 
part of a HORTLINK project, offer new hope to the sector.  There are now opportunities 
for the sector to grow and provide greater UK supplies of top fruit, in addition to widening 
the proven benefi ts to biodiversity of organic orchards. 

Key words: Organic, apples, pears, varieties, economics, biodiversity
  

Introduction 

  Without the ability to rotate crops, the commercial growing of organic perennial crops represents 
a challenge. Despite the rapid growth in demand for organic top fruit (apples, pears, etc) the 
UK supply base remains relatively undeveloped and the majority of fruit is imported. Organic 
fruit growers have been hampered by lack of suitable varieties and the ability to control pest 
and diseases, which make it diffi cult to achieve acceptable fruit quality. Other challenges are 
weed control and providing suffi cient nutrients to sustain regular cropping. As perennial cropping 
systems, with fruit trees in situ for 15–30 years, there is no ability to rely on crop rotation, which is 
central to maintaining soil fertility, and controlling pests, diseases and weeds in most other organic 
cropping systems. Yet these cropping systems have potential to provide a greater quantity of UK 
supplied fruit and give signifi cant biodiversity benefi ts. This paper will examine recent research 
conducted by Henry Doubleday Research Association (HDRA) and East Malling Research (EMR) 
to address some of these issues.

Methods

  EMR and HDRA have jointly undertaken a DEFRA funded Horticultural LINK project from 
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2000-2005, with two major objectives: fi rstly to develop an effective integrated pest and disease 
management programme and secondly to identify varieties suitable for organic production. For 
the fi rst objective; two fi eld scale experiments were conducted on two organic top fruit farms, one 
in an orchard of a disease susceptible variety (Fiesta), which had converted from conventional 
production, and secondly on a farm with a newly planted orchard of chosen pest and disease 
resistant varieties (Topaz and Pinova). For the second objective over 150 varieties, including ones 
grown in other European countries, were screened for known pest and disease resistance. From 
this, 20 promising varieties were short-listed and planted out in a new orchard for further evalu-
ations, including consumer acceptance. Using some of these orchards, an arthropod biodiversity 
survey was conducted in 2002 and comparisons made with conventional and unsprayed orchards. 
Aspects examined included species diversity, abundance, structure and composition. Methods 
used were beat sampling, yellow sticky and pitfall traps. Finally, a survey into the economics of 
top fruit production was conducted from 2001–2003 harvest years, collecting detailed information 
from a group of specialist organic top fruit farms. Economic data was collected according to 
Farm Business Survey techniques, and presented as net crop margins on a full cost accounting 
approach. 

Results

Characteristics of the UK top fruit industry and the market
  In the UK, organic top fruit is one of the few areas within the overall top fruit industry that has 
enjoyed expansion, albeit on a small scale, against a background of decline in overall orchard 
area. It is estimated that there has been a loss of 70% of UK conventional orchards in the last 50 
years. The total area of conventional and organic top fruit orchards is 16,894 hectares (Defra, 
2005); the organic area of 1244 ha represents 7% of this.
  In 2006 the market for organic top fruit, with an estimated retail value of £67 million and at a 
7% share, is one of the largest organic product groups in the organic market. In 2005 a total of 
1244 hectares of organic top fruit were grown in the UK, with an estimated 6531 tonnes of fruit 
produced with a retail value of £9.7 million. Apples account for 92% of the organic top fruit 
produced in the UK (Table 1). This accounts for 10% of the market for organic top fruit, with the 
remainder being imported. This compares with 21% for conventional apples and pears (Defra, 
2005). Therefore, the UK produces only a small share of the total market, with the majority being 
imported from other parts of the world, such as other parts of Europe, the USA, New Zealand and 
South America.

Table 1. Breakdown of UK organic top fruit area, tonnes and farm gate value, 2005/06
 

Area (ha) Tonnes Farm gate value (£)
Dessert apples
Cider and processing apples
Pears
Cherries
Plums
Other

396
674
111
20
30
20

1950
4038
333
60
90
60

2,030,000
1,279,800
366,000
217,500
241,000
174,000

Total top fruit 1244 6531 3,872,400

  The area of organic top fruit in the UK has grown by 38% per annum over the past six years 
rising from 380 ha in 1999 to 1244 ha in 2005 (Fig. 1), with the most rapid increase occurring 
during 2001−2003. This followed the increased of the rate payment for conversion from £250 to 
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£450 ha-1, in 1999 under the Organic Farming Scheme. The greatest increase in area grown has 
come from cider and processing apples, where there has been much encouragement to convert to 
organic production from the processing industry.  
  Although demand for organic fruit increased in the 1990s, the rate of conversion of UK growers 
to organic top fruit production was relatively slow. There were a number of reasons for this. 
Firstly, the high costs of conversion to organic production, estimated to be £6,800 ha-1 over 3 years 
for the conversion of an existing orchard and over £10,000 ha-1 for establishing a new orchard 
(HDRA, 2006). Even the higher rates of conversion payments of £1860 ha-1 introduced in 2004, 
will make little contribution to these. Secondly, there was a lack of technical knowledge and 
advice, particularly in relation to control of pests and diseases. This made it diffi cult for growers 
to achieve the high cosmetic requirements for fruit destined for sale through the supermarkets. 
Thirdly, many of the varieties widely grown by conventional growers were unsuitable for organic 
production. There was also insuffi cient knowledge on other varieties, which may have been more 
suitable. These obstacles have combined to constrain the growth of conversion to organic produc-
tion. 

Fig. 1: Area of organic top fruit 1999–2005 in the UK.

Improved varieties and integrated pest and disease management
  Research in the HORTLINK project has developed improved approaches to reduce the damaging 
effects of diseases such as scab and mildew, and pests such as apple blossom weevil. These 
improvements have largely been through the use of improved cultural methods, and better timing 
and rates of permitted plant protection products such as copper, sulphur, and pyrethrum.  However, 
the use of copper is now being restricted and under organic standards is likely to be withdrawn 
in the future. Also, many of the other products can only offer partial control of some pests and 
diseases and therefore long-term solutions will only come through the use of disease resistant 
varieties, which are less susceptible. 
  Over 150 potential apple varieties were identifi ed for their suitability for organic production 
through literature, expert knowledge of scientists and those in the industry both in the UK and 
the Europe. A short-list of 29 were planted out in an orchard for further evaluation under organic 
growing conditions where agronomic assessments of pest and disease resistance, tree habit and 
vigour, bloom density and yield were recorded. Selection criteria for varieties were a good balance 
of fruit quality characteristics (colour, shape, fi rmness, juiciness and taste-suitable for supermarket 
sales), resistance or tolerance to scab and mildew, no great sensitivity to important pests and 
pathogens such as canker, ability to yield precociously, productively and consistently with well 
sized fruit (> 60 mm) and suitable for short and long term storage.  Finally, after completing a 
large-scale consumer acceptance test with the major retailers Sainsbury’s and Waitrose, a list of 
fi ve dessert, four culinary and two juicing varieties were recommended to UK organic growers. 
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Table 2. HORTLINK project (HL0150LOF) recommended varieties for organic production

Variety Harvest time
Dessert

Culinary

Juicing

Ceeval
Rajka, Resi, Rubinola
Rubinstep
Edward VII, Encore
Howgate Wonder, Pikant
Red Falstaff/Fiesta

Early season
Mid season
Mid-late season
Late season

Mid season

Arthropod biodiversity
    The main conclusions from the survey were that: a total of 345 Arthropod species were identifi ed; 
for both araneae (spiders) and heteroptera (bugs), the organic and untreated orchards contained a 
greater abundance and greater diversity of species than the conventional one. There was a strong 
interaction between the canopy and herb layer for the spiders, and nine species of bugs and fi ve of 
spiders were identifi ed as potentially important natural enemies.

Economics of production
  The on-farm economics of top fruit was largely determined by the level of yields of fruit for the 
fresh market. Where fruit was processed into juice and bottled on the farm, this proved a very 
valuable way of maintaining total farm income. Prices were typically double those of conventional 
ones and relatively stable. Yield variations were caused by the UK climate, with its variable spring 
and summer weather pattern, (the weather also indirectly affected yields through its infl uence 
on pest and disease levels, especially in 2002). Many of the surveyed orchards contained a large 
proportion of varieties such as Cox, which are less suitable for organic production systems. Only 
20% of the varieties in the survey farms had been specifi cally planted for organic purposes. 
  Across the various farms, costs were fairly similar. The largest proportion of costs was for 
marketing (30%) and overhead costs (44%). Top fruit growing is very labour intensive and labour 
accounted for 30% of on-farm costs. Average net margins for apples (£455 ha-1, 5 p kg-1) gave 
a 7% margin over costs, and pears (£315ha-1, 5 p kg-1) 5% for the years 2001–2003. A 15% rate 
would have been regarded as very profi table. However, the averages fail to show the large range 
of results that occurred, and that during the survey 43% of the crops grown made a loss. 

Conclusions

  There is a growing market for organic top fruit, with attractive prices for UK grown organic fruit, 
which creates a potential to earn economic returns. A small number of UK top fruit growers have 
converted to organic production. Most of them have converted existing conventional orchards 
rather than replanting with more suitable organic varieties. UK organic top fruit supplies 10% of 
the market with the remainder being imported, in comparison with 21% in the conventional sector. 
A combination of factors is resulting in many farms not being able to achieve consistent marketable 
yields and economic returns. Existing returns on many farms have not provided suffi cient additional 
income to enable growers to invest in new orchards. The variability of economic returns is proving 
to be a constraint to new top fruit growers converting to organic production. Thus, the benefi ts of 
enabling more UK produce to meet consumer demand, with associated environmental benefi ts of 
fewer food miles and greater biodiversity are not being met. The key factor is that currently most 
organic orchards contain varieties, which do not perform well under organic conditions and are 
susceptible to pest and diseases, making it hard for the fruit to achieve the cosmetic requirements 
of the supermarkets. The recently completed HortLINK research project, which has identifi ed 



101

new varieties and improved pest and disease control, should help provide new opportunities for 
organic growers and pave the way for increased production of homegrown organic fruit. 
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Innovation in organic vegetable growing

By A ROSENFELD & C FIRTH 
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Summary

  Innovation is essential to allow organic vegetable growers to continue to develop in 
response to a changing market and environment. This paper examines uptake of innova-
tions amongst a group of organic vegetable growers over a period of three years. The 
study revealed that innovations in a wide range of disciplines were carried out and that 
both small and large farms were active in pioneering innovations. The drivers behind 
innovation and the various factors infl uencing uptake and implementation were varied 
and complex and are discussed here.

Key Words: Organic, vegetable, innovation, participatory, network
  

Introduction

  All businesses and farms need to innovate in order to keep moving forward and survive. A previ-
ous study (Firth et al., 2004) identifi ed that many organic growers are particularly innovative and 
that for the industry to move forward, further work was required in order to ‘capture’, evaluate and 
disseminate these innovations to a wider audience. A network of ten organic vegetable growers 
was set up as part of a DEFRA funded project (Sustainable Organic Vegetable Systems Network) 
with the aim of evaluating innovations through participatory trials with the farmers. Such an 
approach has been successful in other farming networks (Sukkel et al., 2006) and is thought to be 
particularly applicable to organic vegetable growing as many of the answers to problems require 
in-depth knowledge of the specifi c farm systems and therefore the growers themselves are likely 
to develop the most appropriate solutions. This work presents an evaluation of the innovations 
carried out by the group described previously.

Methodology and Approaches

  A number of key activities were carried out to address the aim of the project:
1. A farm development needs analysis was carried out amongst the growers. Needs were prioritised 
within the group.
2. Innovations already carried out by growers were evaluated through observation and semi struc-
tured interview.
3. Key innovations were trialled by growers in areas that were prioritised in the needs analysis. 
4. Information was disseminated through open days, leafl ets and websites

Farm development needs analysis
 Growers identifi ed needs across a wide area including soil fertility, control of pests, weeds and 
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diseases, marketing and growing new crops. However common key themes emerged which were 
popular amongst the growers. These were: use of green waste compost, use of green manures, 
using companion plants for pest control, selling to alternative markets and providing price in-
formation for organic vegetable growers. Growers expressed the need for further information on 
these topics in a ‘digestible form’, in the form of leafl ets, websites and open days.

Evaluation of innovations already carried out by growers
 A key aim was to capture innovations already carried out by growers and document them more 
fully. Innovation took place in a wide range of subject areas and these are summarised along with 
key needs, drivers and outcomes in Table 1. This showed that the drivers for carrying out innova-
tions were varied and complex. An interesting observation was that both small-scale growers and 
larger growers were active in carrying out innovations and some of the small farms demonstrated 
some of the most innovative and sometimes greater risk taking behaviour. 

Table 1. Summary of innovations carried out by growers

    
 

  Observations amongst growers showed that the way in which innovations were adopted could be 
put into one of the following categories:
1. ‘Reactive innovations’ were adopted rapidly with no form of evaluation fi rst. The drivers were 
often a disastrous performance in one season, or a change in circumstances forcing an innovation 
to be adopted rapidly.
2. ‘Development innovations’ were characterised by some form of evaluation before they were 
put into commercial practice. The main drivers for these were the need to improve current practice 
to stay ahead of the market.
3. ‘Exploratory innovations’ were new practices tried out of curiosity or because the grower felt 
he needed a challenge. 
   Some examples observed amongst the growers are presented to illustrate the way in which 
innovations were taken up. Growing new varieties was an innovation that was carried out by 
all growers during the monitoring period and showed examples of ‘development’ and ‘reactive’ 
innovation. Many growers carried out ‘development’ innovation in order to improve the varieties 
that were grown. These were carried out in the form of small variety trials. The extent of these 

Subject area Key needs Key drivers Outcomes
Growing new
varieties

More local information
through participative trials

Current varieties
unsatisfactory; keep ahead
of the market; forced
through lack of availability

New varieties constantly
tried and tested

Growing new crops More information on
rotational planning and
growing crops

Market demand, ‘wanted a
challenge’

Increased diversity of crops
on most farms

Marketing More information on current
farm gate prices

Change in market demand,
current market channels
(packers) becoming
financially unviable. Lack of
price information

Supplying to new channels:
farm shop, box schemes,
public procurement; setting
up price exchange group

Pest control More information on these
techniques

Need for more cost effective
measures against pests

New measures tried:
attractant strips, sacrificial
crops, companion plants

Weed control More information on setting
up weeding machinery

Need for more cost effective
weed control measures

Developed new weeding
machinery, new planting
techniques (sweetcorn sown
in modules)

Soil fertility More information on use of
green waste compost,
fertility building crops and
green manures

Increased difficulty in
sourcing local animal
manure

Tried green waste compost,
new fertility building crops
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varied from ‘sticking a few plants in the corner of a fi eld to see how they do’ to full scale fi eld 
trials. Examples of larger scale fi eld trials were observed on both smaller and larger farms, and 
attitude of the farmer was important in determining how an innovation was adopted. 
 ‘Reactive innovation’ was observed frequently amongst growers in adopting new varieties. Again 
attitude of the grower was important. More impulsive growers would switch varieties wholesale 
following the poor performance of one variety in a certain season. Often, this change was initiated 
by the grower feeling the need to change something in response to the poor performance. The other 
driver observed for ‘reactive innovation’, which was particularly common to organic systems, was 
lack of availability of varieties, due to none being available as non-chemically treated seed. 
 Examples of ‘exploratory innovation’ were less common. One grower on one of the smaller farms 
grew organic asparagus for the fi rst time. This constituted a considerable risk as it is a crop that 
is diffi cult to grow organically and requires a two-year lead in period before any produce can be 
sold. Although it was driven partly by the fact that there was a market demand, the grower stated 
that his primary reason for growing it was ‘he wanted a challenge’. On this particular farm, the 
grower had the fewest technical problems with vegetable growing amongst the group of growers 
surveyed. It is therefore likely that this particular grower felt the additional need for a challenge 
in order to gain job satisfaction. 

Trialling innovations with growers
 The outcomes of three innovations trialled with farmers are discussed briefl y below. A dual 
approach was taken with participatory farmer trials set up to evaluate the practical aspects and 
more conventional trials evaluating the details at the fi eld station at Ryton.

Evaluating module sown companion plants against cabbage root fl y
 The idea of using module sown companion plants against cabbage root fl y came from a plant 
raiser, who used theory based on work carried out on insect behaviour by Finch and Collier 
(2003). The effectiveness of the technique was evaluated in a replicated trial at the fi eld station 
at Ryton and the practicalities were evaluated on four commercial farms. The replicated trial 
revealed that the method showed great potential as egg laying by the pest was decreased by up 
to 48%. However participatory farm trials showed that in commercial practice, companion plants 
were vulnerable to damage by the steerage hoe. Further work is now being done in another project 
to refi ne this technique. Full details are published in Rosenfeld et al. (2006).

Using attractant plants to increase numbers of benefi cial insects in crops
 This was driven by the need to fi nd methods of controlling pests without using interventionist 
measures such as soaps, which can adversely affect predator populations. Detailed trials at Ryton 
and amongst 179 HDRA members recorded insect visitations and showed that although phacelia 
was easy to manage and fl owered for a long time, other species (corn marigold, coriander and 
fennel) were more effective at attracting benefi cial insects during their fl owering period. Growers 
on commercial farms also reported that strips of umbelliferous species were highly effective at 
attracting benefi cial insects. Further details are in Sievwright et al. (2006).

Price exchange group
 In 2005 a system of exchanging prices amongst the network growers was set up as a pilot study. 
This was in response to some growers, particularly those on smaller farms, not having suffi cient 
information as guidelines for setting prices. Growers emailed, faxed or phoned in their prices 
on a fi xed day and these were collated and averages and ranges were sent out the following day. 
Prices of organic vegetables in supermarkets and wholesalers were also presented to provide a 
comparison. The exercise was extremely popular with all growers in the group expressing their 
wish for the group to continue beyond the project. Key outcomes would be to allow growers to 
track price trends, set production budgets and benchmark the prices they obtain.
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Dissemination activities
 A number of dissemination activities were carried out to satisfy the need for more information 
in a digestible form. Open days were carried out on a wide range of subjects and information on 
innovations was also put on a website (www.organicveg.org.uk). It was noted that most farms 
were willing to share knowledge on innovation. The only exceptions were situations where a few 
large farms dominated the market for a crop, so that information that gave a farm the competitive 
edge was considered highly sensitive.

Discussion

 The study revealed that uptake of innovations was governed by numerous factors. Adoption of 
innovations have often been described using an innovation / diffusion model where ‘pioneer’ 
farms adopt a technique fi rst and this is then taken up by other growers in the community (‘early’ 
and ‘late’ adopters) (Padel, 2001).  Even within this small group of organic growers, a diverse 
range of attitudes to innovations were observed with growers displaying the characteristics of 
pioneers, early and late adopters. Interestingly, farm size did not appear to be a highly important 
factor as both large farms and small farms were active in taking up innovations, with some of the 
small farms showing some of the most pioneering, risk-taking behaviour. This is contrary to work 
by Rogers (1983) who suggested that larger farms may be more active in taking up innovations. 
The extent to which innovations may diffuse into the community may be limited by a number of 
factors. In many areas of the UK, organic farms are still relatively isolated and the geographical 
spread may be a hindrance to diffusion of information. Also the small size of the market means 
that often, only a few large farms dominate the packing market for some crops. This makes the 
market far more competitive than the conventional market and diffusion of information through 
knowledge sharing may be less likely to happen in this circumstance.
 Similar networks in other countries have adopted a participatory approach in order to promote 
innovation (Sukkel et al., 2006). The BIOM network has operated with over 40 farms in the 
Netherlands and has been successful in promoting a number of innovations. The participatory 
approach to trialling innovations showed a number of strengths and weaknesses. Its key strengths 
were: it was more relevant to real farm situations; it incorporated farmer and local knowledge; 
information reached the farmer directly. Its main weakness was that it was less easy to control and 
less detailed measurements could be taken. Consequently, for a number of trials, it was found that 
a dual approach using both a controlled replicated trial and participatory trials with growers was 
a highly effective method of evaluating innovations. 
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Summary

  Despite the large amount information on weed biology and specifi c weed control 
measures produced by researchers, organic farmers still prioritise weeds as an important 
area for further research. A recent project investigating weed management in organic 
farming systems has established that knowledge and learning are key requirements for 
this to be effective. Development of relevant, practically useful knowledge depends on 
access to information generated ‘scientifi cally’ by researchers and also to knowledge 
generated as a result of farmer experience with weeds. This requires that farmers, 
advisors and researchers take a participatory approach to collecting and processing 
information on weed management, using it to develop new and relevant knowledge. The 
appropriate framework for knowledge development is thus a collegiate one in which 
all stakeholders’ value and learn from the observations and experience of others. These 
fi ndings have implications for the way in which research is conducted and funded.

Key words: Organic, weed management, knowledge development, participatory 
research

Context for Research into Organic Weed Management

  Attaining relevant outputs from organic research programmes, as well as a clear purpose for un-
dertaking them, requires an understanding of the context in which the research will be conducted 
and an appreciation of who will benefi t and in what way. Over the course of a recent Defra funded 
project (OF0315) on weed management in organic farming systems the various participants 
(mainly farmers, growers, advisors and researchers) have sought to establish common ground 
from which weed management can be viewed and tackled in organic systems (see also a series of 
papers presented on the subject by Davies & Turner, 2004; Davies & Rosenfeld, 2004; Davies et 
al., 2005; Davies et al., 2006). A précis of this current understanding is presented below:
- weeds have a direct impact on desired farm system outcomes (e.g. on yield, on fi nancial returns,       
on farmer well being, etc.)
- all farmers manage weeds (or ‘unwanted’ vegetation)
- organic farms are complex systems (with many different rotations, enterprises, market systems, 
and values depending on socio-economic and environmental context)
- weeds are just one aspect of the farm ecology and socio-economics (but an important one! Most 
farmers have low tolerance of at least some weed types or species but other stakeholders value 
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them for their biodiversity value)
- weed management technologies and techniques underlie many farm operations (but are not 
always the only factors taken into consideration)
- a deep understanding of any specifi c weed situation depends on many factors at fi eld level (e.g. 
fi eld history, crop, weather), at farm level (e.g. size, enterprises, location), and at regional level 
(e.g. markets, policy, environment)
   As a result of this narrative it is clear that effective weed management in organic farming 
systems will depend on a large number of contingent factors, some of which the farmer will 
be able to control, but a large number of which will be outside their direct control. In addition, 
useful answers to farmer’s weed management questions are likely to be very situation specifi c and 
dependent on farm context. 
  In contrast, researchers (and to some extent organic advisors) generally formulate very specifi c 
research questions and then undertake detailed replicated trials of limited scope, which are 
statistically evaluated, to give overarching ‘recommendations’ of very general applicability. 
Such trials are not likely to provide farmers with enough detail to satisfy their requirements. This 
difference might go some way to explaining why, after a considerable research investment over 
many years, farmers still prioritise weeds and weed management as important research topic 
even though research funders have generally pulled back from funding basic weed research, an 
indication that they perceive the topic has, in some sense, been suffi ciently covered. 

Participatory weed research
  Based on experience in the weed management project we propose a more farmer centred view 
of weed research as likely to be more effective in meeting the needs of farmers when considering 
weed management. Experience during the project has shown that organic weed management is 
about learning for improving complex situations (see above). A developing narrative during the 
project has been that:
- no farmers (or advisors or researchers) think that they have all the answers 
- effective organic weed management is likely to need an integrated systems approach and a range        
of approaches will work best over period of time. In practical terms it will necessarily be a mixture 
of longer term planning (e.g. rotations, crop variety choice) combined with short term reactive or 
direct measures (e.g. harrowing, fl ame weeding).
- a consequence of the complex circumstances surrounding weed management practices is that 
farmers are constantly seeking new knowledge on weeds to incorporate into their weed manage-
ment strategies and constantly adapt and try out different weed management techniques (i.e. they 
engage in research in its widest meaning)
- researchers and advisors are best used to support this on-going process either in facilitating 
information exchange, providing specifi c information where necessary or helping to place on-
going farmer research on a more ‘scientifi c’ basis
  Farmers generally carry out a lot of their own ‘generic research’, some of which has been 
documented as part of the project process. Farmers seek information on weeds (especially 
succinctly written information and press articles), they are especially interested in how other 
farmers are managing weeds (farm walks, farmer groups) and undertake a great deal of informal 
experimentation with weed management techniques and methods in their own fi elds (trialling to 
see what works). Weed management strategies on their farms are the outcome of this experiential 
learning process; usually practical weed management methods, applicable in specifi c situations 
and not ‘formally’ evaluated.
  The project has therefore sought to place farmers and their experiences with weed management at 
the centre of the development process and to draw in organic advisors and researchers to provide 
additional knowledge where required. The aim has been to allow farmers and growers to develop 
practical weed management techniques that are adapted to their specifi c farm situations. In this 
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context the results of detailed scientifi c trials and botanical observations are one element of a large 
pool of knowledge on which farmers can draw on to make decisions about weed management. 

Processes for organic weed research
  The central theme for any future organic weed management projects should be to reconcile the 
two predominant strands of knowledge development as defi ned in the project narrative; that is 
farmer experiential knowledge and researcher scientifi c knowledge. It is towards this end that 
many of the current project resources have been devoted rather than developing technological 
fi xes to particular problems.  In short, the project process has developed a participatory approach 
and has tried to construct a learning collegiate framework in which all perspectives on weed 
management are valued. The various approaches taken to try and do this have been:
- development of an open website and database: an extensive literature review on weeds and weed 
management, largely carried out by scientists, has been made freely available to all stakeholders 
through a website (www.organicweeds.org.uk). The database is fl exible enough to allow for the 
input of farmer and advisor knowledge and experience, which can be set alongside the scientifi c 
knowledge in order to make the information more relevant and the site is therefore a database of 
current information and knowledge on organic weed management practice in the UK.
- development of case studies: specifi c weed management stories from working farms have been 
elaborated and are available for critical analysis. They are a unique source of farmer knowledge 
and experiential learning which allow farmers to share knowledge and provide a learning oppor-
tunity for converters and young farmers. All are available on the website alongside the database 
on weed information.
- farm walks and open days: interactive meetings have been organised on specifi c topics and used 
to discuss and develop knowledge (e.g. farm walks focusing on dock management, annual weed 
management in arable systems). They have proved an invaluable opportunity for mixed groups of 
farmers, advisors and researchers to exchange ideas and experiences. Special attempts were made 
to capture ‘farmer stories’ at these shared fi eld experiences and these are available through the 
reports on the website. 
- talks, discussions, meetings, focus groups and workshops: the project has helped facilitate of 
large number of organised talks, farmer discussions (often with fi eld walks), meetings and work-
shops themed by weed, farm type or crop depending on requests.  Many of these were for existing 
farmer groups but the project also helped facilitate focus groups of researchers, advisors and farm-
ers, which evaluated and refl ected on the main project themes, ensuring that the project remained 
relevant to the concerns of farmers. An annual stakeholder meeting was held to which farmers and 
advisors were invited and asked to explore weed issues and refl ect on the project progress.
- on-farm trials and surveys: the project has facilitated a number of on-farm trial themes and 
surveys for farmers and/or farmer groups (themed by weed, topic or crop). Some of the work has 
provided valuable information where researchers were able to help monitor the effect of weed 
management practices over a period of time.
- fl exibility in producing other outputs: outputs have included bulletins, leafl ets, press articles and   
conference papers according to demand. They have mainly been aimed at improving communica-
tions, diffusing information and refl ecting on project achievements.
  The various methods employed by the project have generally been effective in allowing individual 
participating farmers to refl ect and act to resolve specifi c weed management situations.  However 
it is clear that not all methods suit all actors and that it is important to have a range of different ap-
proaches to sharing information that allow all stakeholders to participate. A more critical analysis 
and refl ection on the project process is provided by Davies et al. (2006). 

Implications for weed research projects
  Actual weed management practice in organic farming systems will depend on a large number of 
contingent factors.  Research to help farmers improve weed management situations best places 
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farmers at the centre of the process. This demands a reorientation of the conventional roles of 
advisors and researchers to facilitate information exchange in a fl exible format and to help farmers 
develop knowledge in a manner that provides them with appropriate information or solutions. 
Such a research system aims at combining farmer, advisor and researcher knowledge for more 
effective weed management options, rather than generating new basic ‘scientifi c’ knowledge (as 
traditionally perceived), which is of limited use to farmers. Other stakeholders, such as funders, 
may also need to adjust their expectations of what researchers deliver to end users as part of 
scientifi c projects.
  Central to this approach is the sharing of information between stakeholders on an equitable basis. 
Whilst it has been possible to fund the current project it has also become apparent that the nature 
of the project, an open-ended enquiry into weed management, does not fi t easily within existing 
funding structures which tend to demand fi xed length projects delivering scientifi cally ‘robust’ 
outputs. Future work will require fl exibility on behalf of funders, researchers and farmers. 
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Abstract

  Mediterranean climatic conditions for stone fruit production are good but soil fertility is low, 
mainly due to low (< 2.0%) soil organic matter (OM). Consequently, conventional growers apply 
high fertiliser rates (typically ~350 Kg N ha-1 yr-1). Our main objectives were to compare the 
effects of 2 modes of nitrogen nutrition, suitable for organically-certifi ed orchard vs a conventional 
control on tree development, yield, and some soil chemical, physical and biological properties. 
The orchard is located on a Grumosol soil, in the Jezreel Valley, Israel and is treated organically in 
terms of plant protection and weed control. The orchard was planted to peach, plums and nectarines 
in 1998, all grafted onto rootstock CV. 677. The tested treatments were: A. conventional control, 
receiving an average of 350 Kg N ha-1 yr-1; B. fertilization using cattle manure compost (40 m3 
ha-1 yr-1) + feather meal (1 tonne ha-1 yr-1); and C. a combination of the same amount of compost 
+  500 Kg feather meal ha-1 yr-1 + leguminous cover crop (Alfalfa, Medicago sativa cv. Gilboa). 
The cover crop was mowed 7–8 times per year. There were fi ve replicates per treatment, of nine 
trees per replicate and the experiment was arranged in a randomised block design. The experiment 
lasted 6 years. 
  OM content of the native soil (5–30 cm) was 1.8–2.0%. By 2003 the OM content of the 
conventional control treatment remained stable; that of treatment B increased by 36% while that 
of treatment C increased by 91%. This change was refl ected in a clear and statistically signifi cant 
change in soil’s bulk density values which were 0.80, 0.73 and 0.71 gr cm3 for treatments A, B and 
C, respectively. At the beginning of the experiment levels of soil nitrate, phosphate and potassium 
ions were somewhat lower in treatments B and C than those in A but they became consistently 
higher after 2–3 years. The levels of these ions in the 30–60 cm soil layer followed the same trend 
at a 1–2 years lag. Nitrifi cation capacity of the soils of treatments B and C were twice as high as 
those of treatment A.   Consequently, beginning 2002 application rates of organic amendments 
were reduced. Yet, no decline in nutrients levels in the organic treatments could be detected over 
the period 2002–2004, presumably due to continued mineralisation of the OM pool. In 2004 
various soil microbial characteristics (microbial counts, fl uorescein diacetate hydrolytic activity, 
functional richness and diversity) were determined. In all these parameters the organic treatments 
showed higher levels than treatment A.  
  From the autumn of 2002 on, stem circumference are similar for all treatments and for all spe-
cies. No statistical differences could be found among the treatments in any of the tested species 
for the 3 year cumulative yields. 
  It can be concluded that once a signifi cant buildup of organic matter in the soil is occurring, or-
ganic matter application can be reduced considerably, as a signifi cant soil’s potential productivity 
has been built. 
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Summary

  The effects of various fertilizers and different compost extracts on crop health and 
tomato yield were studied in the fi eld in 2004–2005 in two locations in Iran. Treatments 
included different fertilizers (cattle, sheep and chicken manures, green-waste and house-
hold composts and chemical fertilizers) and fi ve aqueous extracts (from cattle manure, 
chicken manure, green-waste and house-hold composts and water as control). The effect 
of fertilizer type on tomato yield was signifi cant in both locations (P < 0.05). Organic 
fertilizer use did not obtain higher yields compared to using chemical fertiliser. Generally, 
chicken manure and green-waste compost led to the highest and lowest tomato yield 
among different organic fertilizers, respectively. The effect of aqueous extracts was 
not signifi cant on either crop health or tomato yield with these results were being very 
limited and inconsistent. Improved effi cacy of acceptable alternatives to agrochemicals, 
especially in organic farming, is required. 

Key words: Compost, disease, Lycopersicum esculentum, marketable yield
  

Introduction

  The problems associated with the use of hazardous chemicals for crop protection and weed 
control have received increasing attention worldwide, since pests, diseases and weeds become 
resistant to chemical pesticides and environmental pollution and ecological imbalances may 
occur. In sustainable agricultural systems, non-renewable petrochemical resources should be 
replaced by biologically-based renewable inputs (Quimby et al., 2002). The foundation of organic 
farming is a microbially active soil enriched with organic matter and a balanced mineral diet. 
Humus building practices and additions of rock minerals not only supply plant nutrients, but 
increase tolerance to insects and diseases, help control weeds, retain soil moisture, and fi nally, 
ensure produce quality (Diver et al., 1999). However, there are reports showing that using organic 
fertilizers increased development of some diseases. For example, Chauhan et al. (2000) found that 
increasing application of farm yard manure from 25 to 75 t ha-1, increased disease severity of stem 
rot (Rhizoctonia solani) in caulifl ower. 
  In many studies, application of compost extracts (compost teas), which are fi ltrated solutions 
of mixtures of compost materials and water, showed promising results on crop protection after a 
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soaking period referred to as “extraction time”. Also, organic fertilisers such as liquid pig manure, 
matured cattle manure and sugarcane husks applied directly to the soil showed promising results 
for control of some crop diseases (DeCeuster & Hoitink, 1999; Viana et al., 2000). The effects of 
compost application either as extracts to the foliage or as soil amendments on plant disease control 
may be due to direct antifungal or resistance inducing/plant strengthening effects. However, the 
mechanisms by which compost extracts work are not well known but seem to vary depending on 
the host/pathogen relationship and the mode of application. Goldstein (1998) reported that com-
posts and compost extracts activate disease resistance genes in plants. These genes are activated 
in response to the presence of a pathogen. They mobilise chemical defences against the pathogen 
invasion, although often it is too late to avoid the disease. Plants growing in compost may have 
these disease-prevention systems already running (Sullivan, 2001). Brinton et al. (1996) examined 
compost teas in relation to their development and use for controlling plant pathogenic fungi such 
as late blight in potatoes. They found that the key factors infl uencing effectiveness were the age of 
the compost (extracts from older composts were more effective than those from younger extracts), 
and the nature of its source ingredients.
  In this study, the objectives were to study the effi cacy of various organic and chemical fertilizers 
and different compost extracts from different types of compost feed-stocks, on tomato produc-
tion.  

Materials and Methods

  The study was carried out in Experimental Field Research Stations of Ferdowsi University 
of Mashhad, in two locations including Mashhad and Shiravan in Iran, during 2004–2005. The 
second year of this experiment has been started and is in the fi eld this year in the same locations. 
The experiments were designed as strip plots based on complete randomized block design with 
three replications. Treatments included different kind of fertilisers (cattle, sheep and chicken 
manures, green-waste and house-hold composts and chemical fertilisers) in main plots and fi ve 
extracts (from cattle manure, chicken manure, green-waste and house-hold composts and water as 
control) in sub plots. A deep moldboard ploughing was applied to the whole trial fi eld in autumn.
Three weeks before transplanting of tomato, six different fertilizers were applied and immediately 
after that a rotary cultivator was used. Based on the results of soil tests, 260 kg ha-1 of nitrogen and 
125 kg ha-1 phosphorus at seed bed preparation were used. Each plot contained 4 rows with 75cm 
widths and four meter lengths. Tomato seedlings (Super Quein var.) were hand-transplanted to 
the irrigated fi eld at the second week of April, after raising the seedlings for six weeks in the nurs-
ery. Hoe re-ridging was undertaken manually using a locally manufactured hoe two weeks after 
transplanting. Tomatoes  were irrigated immediately after transplanting and then every six days 
until the end of fruiting.  Composts and manures were extracted with water (1:10 W/V) 48 hours 
before using in the fi eld. The extracts were applied at the start of fl owering and at the beginning 
of tomato fruit production. During the growing season, tomatoes were regularly observed and any 
disease, pest or disorders were recorded. To determine tomato yield, 9 m2 in the middle of each 
plot was marked and during July and August, tomato fruits were picked and weighed three times. 
The data were statistically analysed (ANOVA) by applying Minitab and means were compared by 
using Tukeys Tests (P < 0.05).  

Results and Discussion 

  ANOVA results showed that the effect of fertilizer type on tomato yield was signifi cant in 
both locations (P < 0.05). Organic fertiliser use did not obtain higher yields compared to using 
chemical fertiliser (Figs 1 & 2). In general, chicken manure and green-waste compost led to the 
highest and lowest tomato yield among the different organic fertilisers, respectively. The effect 
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of aqueous extracts was not signifi cant on either crop health or tomato yield, however, extracts 
from house-hold compost seemed to produce higher yields compared to other treatments. The 
effects of aqueous extracts were very limited, inconsistent and non-signifi cant. Manure extracts 
and compost extracts did not give effective infl uences on tomato health and yield.

Fig. 1. Effect of different fertiliser and compost extracts on marketable yield of tomato in Mashhad. Each 
point represents the mean of 4 replications and error bars represent +/- SE of the mean.

Fig. 2. Effect of different fertiliser and compost extracts on marketable yield of tomato in Shiravan. Each 
point represents the mean of 4 replications and error bars represent +/- SE of the mean.
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    The achievement of consistent effects is dependent upon producing extracts that are exactly 
the same from batch to batch from an individual compost feed-stock and this is a key challenge 
(Ghorbani et al., 2005). The incorporation of organic matter such as compost in the soil may be 
a viable alternative to chemicals for crop protection, and be more effective than compost extracts 
applied to the foliage. Composts’ contribution to nitrogen fertility must also be taken into account 
because nutrient effects may infl uence the severity of pathogens (Phukan, 1993).
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Summary

  Selection of cereal varieties suited to organic farming requires a different, but 
complementary, approach to that used when developing cereals for conventional high 
input systems. Selection is based on the interaction between a series of desirable plant 
and crop characteristics, in particular competitive ability against weeds. Certain key 
characteristics that are generically desirable for organic cereal varieties include: (1) good 
establishment ability, (2) high tillering ability, (3) increasing plant height, (4) planophile 
leaf habit, (5) high leaf index and (6) robustnesses in yield performance across sites. 
Our data strongly suggest that high crop ground cover is the most important feature for 
creating a highly competitive crop that also has consistency in yield. Individual plant or 
crop traits in (1) to (5) can be used to defi ne plant growth habits. A scheme for assessing 
growth habits in new varieties is presented.

Key words: Cereals, wheat, weeds, organic farming, competitiveness 
  

Introduction

  In selecting varieties suited to organic farming it is important to consider the robustness in yield 
performance and competitive ability against weeds; this includes shading ability and effi cient early 
nutrient capture. For various reasons (e.g. lower or more variable soil fertility, later sowing dates 
and poorer establishment) organic cereals often have much lower shoot populations compared to 
cereals grown under high inputs of inorganic fertiliser and pesticides. Therefore high and consist-
ent establishment across a range of soil conditions is a particular requirement for organic varieties. 
Results from our EU funded research (Neuhoff et al., 2005) indicated that the interaction between 
a series of desirable plant and crop characteristics is important in selection for organic cereals. Our 
results strongly suggest that crop ground cover is the most important crop feature for competing 
against weeds (Davies et al., 2004). Individual plant and crop traits can be used to defi ne plant 
growth habits that confer a high degree of competitiveness and consistency in crop performance. 
A summary of our results based on organic wheat trials is presented below. 

Materials and Methods

Organic variety trials
  The methods are from our EU project on Strategies of Weed Control in Organic Farming 
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(WECOF) (Neuhoff et al., 2005). A variety trial was carried out in each of four years (2000/01 to 
2003/04) at an organic farm at Colstoun Mains Farm, Haddington, near Edinburgh. Varieties were 
supplied from four countries: Germany, Poland, Spain and UK. Each trial comprised of seven 
reference varieties used in all years (Batis, Isengrain, Malacca, Pegassos, Rialto, Riband and 
Shamrock) and a selection of between 8 to 18 other varieties (including Maris Widgeon, Marius, 
Option, Ramiro and Zyta). The trials also included a spring wheat (Chablis) and a winter oat 
(Gerald). Measurements of crop and weed growth were observed throughout the crop life cycle. 
The key measurements were based on: (1) early growth habit, including plant number, tillering 
ability and % ground cover. (2) Canopy expansion and spring/summer growth including mean leaf 
angle/orientation. Grain yield was also measured. The most important criteria applied to variety 
selection is summarised below.

Results and Discussion 

Early growth habit
  An early prostrate habit (at the start of tillering) combined with a moderate to high leaf area index 
(either through rapid leaf development or good crop establishment) was a good indicator of high 
crop competitive ability against weeds. Other competitive characteristics such as nutrient and 
water competition are suspected to play an important part, as may allelopathy, at this early stage 
(Neuhoff et al., 2005). Ground cover at early tillering was strongly correlated with weed suppres-
sion throughout the season (e.g. Richards & Davies, 1991). An erectophile habit at early tillering 
tended to require a high crop establishment to be as equally competitive as an early planophile.

High tillering capacity
  Some varieties have a relatively high shoot population because of good establishment, whilst 
others produce a higher than average number of shoots per plant – some varieties may have both 
characteristics. High tillering capacity is likely to be most important at low plant populations i.e. 
150 plants per square metre or less. The target for an organic cereal variety is to have high and 
consistent establishment across a range of soil conditions. Therefore selected varieties should be 
high tillering types to cope with adverse situations leading to delayed or poor emergence. 

Rapid early growth to stem extension
  Rapid early growth allows the crop to maintain a light interception lead over the rapidly growing 
weeds, and with the right habit, shade newly emerging weeds. Ground cover by the crop at the 
end of tillering was strongly correlated with weed suppression up to full canopy cover and up to 
harvest (Neuhoff et al., 2005). Rapid autumn and early spring growth is required to cope with 
weed emergence with the crop and a further emergence in early spring. In late sown crops a rapid 
early spring growth is required to shade a largely spring emerging weed fl ora. In early sown crops 
rapid autumn tillering is required, as well as rapid early spring growth.

Plant habit
  A planophile leaf habit is when the leaf angle from the main stem (and tillers) exceed 30o–45o 
from the vertical. A leaf may be relatively straight or curved. A highly curved or extended leaf in 
which the leaf tips exceed an angle of 60o from the stem can also be described as planophile. In 
general, highly planophile morphologies increase crop light interception and shading of weeds, 
and this compensates signifi cantly for lack of height. Some varieties change from planophile 
to erectophile (leaf angle is less than 30o  from the vertical, straight or curved) over the season. 
Fig. 1 illustrates a method for determining growth habit. This fi ve-point scale takes into account 
whole plant structure; mainly as a function of leaf inclination and a visual assessment of the plant 
height to width ratio. This type of scale can be used to indicate extremes of plant habit, as well as 
potentially useful growth habits in between.
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Fig. 1. A fi ve-point scale for describing plant growth habit in variety selection for organic farming and/or 
weed suppression characteristics. Columns A and B are used to refi ne the growth habit score by indicating 
the presence of predominantly straight or curved leaves.

Plant height
  Although there was no clear indication of height alone being useful in competition against weeds, 
very tall varieties would appear to be competitive at moderate to good plant population densities. 
Height can compensate for an erectophile leaf habit, but a relatively short planophile can give the 
same shading ability and weed suppression of shorter weeds. Tall varieties may have an advantage 
over some very tall grasses and scrambling weeds. 

Crop ground cover
  Crop ground cover integrates several plant and crop characteristics. Crop cover measured from 
directly above the crop was a good indicator of shading characteristics (R2 = 0.51, data not shown) 
and can be used as a guide in selection of competitive varieties. However, total leaf area index 
(LAI) or green area index (GAI) are also good correlants with shading and weed suppression. Leaf 
size is an important factor in shading, with larger leaves of particular assistance in erectophile 
varieties. The varieties that have the poorest weed suppression are short, erectophile varieties or 
planophile varieties with small or narrow leaves. 

Selection for yield
  Our data indicated that the best weed suppressors were amongst the better yielding varieties. 
There was a signifi cant correlation between yield and weed cover immediately post-harvest (R2 = 
0.46, data not shown). It is clear that yield benefi ts are not lost in selecting for weed suppression 
in winter wheat. This has implications for plant breeding programmes, because the development 
of competitiveness against weeds does not exclude high yielding varieties. 
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Practicalities
  The information we have leads us to conclude that new varieties for organic agriculture need to 
be more robust in both their percentage establishment under contrasting conditions and in their 
ability to produce as high as possible number of shoots per plant: either through tiller production 
or tiller retention. Seasonal variations in plant establishment and individual variety responses in 
tiller production and/or tiller retention can make it diffi cult to group varieties in fi eld trials into 
consistently good or poor ideotypes. However, it is possible to describe general growth habits in a 
way that will benefi t development of weed suppression ability in new varieties. For plant breeders, 
targets for plant and crop characteristics should be considered in relation to general growth habits 
that are of value under different circumstances or location in organic farming. Examples of current 
varieties that provide a basis for developing future ideotypes are: Chablis: a spring wheat with 
planophile leaf habit, Rialto: a winter wheat with high tillering under Scottish conditions and 
Maris Widgeon: a tall winter wheat with a late season planophile leaf habit. 

  The balance between different characteristics for weed suppression will determine the value 
of the variety for early, late and season-long weed control. A continuous planophile leaf habit 
has a clear advantage for weed suppression over the erectophile type at a given plant or shoot 
population density, but there are also benefi ts of early and late planophile habits depending on the 
relative establishment of crop or weeds during the season It is clear that selection for variety types 
should be considered in relation to climatic factors that affect both crop and weed growth. Where 
breeding lines are exclusively of erectophile types, then it should be possible to improve weed 
suppression through shading by increasing LAI with increased height and leaf size.
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Plants for predators - a participatory experiment

By H C SIEVWRIGHT, G L SUTTON & A ROSENFELD

HDRA, Ryton Organic Gardens, Coventry, CV8 3LG, UK

Summary

  Encouraging natural enemies by growing attractant plants is a highly effective method 
of pest control in organic systems.  However, it is important to establish which plants 
are most effective at attracting benefi cial insects.  Experiments were carried out by 
179 HDRA members, who grew four plant species (Coriander, Corn Marigold, Fennel 
and Phacelia) in their gardens and allotments.  Over the course of the growing season, 
assessments were made on the growth and fl owering of the plants and the presence 
of four key groups of benefi cial insect (ladybirds, hoverfl ies, lacewings and parasitic 
wasps). Phacelia established quickly and its long fl owering period meant it attracted 
insects throughout the summer.  However, Phacelia was only the most attractive plant 
at the end of the season and insects preferred the other trial plants when they were 
in fl ower.  Results highlight the importance of growing a range of fl owering plants to 
provide resources for benefi cials throughout their activity period.  

Key words: Benefi cial insects, attractant plants, organic pest control, Coriandrum 
sativum, Glebionis segetum/Chrysanthemum segetum, Foeniculum vulgarum, Phacelia 
tanacetifolia

Introduction

  Natural enemies can reduce pest populations and contribute to the establishment of healthier 
plants and crops. Researchers observed reduced pest problems in fl ower rich orchards as early 
as 1926 (Crowder, 1994) and it is widely acknowledged that fl owering plants encourage natural 
enemies which regulate pest numbers (Verkerk, 2001; Solomon et al., 1999). The growth of 
attractant plants to increase the presence of natural enemies is therefore an essential tool for 
organic growers. 
  Flowers are vital sources of amino acids and carbohydrates which many species of benefi cial 
insects including hoverfl ies, lacewings and some species of ladybirds require for egg production 
and energy (Altieri & Whitcomb, 1979).  Nectar and pollen are also the sole energy resources for 
adult parasitic wasps (HDRA, 1993).
  Many species of fl owering plant have been documented as being attractive to benefi cial insects. 
However, fl oral attractiveness is dependent on a number of factors including colour, pollen, nectar 
and morphology (Colley & Luna, 2000) and there remains a lack of consensus as to which plants 
are most attractive. Identifying the plant species, quantity and planting management that supports 
benefi cial insects is important, otherwise pest populations may be encouraged (Dufour, 2000) or 
activity, such as egg laying, not signifi cantly or positively infl uenced (Morris & Li, 2000).
  The aim of this  experiment was  to assess the  effi cacy of  four attractant  plants in  small-scale 
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allotments and garden plots.  The four plants assessed - Coriander (Coriandrum sativum), Corn 
Marigold (Glebionis segetum, syn. Chrysanthemum segetum), Fennel (Foeniculum vulgarum) and 
Phacelia (Phacelia tanacetifolia) - have been previously reported as effective attractants (Verkerk, 
2001; Colley & Luna, 2000; Morris & Li, 2000; Solomon et al., 1999).  Assessments were made 
on the growth and the attractiveness of each plant to four key benefi cial insect groups - ladybirds, 
hoverfl ies, lacewings and parasitic wasps.

Materials and Methods

  Over 400 HDRA members were sent materials and experiment protocols, with 179 members 
returning results.  Participants were supplied with seed of each of the four plants (2 g Coriander 
seed, 0.15 g Corn Marigold seed, 1 g Fennel seed, 0.5 g Phacelia) and instructed to grow at least 
one, 1 m long row of each of the four plants. These were preferably separated by approximately 
2 m and adjacent to a vegetable plot. An April sowing time was advised, ensuring that all species 
were planted at the same time under similar growing conditions.
  Participants recorded the growing conditions in the plot, the sowing date, germination rates, 
establishment, fl owering time and abundance of fl owers on each species, and any special care 
plants required.  Once all the plants were established, participants made regular observations of 
insect abundance in each fl owering strip.  Insect abundance was scored on a scale of 0 to 3 (0 = 
none to 3 = abundant), noting date, time and weather conditions.  Finally participants were asked 
whether they would grow any of these plants again, giving reasons for their choices.
Data from the 179 respondents was analysed using chi-squared, ANOVA and Tukey-Kramar tests.  
A value to represent the total insect visitation frequency (relative attractiveness) for each plant in 
each month of the trial period was calculated by adding the assigned abundance scores together 
and dividing by the total number of observations on each plant.  

Results

Germination and establishment
The germination performance varied signifi cantly between the four plants (χ2,  P < 0.01, df = 
12, N = 684 plant strips). Phacelia performed best, with over 63% of the participants reporting 
good or excellent germination. Corn Marigold performed poorly, with seeds failing to germinate 
in 41% of cases.  Slugs posed the greatest problem and were noted as being detrimental to the 
establishment of plants in 12% of the plant strips. Damage severity varied signifi cantly depending 
on plant (χ2-, P < 0.05, df = 3, N = 81); Phacelia was least affected by slug damage.
 

Flowering
  The average start date and end date of fl owering varied between plant species (Fig. 1); Phacelia 
was the fi rst to fl ower and Fennel fl owered last, continuing into early Autumn. Length of fl owering 
period varied signifi cantly between plant species (χ2, P < 0.05, df = 3, N = 402).  The fl owering 
profusion varied signifi cantly between the four plants (χ2, P < 0.01, df =12, N = 402); Phacelia 
exhibited the greatest profusion of fl owering and Fennel the poorest.

Relative attractiveness to insects
  The relative attractiveness of the plants to insects was compared during each month of the trial 
(Fig. 2). Attractiveness of plant species varied from month to month depending on when the plants 
were in fl ower; differences between the attractiveness of the four plants were highly signifi cant 
(χ2, P < 0.01, df =18). 
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Fig. 1.  Flowering periods of the four plants recorded by 179 HDRA members.  Grey shading denotes the 
period between average start and average end dates of fl owering; black bars indicate least signifi cant dif-
ference for these averages (P < 0.05); crosses represent fi rst and last reported fl owering dates.

 Fig. 2.  Relative attractiveness of the four plants during each month of the trial period.  Coriander ○; 
Corn marigold □; Fennel ∆; Phacelia ◊.              

Participants’ opinions
   The most popular plant was Phacelia, with 109 of the 175 participants who grew the plant say-
ing that they would grow it again. However, only 32 of these respondents would do so because it 
worked well at attracting predators. Appearance, culinary use and growth were also stated as key 
factors infl uencing members’ preferences for the different plants.  

Discussion

  The successful application of attractant plants is dependant on growing the most attractive species 
with minimum cost and effort (Lagerlöf et al., 1992).  Phacelia is renowned for being easy to grow 
and care for (Hickman & Wratten, 1996), which was refl ected in this trial.  The poor performance 
of other plants was largely due to slug herbivory, a problem which participants noted did not 
seem to affect Phacelia. The vigorous growth and persistence of Phacelia, however, may make 
it unsuitable for small gardens and for growing in mixed plots.  Despite this, Phacelia was very 
popular with participants, particularly as it fl owers profusely.
Phacelia consistently attracted insects throughout the summer, although it was only the most 
effective attractant plant in November.  Work by Northing (2003) showed that Phacelia was not as 
attractive to hoverfl ies as Umbelliferous species such as Yarrow and Hogweed.
The other plants in this trial showed peaks in insect attractance that refl ected the observed 
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fl owering times; Colley & Luna (2000) note that preferences for nectar sources are infl uenced by 
the availability of other fl owering plants and these change when highly attractive species cease 
fl owering.  This demonstrates the importance of growing a range of attractant plants, to create 
a succession of fl oral resources.    Plants that fl ower in early spring and in autumn, such as 
Coriander and Fennel, are particularly important since nectar sources can be scarce during these 
periods (HDRA, 1993).  
  It is important to remember that different species of insect may show preferences for different 
fl owers depending on their physiological constraints and seasonal activity.  Hoverfl ies have been 
used as the model benefi cial insect in several studies (Hickman & Wratten, 1996; Colley & Luna, 
2000), and being the most abundant insect during this trial, had the greatest infl uence on over-
all attractiveness patterns.  The presence of parasitoids may have been underestimated as many 
participants found them diffi cult to identify.  It has been suggested that parasitoids are the single 
most important group of benefi cial insects (Verkerk, 2001); consequently further investigation 
into parasitoid preferences would be advantageous.
  The growth of attractant plants can be a highly successful tool for organic pest control. However, 
the selection of appropriate plants is vital.  Rapid establishment and profuse fl owering, as 
demonstrated by Phacelia, must be weighed up against attractiveness to benefi cial insects, with 
Umbelliferous species frequently proving most attractive. A range of different plants should be 
grown to attract benefi cial insects into crops, creating a succession of fl oral resources spanning the 
entire activity period of benefi cial insects.  
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Sunfl ower under conventional and organic farming systems : results 
from a long term experiment in Central Italy

By M MAZZONCINI1, P BÀRBERI2, P BELLONI1, D CERRAI2 & D ANTICHI2

1CIRAA E. Avanzi, University of Pisa, Via Vecchia di Marina 6, 56010 S. 
Piero a Grado (PI), Italy

2Land Lab, Sant’Anna School of Advanced Studies, Piazza Martiri della Libertà 33, 
56127 Pisa, Italy

Summary

Sunfl ower productivity under organic and conventional agricultural systems 
was studied between 2002 and 2004 in the frame of the MASCOT experiment 
(Mediterranean Arable Systems COmparison Trial), established in 2001. The 
aim was to compare organic and conventional management systems for a typical 
arable crop rotation of Central Italy in the long-term. Sunfl ower was cultivated 
as a part of a fi ve-year stockless arable crop rotation (sugar beet-common wheat-
sunfl ower-pigeon bean-durum wheat). In the organic system, red clover (Trifolium 
pratense) is interseeded in common and durum wheat and used as a green manure 
for sunfl ower or sugar beet. Grain yield of organically-grown sunfl ower was lower 
by 41%, 17% and 44% in 2002, 2003 and 2004 respectively, but no signifi cant 
differences in percent seed oil content were found between the conventional and 
organic sunfl ower in two years out of three. 
   

Key words: Long-term system experiment, organic sunfl ower, MASCOT.

Introduction

In terms of agricultural land cultivated organically, Italy is the third country in the world and 
the fi rst in Europe. Despite the great interest of both Italian growers and consumers in organic 
agriculture, organic farming research in Italy has, so far, been very fragmented and has seen 
very little commitment from the public sector. As a consequence there is a shortage of technical 
information about the management of vegetable and arable crops to disseminate to organic 
farmers. In Central Italy, characterised by clayey soils and dry summers, sunfl ower is often the 
most important summer crop both in conventional and organic farms, where it represents the main 
cash crop in several common crop rotations.

Due to its deep rooting system, sunfl ower is able to use natural resources such as soil moisture 
and soil nitrogen better than other species (e.g. maize and soyabean). For these reasons and for 
the high quality of its residues and its competitiveness against weeds, sunfl ower could represent a 
good opportunity in organic farming systems.

The aim of this study was to evaluate the effects of conventional vs organic cultivation on 
yield and grain quality of sunfl ower grown in the MASCOT long-term experiment (Bàrberi &  
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Mazzoncini, 2006) in the years 2002 to 2004.

Materials and Methods

The MASCOT experiment (Mediterranean Arable Systems COmparison Trial) was established in 
2001 at the Interdepartmental Centre for Agro-environmental Research “Enrico Avanzi” (CIRAA) 
of the University of Pisa. CIRAA is located on the northern coast of Tuscany, 8 km SW of Pisa and 
1 km E of the Tyrrhenian sea on the southern side of the Arno river (lat. 42°41’ N, long. 10°23’ 
E) and it is included within the borders of the Migliarino-San Rossore-Massaciuccoli Regional 
Natural Park.

Within MASCOT, sunfl ower was cultivated as a part of a fi ve-year stockless arable crop rotation 
(sugar beet-common wheat-sunfl ower-pigeon bean-durum wheat) comparing a conventional and 
an organic management system. Systems are replicated three times according to a Randomized 
Complete Block design, each experimental plot having a fi eld size of 0.35 to 1 ha. In the organic 
system, red clover (Trifolium pratense) was interseeded in common and durum wheat and used as 
a green manure for sunfl ower or sugar beet. The MASCOT experiment was established on loamy 
soil, whose main characteristics are reported in Table 1.

Table 1.  Average soil characteristics measured at the beginning of the MASCOT experiment

                                                                            Soil layer (cm)

0 to 15 15 to 30

Sand  (%) 43.7 43.5

Silt    (%) 33.3 33.8

Clay  (%) 23.0 22.7

pH 8.47 8.40

Organic matter (%)  (1) 1.62 1.60

Total nitrogen (%)   (2) 0.11 0.11

Assimilable phosphorus (ppm) (3) 12.9 13.7

Field capacity (% dry weight) 26.5

Wilting point  (% dry weight) 11.5
(1)Walkley-Black method; (2) Kjeldahl method; (3) Olsen method

Climatic conditions are typical of Mediterranean areas. Mean monthly air temperature varies 
from 11°C in February to 30°C in August. Rainfall is mainly concentrated in autumn (October-
November) and spring (March-April). In the last 20 years, mean total rainfall ranged from 550 to 
1180 mm year-1. Due to elevated air temperatures, potential evapotranspiration is generally high in 
late spring and summer (up to 6-7 mm day-1). As a consequence, summer soil water defi cit (from 
120 to 150 mm month-1) normally occurs. However, crops and natural vegetation rarely undergo 
water stress because of the presence of a high water table, whose depth ranges from 40-50 cm in 
winter to 100-120 cm at the end of the dry season (mid September).

In the organic system, red clover (Trifolium pratense) was interseeded by broadcasting into the 
common and durum wheat crops during cereal tillering stage (February) and was used as a green 
manure the following spring for sunfl ower and sugar beet (April), by ploughing its biomass into 
the soil 1-2 weeks before sunfl ower or sugar beet sowing. In February 2002, at the beginning of 
the experiment, Trifolium pratense was interseeded into the wheat, but sunfl ower cultivated in the 
same year did not receive this green manure treatment because the experiment was in its initial 
stage. The average quantity of nitrogen supplied by red clover ploughed into the was estimated to 
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be 161 and 38 kg.ha-1 in 2003 and 2004 respectively. 
During sunfl ower seedbed preparation, 30 kg of N, P

2
O

5
 and K

2
O (as organic fertiliser) were 

incorporated into the soil by harrowing, while 124 kg of N and 96 of P
2
O

5
 and K

2
O were applied 

under the conventional system as chemical fertiliser. Mechanical weed control was performed in 
the organic system, whilst both chemical (pre-emergence herbicide application) and mechanical 
weed control was performed in the conventional system. The sunfl ower hybrid used was the same 
in both systems in 2003 and 2004 (Carlos), while in 2002 Carlos was used in the organic system 
and Ketil in the conventional. In both the conventional and organic systems, the seed rate and the 
row spacing were the same (7.5 seeds m-2 and 50 cm respectively).

Results and Discussion

The conventional system showed an enhanced weed control especially by means of the combined 
use of chemical and mechanical methods. Use of pre-emergence herbicide application on average 
resulted in 60% lower total weed density in the conventional than in the organic system (Table 2). 
Use of mechanical weed control positively affected weed density reducing this by about 50% in both 
systems (Raffaelli & Peruzzi, 2001). Weed fl ora composition was characterized mainly by Anagallis 
arvensis, Polygonum aviculare, Equisetum arvense, Chenopodium spp. and Lolium spp.

Table 2. Weed density (plants m-2) recorded in sunfl ower before (BH) and after (AH) hoeing in 
the conventional and organic systems in 2002, 2003 and 2004

Systems

2002 2003 2004

BH AH BH AH BH AH

Conventional  2.1  2.6  8.1 3.6 10.9 5.7

Organic 12.0 12.9 17.3 9.1 18.6 9.2

Signifi cance * ns ns * ns ns
*, ns = signifi cant at P ≤  0.05 and not signifi cant respectively

Table 3. Sunfl ower yield characters as measured in 2002, 2003 and 2004

System
Plants

(n° m-2)

Grain yield 
dry matter

(t ha-1)

Crop residue
dry matter

(t ha-1)

Total
dry matter

(t ha-1)

1000 seeds 
weight

(g)
Year 2002

Conventional 6.8 5.8 8.2 14.0 60.6

Organic 6.9 3.4 5.6   9.0  44.6

Signifi cance ns * * * **
Year 2003

Conventional 6.2 2.3 4.0 6.3 39.1

Organic 6.2 1.9 3.6 5.5 31.9

Signifi cance ns ns ns ns ns
Year 2004

Conventional 4.9 3.9 5.9 9.7 54.5

Organic 5.3 2.2 3.5 5.7 41.0

Signifi cance ns ** * * ns
**,*, ns = signifi cant at P ≤  0.01,  P ≤  0.05 and not signifi cant respectively
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On average, sunfl ower biomass yield was 40% lower in the organic than in conventional system 
(Table 3): these fi ndings confi rm previous experimental evidence (Bonnemort, 2001). These 
differences were mainly due to grain yield (-30 % in the organic system) and  crop  residues 
(-41%); as a consequence, total dry matter biomass was lower in the organic system by 41%. 
These fi ndings suggest that sunfl ower under organic management was negatively infl uenced both 
by the greater weed presence (estimated at the middle of its biological cycle) with respect to the 
conventional system and by the lower nitrogen availability. 

A lower nitrogen concentration in the sunfl ower plant tissues under the organic system was 
observed on average with respect to the conventional one (1.62% vs 1.39 in 2002; 1.27% vs 1.18% 
in 2003 and 1.38% vs 1.24 in 2004). In the organic system, sunfl ower seeds showed a slightly 
higher fatty acids content in two years out of three (Table 4). These results could be connected 
with the different nitrogen supply typical of the two cropping systems (Lotti, 1985). In contrast, 
the crop management system did not effect fatty acid composition of sunfl ower oil. This result 
confi rms the earlier fi ndings of Perretti et al. (2004), who showed no signifi cant trends in oil for 
TAG and FA (triglycerides and fatty acids) composition.

Table 4. Oil content (%) and fatty acids composition in sunfl ower in 2002, 2003 and 2004

Systems
Oil 
(%)

Fatty acids 
(g g-1 total fatty acids)

C16:0 C18:0 C18:1 C18:2 C18:3

Year 2002

Conventional 44.1 5.9 2.6 29.8 60.3 1.3

Organic 48.0 6.0 4.0 32.5 55.9 1.6

Signifi cance * ns ns ns ns ns

Year 2003

Conventional 46.1 5.6 3.2 39.8 50.3 1.2

Organic 45.8 6.0 3.2 28.9 50.4 1.6

Signifi cance ns ns ns ns ns ns
Year 2004

Conventional 50.1

Organic 52.4

Signifi cance ns
*, ns = signifi cant at P ≤  0.05 and not signifi cant respectively
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Sustainable production of organic wheat

By Z E L HAIGH, S CLARKE, K HINCHSLIFFE, H JONES & M S WOLFE

Elm Farm Research Centre, Hamstead Marshall, Near Newbury, Berkshire, RG20 0HR, UK

Summary

  The aim of the project is to use an ecological approach to analyse the interactions of a 
range of key agronomic variables in organic wheat production (wheat genotype, spatial 
arrangement of seed, seed density and wheat/white clover bi-cropping) to determine an 
optimal approach to improved and stabilised production. The fi rst set of data revealed that 
seedling competition was infl uenced by seed rate and drilling arrangement. Furthermore, 
the variety Hereward had increased emergence and establishment to Aristos. An 
interaction exists between wheat variety, seed rate and drilling arrangement on the level 
of canopy cover at different developmental stages – these factors are important for the 
suppression of weeds. The input of farmers in the selection of trial variables ensures 
results have a direct application to the industry. The results of yield and quality at harvest 
will provide further insights into the interaction of agronomic variables. 

Key Words: Triticum aestivium, agronomy, bi-cropping, drill arrangement, seed density, 
multifactorial, cultivar
  

Introduction

  Development of organic cereal farming in the UK is hindered by the central problem of winter 
wheat production, which is relatively low in both yield and quality (Lampkin et al., 2004). The 
market for organic wheat is high, and increasing, but the supply of home-grown milling wheat ful-
fi ls less than one third of this demand (N Gossett, Organic Grain Link, pers. comm., 2004). Critical 
defi ciencies are a lack of appropriate varieties (Jones & Wolfe, 2005) and inadequate agronomic 
information. There is also a need to improve nitrogen supply, as the nitrogen concentrations of 
organic wheats are signifi cantly lower than those in conventional systems (Gooding et al., 1999).  
Recommendations are needed to improve yield and quality but also to provide adequate buffering 
against environmental variation.
  Organic farming has been, and should be, regarded as a form of ecological farming (Weiner, 
2003), making optimal use of interactions among plants, soil and other factors. However, previous 
work in this area has tended to examine parts of the problem in isolation as single factors (Gooding 
et al., 2002). It is essential, however, that as many relevant factors are analysed together in order 
to understand the interactions among the components (Gooding & Davies, 1997). 
  The main objective is to undertake a multifactorial analysis of different wheat genotypes, with or 
without clover bi-cropping, planted at different seed rates in a range of different spatial patterns. 
This will allow a comparison of weed management and nutrient fl ow through bi-cropping or 
mechanical weed control and an overall assessment of environmental stability. 
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Materials and Methods

  The fi rst trial year of three is taking place at two sites (Wakelyns Agroforestry, Suffolk, and 
Sheepdrove Organic Farm, Berkshire), and an additional site (Scottish Agricultural College, 
Edinburgh) will be included for years two and three. Each site contains a randomised, replicated 
split-plot design integrating two varieties: Hereward (a nabim Group 1 variety) and Aristos (a 
variety bred for low input systems (Phillips, 2003)); three seed rates: low, medium and high (150 
Kg ha-1, 200 Kg ha-1 and 250 Kg ha-1); and four spatial arrangements (wide row (20 cm), narrow 
row (10 cm), broadcast and strips (a seeded band 17.5 cm wide with 30 cm centres, J Claydon, 
Claydon Yieldometer, pers. comm., 2006), with or without white clover mixture under sown at 7 
Kg ha-1). Site defi nition and standard agronomic assessments on plant, weed and clover growth 
will take place throughout the growing season and post harvest. Analysis will evaluate the main 
component effects (variety, seed rate and spatial arrangement) including the question of varietal 
stability. It will also focus on the comparison of weed management and nutrient fl ow by the use 
of the clover bi-crop versus mechanical weeding and evaluate the relative economics of the major 
options. An important part of the project is to have direct input from farmers at all stages, as part 
of our commitment to the participatory research approach. The project will select trial variables 
of direct application to the industry through consultation with farmers, advisers and the project 
consortium.   

Results

  The trial is in its fi rst year; data presented is largely from one site (due to drilling problems at 
Sheepdrove), for assessments completed to June 2006.

Emergence and establishment
  Hereward had signifi cantly better emergence than Aristos (P < 0.05). Seed rates have signifi cantly 
different (P < 0.05) emergence values in the rank: high > medium > low.
  Hereward had signifi cantly higher establishment than Aristos (P < 0.05). The ranking of the 
drilling arrangement was (Narrow row (NR) > Wide row (WR) > Strip (S) > Broadcast (BC), (P 
< 0.05) (Fig. 1). The ranking of the seed rates remained the same overall (high > med > low), (P 
< 0.05) (Fig. 1). 
 

Fig. 1. Crop establishment for drilling arrangement × seed rate, Wakelyns

Crop seedling survival
  There was no signifi cant difference between the survival of cultivars at both sites. BC survived 
signifi cantly better (P < 0.001) than all other drilling arrangements. High seed rates had a signifi -
cantly (P < 0.05) poorer survival than medium and low. Aristos had signifi cantly better (P < 0.05) 
survival than Hereward in BC and WR.

(P<0.005, LSD=30.44, SED=15.33, df=94)
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Clover cover
  Clover was drilled in October following trial drilling, however established poorly. A second 
drilling was possible in March, but established insuffi cient clover for assessment. 

Canopy cover
  Hereward had signifi cantly ( P < 0.001) better early (GS 31) cover than Aristos at both sites. High 
seed rates had a signifi cantly ( P <0.05) higher cover than low, at both sites. Ranking of drilling 
arrangement at Wakelyns was NR > WR > S > BC (Table 1). 
  Hereward maintained a signifi cantly ( P <0.001) better cover by GS 35 than Aristos at Wakelyns. 
High seed rates maintained a signifi cantly  (P <0.05) higher cover than low, at both sites. Ranking 
of drilling arrangement at Wakelyns had changed to S > NR > WR > BC (Table 1).
  At Wakelyns there was no difference between the canopy cover of the cultivars at GS 50. High 
seed rates maintained a signifi cantly (P < 0.05) higher cover than low at Wakelyns. Ranking of 
drilling arrangement at Wakelyns had changed again to NR > BC > WR > S (Table 1). 

Table 1. Mean canopy cover for cultivars in drill arrangements (broadcast (BC), narrow rows 
(NR), strips (S) and wide rows (WR)) at sequential assessment dates at Wakelyns   

Drill arrangement
Canopy cover (Leaf area index)

            Early                                Mid                           Late                   
BC
NR
S
WR
P
LSD
SED

df

1.1
1.5
1.3
1.3

0.021
0.228
0.1151
(143)

3.2
3.5
3.3
3.4

0.061
0.242
0.1223
(143)

5.5
5.7
4.8
5.0

< 0.001
0.305
0.1545
(143)

Stakeholder participation
  Eighty farmers attended three meetings across England to discuss the objectives, feasibility and 
relevance of fi eld trials. Farmers suggested the use of feed varieties (nabim Group 3 or 4), using 
inter row hoeing rather than harrowing as the weeding method, and were concerned about the 
practicalities of drilling arrangements.

Discussion

  Cultivar, drilling arrangement and seed rate are infl uential factors at early growth stages (emer-
gence and establishment). Survival of seedlings was highest in the broadcast drilling arrangement, 
as expected. Seeds in this arrangement are closest to equidistant spacing as possible, and therefore 
intraspecifi c competition is reduced. Plants at high densities had the lowest seedling survival due 
to increased intraspecifi c competition. 
  Canopy cover was signifi cantly infl uenced by cultivar and seed rate. The infl uence of drilling 
arrangement on canopy cover changes with plant development, i.e.:

  • Early: NR>WR>S>BC
• Mid: S>NR>WR>BC
 • Late: NR>BC>WR>S
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  Although current data is valuable, yield and grain quality data gathered after harvest will be more 
revealing.
  Trial variables (to include weeding) for future years will be shaped by farmer consultation and 
available trial data.
  Ongoing, widespread dissemination of the outcomes will encourage existing and new producers 
to modify their own systems towards improved production and quality. Potentially, this could 
have a major impact not only in relation to import substitution but also environmentally, and for 
farmer and consumer assurance.

Acknowledgements

  Elm Farm Research Centre would like to thank the Department for Environment, Food and Rural 
Affairs who has funded this project under the Sustainable arable LINK programme, and all of our 
project partners: Claydon Yieldometer Ltd, Norton Organic Grain Ltd, Organic Arable Market-
ing Group Co. Ltd, Organic Farmers and Growers Ltd, Organic Food Federation, Progressive 
Farming Trust, Scottish Agricultural College Commercial, Scottish Agricultural College, Scottish 
Organic Producers Association, Sheepdrove Organic Farm, Soil Association, Soil Association 
Certifi cation Ltd. and Wakelyns Agroforestry.
 

References

Gooding M J, Cannon N D, Thompson A J, Davies W P. 1999. Quality and value of organic 
grain from contrasting breadmaking wheat varieties and near isogenic lines differing in dwarfi ng 
genes. Biological Agriculture & Horticulture 16:335–350.
Gooding M J, Davies W P. 1997. Wheat production and utilization: Systems, Quality and the 
Environment. Oxon, UK: CAB International. 355 pp.
Gooding M J, Pinyosinwat A, Ellis R H. 2002. Responses of wheat grain yield and quality to 
seed rate. Journal of Agricultural Science 138:317–331.
Jones H E, Wolfe M S. 2005. Evolutionary breeding of wheat for low input systems. In Pro-
ceedings of the COST SUSVAR/ECO PB Workshop on Organic Plant Breeding Strategies and 
the Use of Molecular Markers, p. 86. 17–19th January 2005, Driebergen, The Netherlands. The 
Netherlands: Louis Boulk Institute.
Lampkin N, Measures M, Padel S. 2004. Organic Farm Management Handbook. 6th Edition. 
Aberystwyth: University of Wales, Organic Advisory Service (EFRC). 
Phillips S. 2003. Winter cereal variety trials of Elm Farm Research Centre. In Newsletter on 
Organic Seeds and Plant Breeding, October 2003.
Weiner J. 2003. Ecology - the science of agriculture in the 21st century. Journal of Agricultural 
Science 141:371–377.



Aspects of Applied Biology 79, 2006
What will organic farming deliver?  COR 2006

135

Developing a participatory approach to seed production and 

varietal selection 

By H JONES1, S M CLARKE1, Z HAIGH1, K HINCHSLIFFE1, M S WOLFE1,
J THOMAS2, D GIBBON3, F HARRIS4 & F LYON5

1Elm Farm Research Centre, Hamstead Marshall, Newbury, Berkshire, RG20 0HR, UK
2NIAB, Huntingdon Road, Cambridge, UK 

3Cheney Longville, Shropshire, UK
4University of Kingston, Kingston upon Thames, Surrey, UK  

5Middlesex University, The Burroughs, London, UK.

Summary
  
  The performance of UK winter wheat varieties was tested under organic conditions 
involving farmer participation. Three breadmaking varieties (Hereward, Solstice and 
Xi19) and their mixture (1:1:1) were grown at 19 UK farms in 2003/04 and 2004/05. 
The variability of productivity on organic farms was illustrated with more variation 
among farm sites than among varieties. Seed health was generally high over all sites. 
Although the trials were successful, more time was needed at project initiation to improve 
farmer involvement. Some farmers expected more researcher visits, and were reticent 
about assessing the trials themselves. In contrast, some participants valued the variety 
performance data on their farms particularly when related to that of other growers. The 
balance between the goals of the researchers relative to the farmers needs to be defi ned 
at project initiation.  

Key words: Organic farming, winter wheat, varieties, mixtures, seed borne disease, 
participatory research 

Introduction

  The UK Recommended Lists of cereals (Anon., 2006) is the source of comparative information 
about cereal varieties. However, these lists relate only to crops grown conventionally with the 
‘untreated yields’ only referring to an absence of fungicides; information about variety characters 
important in organic production is omitted; and data for varietal mixtures is absent, the use of 
which may be advantageous in organic systems (Wolfe, 2001). A number of recent organic variety 
trials conducted over a limited range of sites has shown that the variety ranking varies depending 
upon farm (Taylor & Cormack, 2001). To produce meaningful data on organically grown varieties, 
a participatory methodology was developed to better understand variety testing with farmers. The 
diversity of trial sites also permitted an examination of any relationship between organic husbandry 
and incidence of disease, and the risk of seed-saving. Farmer participation has proved useful in 
solving problems in diverse farming systems, characteristics typical of organic farming. 
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Methodology

  Seed (25 kg) of the varieties Hereward, Solstice, Xi19 and their mixture (1:1:1) was sent to 19 
UK farmers across the UK (East to West England) in September 2003 and 2004. Farmers were 
either existing contacts of EFRC, or had shown interest in the project at open days. Most farmers 
participated in both years, but not all farms were the same and different fi elds were used between 
years. Seed was drilled (plots average 125 m2) using the farmer’s standard methodology within 
a wheat fi eld. Researchers gained information from each farmer about their farming system, the 
trial fi eld and the trial both by telephone and written questionnaires. The farmers were interviewed 
pre-harvest to determine their views of the trial, experimental activities and learning methods.
  At crop growth stage 92 (Zadoks et al., 1974), four measurements for weed incidence, crop 
height and ear numbers were taken and ears were cut from four sets of 1 m2 for each variety. 
Grain yield, thousand grain weight (TGW), specifi c weight, protein content and Hagberg Falling 
Number (HFN) were determined. Seed borne disease tests were done for each sample at NIAB. 

Results 

Grain yields
  The average yield in 2004/05 (5.60 t ha-1) was higher than in 2003/04 (3.9 t ha-1). Yield results 
for both years showed signifi cant (P < 0.05) site by variety interactions. However, yield variation 
among sites was much larger than the difference between varieties in both seasons. This variability 
in yield was a result of both system and site level interactions. 

Fig. 1. Average 2004/05 yields of the three varieties and the mixture at each site (SED = 0.31, df = 18) and 
the means of yield (2004/05 and 2003/04).

Growth habit
  The results from 2003/04 revealed an East-West split across the country; the wheat in the west 
was shorter but higher yielding compared to the taller and lower yielding wheat in the East. In 
contrast, in 2004/05 the wheat grown on the western sites was signifi cantly (P < 0.001) taller than 
those in the east (77.6 cm and 70.1 cm in the west and east, respectively SED = 0.380, df = 140), 
although the differences weren’t as large as in 2003/04. The eastern sites had an average lower 
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yield, but this was due to the low yields at site A (Fig. 1).

Grain quality
  Although there were no signifi cant differences among the HFN of the varieties in either year, on 
average HFNs were higher in 2004/05 than the previous season. The low HFN results in 2003/04 
can be attributed to the wet summer which caused grains to sprout and HFNs to drop.
  The average protein was lower in 2004/05 than 2003/04. However, if the protein harvested per 
hectare is calculated, protein yield per hectare increased by 16% (0.06 t ha-1) between 2003/04 
and 2004/05; the carbohydrate in the grain increased by a greater proportion (47%). Therefore, the 
weather affected the carbohydrate production of the crop more than the protein production because 
the latter is more dependent on available nitrogen. Most of the varieties in 2004/05 achieved the 
milling requirement for HFN (> 250 s) and all made the requirement for specifi c weight (> 76 
kg/H-1); an improvement on the previous season. However, none of the varieties met the protein 
level required for a milling premium (> 13%) in either season.

Seed borne diseases
  Seed borne diseases did not occur at higher levels in organic production; the health status of all 
seed was generally good across all sites and varieties. 

Farmers’ views
a) The variety performance data from many trials under different conditions was considered use-
ful but some commented that even the extended trial set that was used did not cover adequately 
the wide range of variables that can be expected. 
b) Farmers were requested to assess plots using set criteria, but there was a reticence to complete 
these assessments. Farmers requested more researcher involvement, which raises the questions 
of the farmers’ understanding of the participatory approach (or the ability of the researchers to 
explain it). 
c) Farmers appreciated the comparisons of the apparent variety performance (from visual appear-
ance) and the data from assessments; farmers considered it a useful lesson. The variability also 
helped farmers to appreciate the problems involved in trying to incorporate further new varieties 
into successive trials.
  Interviews with farmers, by necessity, were carried out at harvest. Better feedback could have 
been achieved when farmers were less busy, or at farm walks and research institutions, which 
were considered by farmers to be valuable for business information. However, the turnout for this 
type of event was poor.

Researchers’ views
  A number of farmers requested trial results prior to drilling in the subsequent year; a rapid 
turnaround of data is necessary to ensure the information is of greatest value to the grower. 

Conclusions

 It is possible to meet most quality requirements for milling under organic conditions, but achieving 
protein quality is diffi cult. The level of seed borne diseases across the farms showed that seed 
health status was generally high.
The trials demonstrated the large variability of organic farming systems and the diffi culty in 
selecting a suitable variety. The greater variability in yield and grain quality amongst fi eld sites 
than amongst varieties, and their mixtures, suggests that the genetic background of the varieties 
tested was too narrow to buffer the climate variability between the farms. All varieties proved 
similarly plastic in their environmental response in that, in 2003–04, the trials grouped into short, 
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high yielding in the west and tall, low yielding in the east. This tended to be the reverse in 2004–05, 
but, again, all varieties and the mixture responded in the same way.
  The participation of farmers in research ensures that the outputs are of relevance, helping to solve 
practical problems in diverse farming systems, characteristics typical of organic farming. The 
level of participation can vary however (Biggs, 1995) depending upon the research objectives, 
and partner expectations. 
  The research methodology that has been used was clearly researcher led. Farmers did not feel 
an ownership of the project, since many participants drilled the crops to do project partners a 
‘favour’; were disappointed in the relative contribution of researchers; and expected a ‘standard’ 
trial design at each site. However, farmers did value the data obtained, which also provided a 
reference for their own farming systems relative to other organic farms across the country. The 
solution is fi rstly, to spend more time in introducing the project and its objectives and in discuss-
ing and developing the trial design. Secondly, it is important to recognise and recruit farmers, 
and researchers, who have a high willingness to participate. Initial meetings should ensure that a 
common understanding is reached between farmers and social and fi eld scientists; these meetings 
should take place at an off-peak time of year. However, the project did develop a useful set of 
working relationships (farmer-researcher; farmer-farmer and researcher-researcher) which should 
be exploited in further project development.
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The legacy of stockless organic conversion strategies
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Nottingham, Sutton Bonington Campus, Loughborough, Leicestershire LE12 5RD, UK

Summary

  Huxham et al. (2005) reported the impacts of seven conversion strategies on the 
fi rst organic crop (winter wheat). This paper investigates the effect of the conversion 
strategies on the second (winter beans) and third (winter oats) organic crops, thereby 
extending the analysis throughout the fi rst complete rotation. Conversion strategy had 
a signifi cant impact on organic bean yield, which ranged from 2.84 to 3.62 t ha-1 and 
organic oat yield, which ranged from 3.24 to 4.17 t ha-1. In the organic bean crop, weed 
abundance prior to harvest, along with soil texture, accounted for 70% of yield variation. 
For the oats, soil mineral nitrogen in November together with weed abundance in April, 
accounted for 72% of the variation in yield. Annual average gross margins, calculated 
over the two year conversion period and the fi rst three organic crops, ranged from £274 
to £459 ha-1.

Key words: Organic, conversion, stockless, beans, oats
  

Introduction

  The ratio of fertility building to fertility exploiting cropping phases has a major infl uence on 
organic crop yields (Younie, Watson & Squire, 1996), fi nancial returns and hence the success of 
organic systems. During the conversion from conventional to organic farming the objective is 
to increase soil fertility usually through nitrogen (N) fi xed from grass clover leys. In a stocked 
system ley management is often through grazing and harvesting for hay and silage whereas in a 
stockless system legumes are usually cut and left as a mulch. The aim is to build up suffi cient N 
in the system during the conversion period to support the subsequent rotation.  
The ideal conversion crop will provide suffi cient nitrogen (and other nutrients) for the following 
organic crops, facilitate improvements to soil structure and soil fertility, have good competitive 
ability against weeds and provide a good economic return. Conversion strategies that include 
cash cropping may give a better return in the short-term than a red clover green manure strategy 
but may impact negatively on crop yields, in the longer-term, later in the rotation.  Typically, the 
fi nancial returns of such systems being measured as output minus variable costs to provide gross 
margin (GM) measures.  To date, research examining the longer-term viability of systems has 
focused upon rotations with a red clover green manure conversion strategy (Bulson et al., 1996; 
Cormack, 1999; Welsh et al., 2002).  As a result, there is a need for robust, replicated studies of 
the longer-term impacts of alternative conversion strategies on subsequent organic crops.
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  Building upon the work of Huxham (2003) the current study looks at the legacy of seven conver-
sion strategies in terms of crop yield, and fi nancial returns, weed burden and soil fertility. In 
particular, the paper presents the results from the second (winter beans) and third (winter oats) 
organic crops post conversion. 

Materials and Methods

  Conversion to organic status began on 20 hectares of Bunny Park, Nottinghamshire in August 
1999. Within the site a 1.2 ha experimental area was established consisting of 28 plots (each 12.5 
× 30 m) which were sown with a red clover-ryegrass green manure on 5 September 1999. Seven 
conversion strategies were implemented and these were replicated four times in a randomised 
block design. Two of the conversion strategies were based on the previously sown red clover-
ryegrass green manure (RCRC and CSRC), and fi ve other strategies were implemented in March 
2000 (Table 1). Soil texture on the site ranged from sandy loam to sandy clay at a depth of 0–30 
cm.  To account for this variation, blocking has been used (blocks 1 and 2 sandy loam and blocks 
3 and 4 sandy clay). Conversion was completed in 2001 and a crop of organic wheat (Triticum 
aestivum) was planted over the entire experimental area.  This was followed by the second (winter 
beans, Vicia faba) and third (winter oats, Avena sativa) organic crops which were the subject of 
the current experiment.  
  Winter beans (cv. Clipper) were sown on 8 December 2002 at 40 seeds m-2. Winter oats (cv. 
Dunkeld) were drilled on 9 October 2003 at 371 seeds m-2. Soil samples were removed using soil 
augers from pre-determined randomised locations in the experimental plots in September 2002, 
February and November 2003, and February and August 2004.  Six cores were taken from each 
plot at 0–0.3, 0.3–0.6 and 0.6–0.9 m depths. Weeds were recorded along two 30 m line transects 
per plot, each 2 m from the plot edge. The species of each weed touching the transect line was 
recorded, together with the number of times that species was observed. Species composition and 
total weed number was monitored at fi ve or six weekly intervals along the line transects from 
April to August 2003 and April to July 2004. 
  Crop yield was estimated on 19 August 2003 and 8 August 2004 using a plot combine harvester 
(Sampo Rosenlew 2010) on a previously un-sampled strip of the plot. The average area combined 
was 50.7 m2 for winter beans and 60.6 m2 for winter oats. A sub-sample of the combine yield was 
immediately oven dried at 80–85oC to determine moisture content. 
All experimental data was analysed using an analysis of variance (ANOVA) or regression analysis 
in Genstat 8.1 for Windows. Where appropriate, data was transformed prior to analysis to meet the 
assumption of homogeneity of variance. To account for any differences in soil texture within the 
experimental blocks, percentage sand content of the soil was used as a covariate in the analyses of 
variance calculations.  Gross margins were calculated based upon the experimental yields, using 
crop output prices from Lampkin et al. (2002), minus the variable costs incurred in the production 
of the crops.

Results

  Winter bean yields from VEVR, UWRC, UWBP and CSRC were signifi cantly higher (P = 0.008) 
than from WHBE and RCRC (Table 2). Winter oat yields from the clover based strategies were 
signifi cantly larger than those from OABE and WHBE (P = 0.002). When percentage sand content 
of soil was used as a covariate in the analysis of variance, this had a signifi cant effect on yield of 
oats (P = 0.017) but not beans, hence the adjusted yields are only presented for the oat crop. There 
was a highly signifi cant relationship (P < 0.001) between weed number in August 2003 and winter 
bean yield (Fig. 1). Linear regression with groups showed that crops with the same number of 
weeds produced greater yields on sandy soil than on clay soil. In the oat crop, soil mineral 
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Table 1. The conversion strategies were two-year cropping sequences, all followed by wheat in 
the third year. † A cut and mulched green manure; u/s = undersown with red clover

NB. WHBE, OABE and UWBP-  unlikely to be acceptable to certifi cation bodies (experimental additions 
only).

Oat yield = 4.196-0.192 x sqrt (weed no.) + 0.01837 x SMN (P < 0.001), R2 = 0.72   (Eqn 1)

Table 2.  The effect of conversion strategy on winter bean and winter oat combine yield

Fig. 1. Linear regression of bean yield on ln (weed number) per line transect on 6 August.
○ sand y = 13.73 -2.347x ln(weed no.); ■ clay y = 14.38-2.347x ln(weed no.). R2 = 0.70

Strategy First Year Conversion Second Year Conversion

RCRC
† red clover-ryegrass - † red clover-ryegrass

VEVR
† hairy vetch - † hairy vetch-rye (cv. Motto)

CSRC red clover (seed) -ryegrass - † red clover-ryegrass
UWRC u/s spring wheat (cv. Paragon) - † red clover
WHBE spring wheat (cv. Paragon) - winter beans (cv. Clipper)
OABE spring oats (cv. Solva) - winter beans (cv. Clipper)
UWBP u/s spring wheat (cv. Paragon) - spring pea (cv. Agadir) -

     spring barley (cv. Static)

Conversion
Strategy

Winter bean yield (t
ha-1)

Winter oat
yield (t ha-1)

Winter oat yield (t ha-1)
adjusted for covariate % sand

RCRC 2.78 3.76 3.92
VEVR 3.62 3.58 3.57
CSRC 3.34 4.17 4.17
UWRC 3.58 4.16 4.13
OABE 3.10 3.24 3.24
WHBE 2.84 3.33 3.35
UWBP 3.50 3.54 3.40

P Value 0.008 0.002
SED 0.240 (18df) 0.230 (17df)
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Table 3. Annual average gross margin (GM) for the two-year conversion period and the three-year 
organic rotation

* GM data from conversion period and fi rst organic crop is drawn from Huxham (2003).  Data presented 
in the absence of subsidies.

nitrogen (SMN) in November 2003 together with weed abundance in April 2004, accounted for 
72% of the variation in yield (Eqn 1). 
  Average annual GMs were greatest for the ‘fertility building’ strategies, especially those based 
on red clover (Table 3). CSRC had the largest average GM (£459 ha-1) and WHBE the smallest 
(£274 ha-1).

Discussion

  The OABE and WHBE strategies had the lowest yields in both the winter bean and winter oat 
crops. In the bean crop, yield was accounted for by weed number and soil texture, while the yield 
of oats was determined by a combination of weed competition and soil mineral nitrogen. Weed 
dynamics during the conversion period can have important implications for weed burden in the 
subsequent rotation (Albrecht and Sommer, 1998). Huxham (2003) measured differences in weed 
burden during the conversion period with the clover-based strategies having signifi cantly less 
weed dry matter than, for example UWBP. By the end of the second year of conversion, signifi cant 
differences in weed biomass were recorded with a tendency for the more exploitative strategies, 
OABE and WHBE, to have a greater weed biomass. This may have resulted in more weed seeds 
entering the seed bank than from the clover-based strategies; a fi nding reinforced by Younie et 
al. (2002) who noted that rotations with a higher proportion of grass-clover leys had consistently 
smaller weed seed banks than those with a higher proportion of cereal and vegetable crops. 
CSRC had the largest gross margin, at £459 ha-1, outperforming all other strategies by at least 
£102 ha-1. However, this may be seen as a ‘risky’ strategy which is dependent on securing a market 
for clover seed and successful management of a clover seed crop. A risk-averse grower would be 
advised to adopt the strategy with the second highest average annual GM, RCRC (£357 ha-1). 
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Summary

  The fi nancial performance including input and output costs were analysed for 
two commercial Scottish farms converting to organic production.  A comparative 
analysis for a fi ve year period is provided using data from the Scottish Farm 
Accounts scheme, and demonstrates that both conversions had positive fi nancial 
outcomes.  Both farms applied strategic changes to their businesses. 
 

Key words: Organic conversion, fi nance, dairy, general cropping

Introduction

 There was substantial enthusiasm for organic production in the UK in the late 1990’s, supported 
by a new regime of organic aid payments as subsidies, retailer pressure for supplies to fi ll a 
growing niche market, and concern in the conventional production sector about the small margins 
in commodity products. Market analysts were predicting signifi cant growth per annum in sales 
of organic products, and the various UK organic quality assurance schemes were keen to recruit 
new farmer members. The number of registered UK organic producers rose from 2,322 in 1999 to 
4,057 in 2002 (Lampkin et al., 2004).  

Farmers were encouraged to convert to organic production methods, and the retailers and the 
supporters of organic foods, particularly the Soil Association, were involved in promoting organic 
food consumption. However, a positive fi nancial outcome for producers was always at risk. There 
had been no planning to match supply and demand in the UK organic sector, and the production 
sector was seldom involved in coordinated marketing strategies. Conversion to organic production 
routinely takes two years, with signifi cant impact on cash fl ows at farm level before returns improve 
once organic produce are available for sale with organic premiums. The maintenance of premiums 
was essential to justify the changes required at farm level, but it was not long before some of the 
premiums disappeared as the infl ux of producers who entered the organic aid scheme became 
producers of certifi ed organic products. The 9 p per litre premium for organic milk disappeared in 
2003 when supply caught up and passed demand.

The University of Aberdeen collaborated from 2000 to 2005 with two commercial farms in 
Scotland that were converting to organic production. The projects covered a range of scientifi c, 
technical and production issues, and the fi nancial aspects of the farm conversions were monitored.  
Edwards & Robertson (2003) reported fi nancial information from the conversion periods of both 
farms, and highlighted the need for the OAS to maintain income during the conversion period.  
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There was also the need to consider the mix of enterprises on farm and the structure of the business, 
with possible restructuring helping to release capital and/or reduce fi xed costs. The following paper 
gives detail on specifi c aspects of the fi nancial performance of the farms over 5 years from the 
start of conversion, and compares the fi nancial performances with standardised farm management 
data from the same period.

Materials and Methods

Farm 1 is a mixed unit on Grade 3 land (Bibby et al., 1991) near Dundee in east Scotland, 
with cereals, seed potatoes, beef and sheep. The farm has used a seven year rotation of 4 years 
grass, potatoes, vegetables, and undersown barley. Farm 2 is a dairy unit also on Grade 3 land, 
near Dumfries in southwest Scotland, all in grass or whole crop cereals. Farm cash book records, 
balance sheet information and records from the tax accounts from both farms were compiled 
to produce management accounts according to the procedures of the Scottish Executive Farm 
Accounts Scheme (FAS). The FAS allows comparison of individual farm accounts with a range of 
average accounts, grouped by farm scale and type. Accounts are adjusted to take out the infl uence 
of the individual family labour, land ownership or tenancy, and capital situations.  The assumptions 
are that all land is tenanted, with rental charged on owned land, that all family labour is charged 
at manual wage rates on hours worked, and that all interest charges are excluded. Data from 
farm 1 has been compared with the FAS data for each relevant year for general cropping farms 
– Scotland, as published in the Farm Management Handbook series (SAC, 2005).  Data from farm 
2 has been compared with the FAS data for dairy farms – Scotland.

Results

Table 1.  Summary of physical data from the project farms

Farm 1 Farm 2
Year 1999 2004 2000 2004
Crops
Barley 29.6 3.6 - -
Potatoes 31.9 32.4 - -
Other cash crops - 32.0* - -
Set aside/fallow 25.9 0 - -
Roots & arable fodder 3.8 5.7 - -
Arable silage - - 14.5 29.0
Grass - silage 20.5 33.8 80.2 71.6
Grass - grazing 32.2 44.8 85.5 79.1
Total cropping 143.9 152.3 180.2 179.7
Total adj. ha 144.2 152.6 180.2 179.7

Livestock
Adults cows 64 52 298 216
Cattle > 2 yrs 13 4 28 46
Cattle 1–2 yrs 37 55 156 41
Cattle < 1yr 59 40 171 67
Ewes 198 200 - -
Other sheep 205 259 - -
Total grazing livestock units 140 134 479.9 301.5
GLU’s/forage ha 2.46 1.6 2.66 1.68
* including rented ground
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The physical data from both farms is in Table 1, showing the change in the crop and livestock 
resources from the time of entry into the conversion period until 2004, when both farms were 
fully organic. The major changes in farm 1 were a move out of set-aside (which had been part of 
the planning for conversion) into other cash crops (mostly organic vegetables), and a change from 
cereals to more grass.  Both farms needed a signifi cant reduction in livestock numbers to meet 
organic standards, with grazing livestock units (GLU’s) per forage hectare reduced from 2.46 to 
1.60 on farm 1, and 2.66 to 1.68 on farm 2. Farm 2 increased arable silage area from 14.5 ha to 
29.0 ha, refl ecting the need to produce more feed and especially protein on farm.

The average physical data from the other units in the FAS scheme, which were all conventional 
units is summarised in Table 2. Farm 1 was classifi ed as a general cropping farm because more 
than two thirds of the total standard gross margin came from all crops, refl ecting the higher than 
average area of potatoes. However farm 1 carried substantially more livestock than the average 
general cropping farm although farm size was very similar. Farm 2 was signifi cantly larger in area 
than the average Scottish dairy farm in the FAS data, with more cows producing higher yields.  
Tables 3 and 4 show summary data from the management accounts of farms 1 and 2 respectively, 
and comparison with relevant FAS data.

Table 2.  Summary of physical data from conventional farms in FAS scheme, 2000 & 2004

Scotland – general 
cropping farms

Scotland – dairy farms

Year 1999 2004 2000 2004

No. of farms in sample 77 41 75 63
Average farm size: adjusted ha 141 150 96 113
Cereals 79 81 - -
Potatoes 13 15 - -
No of ewes per farm 32 47 - -
No. of breeding/dairy cows 10 16 92 107
Average milk yield/cow (litres) - - 5884 7068
No. of other cattle, incl. calves 27 45 148 168
(from SAC, 2005)

Table 3. Summary management account data (£/adj.ha) for farm 1 and FAS general cropping 
farms, Scotland.

Farm 1 FAS Farm 1 FAS Farm 1 FAS Farm 1 FAS Farm 1 FAS 

1999/00 2000/01 2001/02 2002/03 2003/04

Total variable costs 509 307 532 302 526 313 325 312 412 330
Farm gross margin 860 716 922 766 1101 737 1414 713 1424 909
Fixed costs
Total farm labour 173 222 190 214 231 200 325 223 299 228
Fuel oil & electricity 20 40 38 54 44 50 51 46 81 49
Crop contract work 175 86 250 94 300 92 226 103 299 89
Total fi xed costs 757 786 953 798 1048 765 1030 823 1137 835
Net farm income 195 25 67 50 147 46 480 -9 368 183
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Table 4. Summary management account data (£/adj.ha) for farm 2 and FAS dairy farms, 
Scotland

Farm 2 FAS Farm 2 FAS Farm 2 FAS Farm 2 FAS Farm 2 FAS 

2000/01 2001/02 2002/03 2003/04 2004/05

Fertiliser & lime 110 87 78 88 26 78 0 84 20 -
Total variable costs 1050 621 1053 662 775 637 943 667 774 -
Farm gross margin 1547 976 1670 1156 1233 843 1290 1028 1623 -
Fixed costs
Total farm labour 483 460 465 426 394 382 409 413 425 -
Crop contract work 115 53 118 61 109 55 94 57 94 -
Total machinery & power 422 277 403 271 389 273 399 290 389 -
Total fi xed costs 1182 1057 1219 1039 1154 953 1146 1022 1156 -
Net farm income 410 145 496 327 128 71 192 208 513 -

The relatively high variable costs of farm 1 refl ect higher concentrate costs than the conventional 
farms, higher roughage and keep taken costs, and higher sundry livestock expenses. Lower variable 
costs were seen with fertiliser and lime (5 year average £39.4/ha  yr-1 vs £73.4/ha yr-1), and crop 
protection (5 year average £28/ha yr-1 vs £128/ha yr-1), although other crop expenses including casual 
labour were considerably higher, peaking at £208 ha-1 in the second year of conversion. Fixed costs 
increased from the second year of conversion, with labour and other crop contract work making 
up most of the annual differences. The crop contract costs involve the grading and storage on the 
farm of seed potatoes for other producers. Net farm income has been signifi cantly higher than the 
conventional general cropping farms reported in the FAS apart from year 2 of the conversion.

The summary for farm 2 shows the fl uctuating annual variable costs, associated with initially 
high fertiliser costs, high and variable concentrate costs, and increasing seed costs as the organic 
rotation takes effect. Veterinary, medicine, and sundry livestock costs were approximately double 
the FAS average through the whole period, with the reduction in medicine costs being offset by a 
high level of herd monitoring for health and quality parameters. Higher fi xed costs were associated 
with higher crop contract costs (all grass/silage establishment and harvesting operations) and above 
average machinery depreciation costs. Labour costs were high until the business was restructured 
and one less person employed. Net farm income has remained positive compared with conventional 
Scottish dairy farms in the FAS scheme, although income was greatly reduced when the organic 
milk price was cut in 2002/2003.

Discussion

The comparison between the project farms and FAS data provides a measure of the validity of 
the decision to move to organic production in the fi rst instance. It also provides an indication of 
the impact of the changes on the fi nancial performance during and after the conversion, albeit 
confounded by changes in output prices. Net farm income for farm 1 were depressed in 2000/01, 
refl ecting an increase in the costs of the contract potato grading and storage operation that was one 
of the structural changes of the business. The farm has consistently shown good overall performance 
and in spite of high labour and power costs, the maintenance of steady property costs and other 
overheads has contributed to healthy gross margins. Farm 2 also carried out structural changes 
to meet the challenge of converting to organic. The two diary herds were merged, allowing the 
release of capital, redundancy of one member of staff, investment in the parlour and reduction in 
stocking density. The changes allowed the farm to manage the expected drop in yield per cow and 
per hectare that occurs during conversion, and the gross margin fi gures compare very favourably 
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with the data presented by Lampkin et al. (2004), where whole farm gross margins for organic 
dairying are £1421 ha-1, £1038 ha-1 and £973 ha-1 for 2001, 2002 and 2004 respectively.
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ABSTRACT

  The number of organic farmers in Scotland increased dramatically in the period between 
1997 and 2000, from 120 in 1997 to approximately 600 at the end of 2000; a fi ve fold increase. 
Currently the outlook for organic farming in Scotland appears positive, despite recent publicity 
about farmers leaving the sector.  Market prospects for all organic commodities are buoyant and 
there are increased Scottish Executive Organic Aid Scheme (OAS) maintenance payments in the 
offi ng.  But what do Scotland’s organic producers really think about the system, which has them, 
tied in for at least fi ve years?
  In June 2004, a representative group of Scottish organic farmers in the South of Scotland was 
surveyed to determine how many intended to continue farming organically once they had completed 
the OAS and to consider the factors affecting their decisions regarding organic conversion and 
cessation.  Results indicated that 55% of respondents intended to continue farming organically in 
the short term whilst 37% intended to continue for the long term (the next decade).  
  Although half of the respondents indicated that they were greatly infl uenced to convert to organic 
farming for wider environmental benefi ts and 45% for perceived job satisfaction, by far the biggest 
infl uence cited was fi nancial benefi t.  Sixty nine per cent of respondents cited OAS subsidies and 
55% cited the perceived price premium on produce. These fi ndings were confi rmed in a second 
survey of organic farmers in Central Scotland between November 2004 and January 2005.  In this 
second survey almost half (49%) of respondents cited increased long term fi nancial returns and 
44% cited the short-term cash injection from OAS payments as being of great importance in the 
decision to convert.
  The Central Scotland survey also indicated that stress and pressure on farmers following 
conversion was remarkably high, perhaps as a result of farmers having to adopt new practices and 
procedures; 97% of respondents reported increased paperwork and 79% stated that they required 
increased management skills. However, anecdotal evidence suggests that farmers’ attitude to 
organic farming changes over time from initial apprehension to more confi dence in production 
methods and the system in general. 
  Factors impeding farmers’ efforts to farm organically were primarily issues relating to cash fl ow, 
certifi cation bodies, standards and marketing. Marketing issues were perceived or found to be 
the main problem after full organic status was achieved in the SW Scotland survey. The Central 
Scotland survey indicates insuffi cient price premiums and lack of local outlets as the main factors 
for cessation of organic farming. Both surveys also concur on the fact that hill farmers are more 
likely to leave organic farming in the short term than their upland and lowland counterparts. 
However, respondents from both surveys who did not intend to continue farming organically 
stated they planned to continue farming extensively using organic farming methods and systems.
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Local and/or organic: A balancing of values for producers 
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Abstract

  The paper explores the meaning of organic and local food and how closely they are 
related in the mind of consumers and producers of organic food, drawing on focus 
group discussions and laddering interviews with 181 consumers and 33 producers. 
The results show that both groups associate organic food with local trade and see this 
as an important value. It is concluded that in the complex organic food networks both 
producers and consumer have to balance localness with other values and constraints 
when making decisions about where to buy or where to sell their organic products. 

Key words: Organic food, values, market outlets, producer, consumer

Introduction  

  Organic food and local food networks are both seen to represent alternatives to current conven-
tional food networks. Organic farming is seen as the alternative to intensifi cation and industriali-
sation of agriculture and it is feared that growth of the sector could diminish its potential to act 
as a real alternative. On the other hand, Smith & Marsden (2004; p. 355–356) have suggested 
that a slowing down in market growth development might place limits on the potential of organic 
farming to act as a “panacea for the problems of rural economic development”. Also in the organic 
movement localness appears to be the new orthodoxy, in general terms it is seen as an antidote to 
globalisation and intensifi cation (Kjeldsen et al., 2006). Also in the UK, not only organic farmers 
have placed their hope on localness. For example Farmers Weekly, a magazine of the UK farming 
industry has started a new campaign to cut food miles (Farmers Weekly, 23 June 2006, p 28).  The 
question arises whether localness itself is a core value of organic agriculture and whether it should 
be strengthened by considering it in standards and regulations? 
  The UK is one of the leading markets for organic food in Europe and worldwide with an estimated 
value of £1.6 billion in 2005, an increase of 30% compared with the previous year? (Williamson 
et al., 2006). In previous years growth had been particularly strong in the area of direct sales from 
producers which are mainly but not exclusively dealing with local produce, but in 2005 these sales 
grew only by 11% compared with 31% in multiple retailers, which remain with 76 % clearly the 
most important place of purchase. This paper explores the values behind and the expectations of 
local food by producers and consumers of organic food in the UK. 
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Materials and Methods

  This study draws on UK material from two European studies in which focus groups with both 
producers and consumers were held to explore concepts and values and their meaning to the 
participants, with consumers also in depth laddering interviews were used (Padel & Foster, 2005; 
Padel, 2005). The results were contrasted from two different years, limiting the validity of the 
comparison, because the discussion of localness has intensifi ed considerably over the last few 
years. However, all qualitative methods give importance to the individual voice and the analysis 
explores the range of values rather than their distribution. 
  The focus groups with between 4 and 15 participants lasted up to 120 minutes. All groups 
started with unprompted association with the term organic, followed by discussions exploring 
the meaning of organic and associated values. In discussions with consumers their knowledge 
about organic products and their attitudes to local/regional food were also explored. Producers 
were asked about their personal values and motives before discussing the values important to 
the organic sector. Twelve focus groups with 96 consumers in 2002 in one urban and two more 
rural regions of the UK were carried out. Six of these groups in Lancaster were related to the case 
study of a local organic vegetable box scheme Participants were recruited to represent a range of 
social characteristics; about half of the participants classifi ed themselves as regular consumers 
of organic food. Three groups with 33 organic producers were held in Wales and England during 
2004 with established producers and those that had converted after 2000. Recruitment considered 
mainly full-time producers based on self-classifi cation and a range of farm types typical for each 
region. 
 

Table 1. Summary of focus groups and number of participants

No. Groups Date Participant type Location No. of participants
4
2
6
1
1
1

Aug 02
Sept 02
Nov 02
Nov 04
Dec 04
Dec 04

Regular organic consumers
Regular & occasional consumers
Regular & occasional consumers
Established organic producers
Established organic producers
Producers converted since 2000

Aberystwyth
Reading
Lancaster
England
Wales
Wales

28
18
50
15
10
8

  The in-depth interview technique of laddering aims to explore the underlying values of purchas-
ing choices of consumers, and to follow the decision-making process in a hierarchical way, in the 
form of a ladder (Gutman, 1982; Zanoli, 2004). Eighty fi ve laddering interviews with consumers 
were undertaken in 2002 in various locations throughout the UK, aiming for a spread between 
urban and rural areas, and main places of purchase as well as social characteristics. The interviews 
covered motives and barriers to purchase, the preferred point of purchase, consumers knowledge 
and circumstances in which the consumers would be most likely to buy organic products. The 
analysis focuses on commonalities and differences in the meaning and underlying values of each 
term and tries to explore what the promises of localness are.  

Results

  The results show a strong association of organic farming with localism both for organic producers 
and for consumers. Preference for local food networks appears to be a natural progression from 
other organic values and appears important to both groups of stakeholders. 
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Associations and attributes of organic farming and food
  The unprompted associations of producers with ‘organic’ refl ect their professional involvement, 
covering a wide range of values including conservation, sustainability, closed production cycles, 
quality, and health, integrity, working in balance with nature, diversity, and independence. Local 
food was also mentioned unprompted and discussed intensively later on. However, many produce 
only a limited range of raw materials, such as cereals, meat, dairy etc. that would need further 
processing before they can be directly supplied to the consumer.  In the mind of the consumer 
there is a strong association of organic food with vegetables and with ‘locally grown’ which is 
often confused and intertwined.  They also associate organic with health, with freshness and taste, 
and with seasonality. Both occasional and regular consumers give an impression of being unclear 
about the defi nition of the term ‘organic’. 

Building trust
   Producers see providing opportunities for consumers to see where their products come from as 
very important and hope to build trust through direct interactions and communication, but recognise 
the need for some external verifi cation. Consumers, on the other hand, refer to a balancing act 
between different ethical values. Some place their trust in organic labels:  
“If […] I just see the word organic I think oh that’s good- and I don’t actually look to see where 
it is from”.
  However, many don’t know in detail what guarantees this provides them with. Others place their 
trust in local or British food. For many regular consumers, the origin seems to be more important 
if the product is organic than otherwise. This preference appears to be related to mistrust of 
organic standards elsewhere, whether justifi ed or not is not clear. A stronger preference for local 
non-organic products that some consumers express could represent direct competition for organic 
label products. 

Choice of marketing channels and points of sale
   For producers the choice of a marketing outlet is a commercial decision of being able to sell 
what they have produced and getting a good price for it. In supplying the supermarkets prices 
were seen as a problem, the multiple retailers were discussed as a ‘necessary evil’, which should 
be supplemented by other outlets. On the other hand, the need to supply a wide range of products 
for a local market was also seen as problematic. 
  For consumers the choice of marketing channels also appears to be a balancing act between 
different values, contrasting ethical or political values with the ease and convenience of shopping 
in the supermarket. Arguments supporting a preference for local food, ranged from the avoidance 
of food miles, to buying what is in season, supporting local farmers and growers, and greater 
freshness and better taste.  Local shops lead to a sense of belonging and specialist organic shops 
convey knowledge, personal relationships and trust in an otherwise complex food system where 
consumers are anxious to make the right choices. However, most consumers buy in multiple 
retailers. Interestingly, the ladder map shown in Fig. 1 shows no links to higher level values 
for supermarket outlets. A critical attitude towards multiple retailers appears more widespread 
among more regular consumers of organic food and in rural areas. Differences between rural and 
urban interviewees reveal greater emphasis on support for community and personal relations, and 
understanding of links between retail channels and environmental values. As one respondent put 
it: “by shopping at local shops, I feel I am doing my rural duty”. The preference of some urban 
shoppers for specialist shops is associated more with trust and transparency in the food products, 
refl ecting a greater need for reassurance in this respect. However, even those with critical attitudes 
to supermarkets and commitment to other outlets appear willing to trade-off their values against 
the convenience and choice offered by supermarkets, as indicated by their great market share and 
frequent mentioning as the main outlet of shopping. Attitudes do not necessarily translate into 
regular purchases on other outlets.  “There aren’t any places  I wouldn’t buy, just  places I prefer  



156

Fig. 1. Cognitive structure of attitude to points of sales of 78 UK consumers.

to buy”.

Food miles and the origin of food
  Both producers and consumers are concerned about the food miles, about the distances that food 
travels before it reaches the plate and about the negative environmental consequences and express 
the expectation that local food network could change this. However, producers see the limitations 
of regionalised trade which they recognise as opportunity for some but not an obligation for 
all. Organic producers are also worried about growing competition from increasing number of 
regional product labels from conventional agriculture. Many consumers admit to not paying much 
attention to the origin of products when they shop. Some consumers express that they would 
rather by something local, even if it is not organic. 

Discussion

  Proximity and local trade represent important values for many organic producers and consumers 
and both groups aspire to greater availability of local produce in their region, which stands in stark 
contrast to the strong growth of organic food experienced in multiple retailers in the UK in 2005 
(Williamson et al., 2006). In the mind of producers and consumers regionalised trade is expected 
to have a number of benefi ts, in particular improved communication between these stakeholders, 
traceability freshness and authenticity of products, fairer prices and better income for farmers, 
support for the local economy, and reduced energy use in the transport of food. 
  However, the research also shows that there are clear limitations in realising this concept for all 
organic food and that both producers and consumers on many occasions balance the value of local 
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with other values and concerns. For many consumers the most important organic products are fresh 
vegetables and fruit, which they associate with a healthy lifestyle. If fresh fruit and vegetables 
are not available locally in suffi cient quantity or quality, there will be a demand for such products 
from elsewhere. Producers, on the other hand recognise the limits of further diversifi cation in 
terms of workload and economies of scale which would be necessary to produce a full range of 
product for the local market. 
  Both producers and consumers express a critical attitude to multiple retailers and their long 
distance trading structure, but accept their convenience or necessity and are seeking to develop 
and support alternatives. However, consumers admit to not paying attention to product origin when 
shopping, whereas producers fi rst and foremost want to fi nd a good market for their products, 
even if this is further a fi eld. For most consumers the preferred place of shopping remains the 
supermarket and civic factors (such as localness) are less important than product or practical 
factors such as healthiness or freshness (Weatherell et al., 2003). 
  Both producers and consumer have to balance different concerns when making decisions about 
where to sell and where to buy their organic products. In the complex organic food networks from 
production to plate product quality, price, availability and convenience are all equally important. 
It appears therefore not desirable to further restrict their choices through stricter regulation for 
localness in organic standards. However, producers and consumers of organic food should con-
tinuously to aim for greater sustainability of the organic food networks in relation to transport and 
energy use, even if this is not a requirement of the standards. 

Acknowledgements

  Financial support of the EU for OMIARD (QLK5-2000-001124) and EEC 2092/91 Organic 
Revision (FP6-502397) is gratefully acknowledged. Thanks also to my colleagues Carolyn Foster, 
Peter Midmore, Hugo Alroe and Pip Nicholas for providing ideas. 

References

Gutman J. 1982. A Means-End Chain Model Based on Consumer Categorization Processes. 
Journal of Marketing 4:6,60–72.
Kjeldsen C, Alroe H F. 2006. How to measure and regulate localness? Joint Organic Congress, 
30–31 May 2006, Odense, Denmark. http://orgprints.org/8318/
Padel S. 2005. Focus groups of value concepts of organic producers and other stakeholders. 
Project report D21 of Organic Revision - Research to support revision of the EU Regulation on 
organic agriculture. Aberystwyth: University of Wales.
Padel S, Foster C. 2005. Exploring the gap between attitudes and behaviour: Understanding why 
consumers buy or do not buy organic food. British Food Journal 107:606–625.
Smith E, Marsden T. 2004. Exploring he ‘limits to growth in UK organics: beyond statistical 
image. Journal of Rural Studies 20:345–357.
Weatherell C, Tregear A, Allinson J. 2003. In search of the concerned consumer: UK public 
perception of food, farming and buying local. Journal of Rural Studies 19:233–244.
Williamson S, Cleeton J, Nettleship T. 2006. Organic Market Report 2006. Bristol: Soil 
Association.
Zanoli R. (Ed.) 2004. The European Consumer and Organic Food. Aberystwyth: School of 
Management and Business, University of Wales, Aberystwyth.



158



Aspects of Applied Biology 79, 2006
What will organic farming deliver? COR 2006

159

Financial performance of organic farms in England and Wales

By A JACKSON & N LAMPKIN1

Institute of Rural Sciences, University of Wales, Aberystwyth, SY23 3AL, UK

Summary

A survey of farm fi nancial data on 135 organic farms in England and Wales in 
2003/04 (as part of an ongoing annual survey) shows that for most farm types, 
organic farmers achieve similar or higher incomes than similar conventional 
holdings. Although organic farmers rely on premium prices to compensate 
for lower yields, overall performance has been maintained despite downward 
pressure on prices in the period under review. However, all farms, organic and 
conventional, showed generally poor returns. With organic prices increasing in 
most areas in 2005, it is likely that signifi cant improvements in performance 
will result.

Key words: Organic farm incomes, output, gross margins, costs of production

Introduction

Financial data on organic farming in England and Wales has been collected on a regular basis 
since the early 1990s, as part of a series of Defra-funded projects. The aim of the research is to show 
the fi nancial performance of organic farms differentiated by farm type and compared with similar 
conventional farms in order to inform DEFRA policy-making with respect to organic farming, and 
provide a basis for assessments by farmers, advisers and other interested parties of the farm-level 
implications of conversion to and continued organic farming.

Since 1995/6, annual reports covering different farm types have been produced, which are now 
available on the organic statistics section of the Defra website (http://statistics.defra.gov.uk/esg/
index/list.asp?i id=130). These ex post survey results complement, but also inform, the ex ante data 
contained in the Organic Farm Management Handbook (Lampkin et al., 2006). The latest of these 
reports (Jackson & Lampkin, 2005) available at the time of writing covers the two years 2002/03 
to 2003/04 (2004/05 data will be available from August 2006). 

Materials and Methods

The main dataset represents a combination of two sets of data: a) organic farms occurring ‘by 
chance’ in the standard Farm Business Survey results and b) organic farms surveyed directly 
using Farm Business Survey methodology. The results for all farms in both data sets have been 
completed using the same fi eld book and defi nitions to ensure comparability. In total, full data 
from 135 farms were available in 2003/04, 77 of which came from the standard FBS and 58 from 
the directly surveyed sample. This enabled sample sizes of 15 or more holdings for the cropping, 
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mixed, lowland dairy, lowland cattle/sheep and LFA cattle/sheep samples, but only smaller samples 
(5–8 holdings) for arable/fi eld vegetables, other horticulture and LFA dairy. Specialist pigs and 
poultry holdings were not present in suffi cient numbers although some gross margin data could be 
obtained. The nature of the samples is such that they cannot be described as representative, but the 
larger sample sizes provide some protection against undue infl uence of outlier holdings, and the 
ability to compare identical samples from year to year provides an indication of trends.

Conventional holdings for comparison purposes were selected from the standard FBS sample 
on the basis of a clustering procedure that identifi ed a group of conventional holdings similar to 
each individual organic holding on the basis of resource endowment criteria (e.g. location, land 
area, milk quotas). Further information on this procedure is provided in the main reports (Jackson 
& Lampkin, 2005). The average for each group of organic holdings is compared with the average 
for the group of associated cluster averages. The intention of this approach is that the focus of the 
comparisons can then be on differences resulting from differences in management system, rather 
than the underlying resource endowment which is not (usually) determined by the decision to farm 
organically or not.

Results

Cropping and horticulture farms
Net farm income for the organic cropping farms increased by 6% whilst increasing nearly three-

fold for the conventional farm sample. Cropping inputs increased by 11% for the organic farms, but 
were similar from 2002/03 to 2003/04 for the conventional farms. Cropping outputs increased by 
25% for the conventional farm comparison, but remained similar for the organic farms. Overall, the 
organic farms achieved higher net farm incomes than the similar conventional farms in 2003/04. 

Net farm income for the organic arable/fi eld vegetable farms decreased from 2002/03 to 2003/04 
by 43%. Output decreased by one percentage point with inputs rising by 4% overall. The intensive 
horticulture holdings achieved a 23% higher net farm income per hectare in 2003/04. For this group, 
outputs increased by 16.5% and inputs by 14%. No conventional farm comparisons were available 
for the horticulture identical farm samples.

Dairy farms
For the identical LFA dairy farm samples, net farm income increased from 2002/03 to 2003/04 by 

91% for the organic farms and by 67% for the conventional farms. Outputs increased by 9.9% for 
the organic farms and 5.9% for the conventional farms. Milk price increased by 4.3% for both the 
identical organic and conventional farms. Inputs were similar for the organic farms from 2002/03 
and 2003/04, but increased for the conventional farms by 3.5%. Overall, net farm income was higher 
for the identical organic farm sample than the conventional farms in 2002/03 and 2003/04. 

Lowland dairy net farm income increased in 2003/04 for the identical organic farms by 13% and 
by 32% for the conventional farms. Both the identical and full organic farm samples had higher 
incomes than the conventional farm sample overall for both years. Outputs were similar for the 
organic farms, but increased by 9% for the conventional farms. Inputs fell by 1.8% for the organic 
farms and increased by 6.5% for the conventional farms. Milk price fell by 2.5% for the organic 
farms and increased by 4% for the conventional farms. 

Livestock farms
For the lowland cattle and sheep farms, net farm income increased for both the organic and 

conventional farm samples. Outputs increased by 10.6% for the organic farms and by 3.4% for 
the conventional farms. Inputs increased similarly from 2002/03 to 2003/04 by 3.6% and 2.7% on 
the organic and conventional farms, respectively. Overall, net farm income was much greater for 
the organic farms than the conventional farms in 2003/04.87  

Net farm incomes on the LFA cattle and sheep farms were similar for both organic and conventional 
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farms and from 2002/03 to 2003/04. Outputs rose by 8.6% for the organic farms and by 6.8% for 
the conventional farms. Inputs increased similarly between samples for both years by 5.7% for the 
organic farms and 6.4% for the conventional farms. 

Table 1 Net farm incomes on comparable organic and conventional farms (£/farm and £/ha, 
2002/03-2003/04)

Net Farm Income excluding BLSA results for data samples

Identical sample Full sample

Farm type
Number 
of farms

2002 / 03 2003 / 04
Number 
of farms

Cropping £/farm £/ha £/farm £/ha £/farm £/ha

Organic 8 31053 248 32857 263 18 28526 198

Compararable conventional 87 7813 66 23374 196 245 22930 174

Arable /fi eld vegetable

Organic 5 46060 115 26372 65 8 18980 56

Comparable conventional - - - - - - - -

Horticulture

Organic 7 19006 1118 22546 1377 8 29386 2001

Comparable conventional - - - - - - - -

LFA diary

Organic 5 8318 100 15914 191 7 13099 152

Comparable conventional 25 3736 49 6143 82 40 12947 164

Lowland diary

Organic 21 23644 235 28550 266 31 29739 246

Comparable conventional 185 14176 155 18952 205 215 18773 169

Lowland cattle and sheep

Organic 16 5343 72 8812 119 21 9778 123

Comparable conventional 139 2085 29 2510 35 170 4734 61

LFA cattle and sheep

Organic 19 11906 91 14297 111 30 16183 130

Comparable conventional 127 12096 103 12794 112 181 15918 132

Mixed

Organic 7 14963 110 29007 205 15 18181 169

Comparable conventional 61 14596 116 20860 167 118 9945 90

Mixed farms
Net farm income was similar for the identical conventional farms and the organic farms in 

2002/03, but changed in 2003/04 by 23% in favour of the organic farms. Outputs increased by 
approximately 10% on the organic farms and by 15.5% on the conventional farms from 2002/03 
to 2003/04. Inputs increased by 2.7% for the organic farms and by 11.7% for conventional farms. 
Overall, net farm incomes increased in 2002/03 for both farm samples.
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Table 2. Yields, gross margins and cost of production for organic milk, lamb, wheat and 
potatoes, 2003/04

Milk Lamb Wheat Potatoes

Yield 5700 L cow-1 1.37 lambs/ewe 4.9 t ha-1 23.2 t ha-1

Price 21 ppl £1.23 kg-1 LW £154 t-1 £214 t-1

Margins (£/head or £/ha, excl. subsidies)

Enterprise output 1153 40. 748 4965

Feed/seeds 239 56 568

Vet/med/sprays 26 - 181

Forage/ferts 52 - 98

All variable costs 411 92 1975

Gross margin 742 650 2991

Costs of production (p L-1 or p kg-1 LW)

Variable 6.6 40.4 - -

Forage 0.9 14.0 - -

Fixed 10.4 146.9 - -

Total 17.9 201.3 - -

Financial benchmarking and costs of production
The results also give insights into the performance of individual farm enterprises (Table 2). 

Comparable data for conventional holdings are not available, but will be from 2004/05.

Conclusions

Organic farms have managed to maintain a reasonable level of performance overall, despite the 
downward price pressures during this period caused by the very rapid expansion in supplies of 
organic products since 2001/02. However, good performance relative to similar conventional farms 
needs to be seen in the context of all farms making poor returns. For some products, particularly 
milk, the price difference was therefore very low. Encouragingly, the market has shown signs of 
very rapid growth and improving prices during 2005 (Soil Association, 2006) and it is expected 
that the effects of this turn round will be seen in the 2005/06 data due in 2007.
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Effects of European organic farming policies at sectoral and 

societal levels

By P NICHOLAS, I JEFFREYS & N LAMPKIN

Institute of Rural Sciences, University of Wales Aberystwyth SY23 3AL, UK

Summary

The paper explores the drivers for organic farming uptake and undertakes a preliminary 
evaluation of the effectiveness of organic farming policy against a set of 24 criteria, in 
a number of case study countries.  Organic farming support policies were not solely 
responsible as external factors, such as conventional market performance and food 
scares, interacted with policy measures in infl uencing organic farming uptake rates.  
Organic farming schemes and measures out performed alternative agri-environment 
schemes in a number of criteria, such as GM traceability, natural resource conservation, 
diversifi cation of farm practice and products, food quality and safety and biodiversity 
impacts. However, on the basis of the data it is not possible to conclude whether organic 
support schemes or other agri-environment support schemes perform better overall or 
are more cost effective.  

Key words: Organic farming policy, evaluation

Introduction  

  Since the early 1990s, European policies for organic farming have been developed on a number 
of levels. These include the EC Reg. 2092/91 defi ning organic production; support for organic 
conversion and maintaining production, processing and marketing through agri-environment, 
rural development and structural measures; support for research and information dissemination 
measures; the development of national and EU action plans for organic farming; and the continuing 
reforms of the main commodity elements of the Common Agricultural Policy.
  The impacts and cost effectiveness of these policies is an issue of increasing importance as the 
size of the organic sector, and consequently their demand for funding, increases. There is in any 
case a formal requirement for ongoing monitoring and evaluation of policies at national and EU 
level (e.g. current mid-term review of rural development and structural programs). Competing 
claims on the funding resources are likely to become louder, and there needs to be clear evidence 
of benefi ts to justify their continuing application to organic farming. However, the evaluation 
of these impacts is not simple, because organic farming works on a number of different levels, 
with multiple, sometimes confl icting, objectives and impacts. While the benefi ts from supporting 
organic farming with respect to one particular objective may be less than can be achieved by more 
targeted measures, the total benefi t across all objectives of adopting a systems approach such as 
organic farming may be suffi cient to more than justify the costs of the support compared with 
single-objective, single-measure schemes. 
  In order to be able to justify continued spending on organic sector policy support it is fi rst necessary 
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to establish what role organic farming policy plays in driving the uptake of organic farming and 
what sectoral and societal benefi ts are associated with it.  Additionally, the effectiveness of organic 
farming policy in achieving these sectoral and societal objectives compared to other types of agri-
environmental policies also needs to be established.  

Materials and Methods

  A brief summary of organic farming policy development for a sample of countries including 
AT, CH, DE, DK, FI, FR, GR, IT, NL and UK was developed.  In addition, a suite of graphs were 
constructed that visualise data on the number of organic holdings and land area over time, the 
proportion of arable, grassland and permanent crops in each country and fi nally, where available, 
expenditure data on various organic farming support policies.  Additionally a key events table 
was developed showing when policy measures (specifi c to organic or general agriculture) were 
introduced or changed in that country (month and year), and when exogenous trigger or barrier 
events occurred in the organic and general agricultural sectors that may have had an infl uence on 
the uptake of organic farming.  Country experts were then asked for their interpretation of the 
data with respect to how policy implementation and changes and exogenous events may have 
shaped organic farming uptake pre and post Agenda 2000.  Expert responses were consolidated 
into a descriptive assessment of the factors responsible for the development of organic farming 
during the period 1997 to 2003 in their country and a summary of the key fi ndings is provided in 
the results section. 
  Information regarding the performance of relevant policy was elicited using expert assessments.  
Two different variations of assessment were used; opinion based and an evidence based assessment.  
The opinion based assessment was used for the Wales, North East England and Canton Aargau 
(Switzerland) case studies. Evaluations were elicited from a group of experts using the Nominal 
Group Technique (NGT) in expert panel workshops.  NGT, also known as ‘estimate-talk-estimate’, 
uses the same basic structure as the Delphi (Delbecq et al., 1975) method but is applied in a 
group situation. Estimates are taken anonymously and presented to the group for discussion and 
estimates are retaken and represented. The process involves the following steps (Delbecq et al., 
1975): 1) Silent and individual (nominal) generation of ideas in writing; 2) Presentation of a brief 
summary of all ideas, and round-robin feedback on ideas; 3) Discussion of each recorded idea for 
clarifi cation and evaluation; 4) Individual voting on the reactive priority of the ideas by rank-order 
or rating judgements - the group’s fi nal decision is based on the aggregation of the evaluations.  
The evidence based expert assessment used a desk top review of relevant literature and data.  
This was used in the two German Länder Niedersachsen and Baden-Württemberg and in Wales. 
The process involved an expert assessment based on documented evidence wherever possible, 
of the extent to which organic farming and agri-environment schemes achieved (or otherwise) 
the specifi ed objectives defi ned in the criteria. The scoring system refl ected substantially better 
performance than current practice, no difference and substantially poorer performance.  Data 
was primarily drawn from the mid-term review of the regional Rural Development Plans and 
supplemented by data from other evaluations or relevant research studies, including comparisons 
of different farming systems.
  For both the opinion and evidence based assessments, the schemes for all case studies were 
evaluated relative to current best conventional practice against a set of 24 criteria, namely: capital 
investment on-farm; diversifi cation of farm enterprises; fragmentation and other farm structure 
issues; farm income; uptake of regulated production systems; biodiversity impacts; control of 
greenhouse gases; control of pollutants; forestry; landscape impacts; natural resource conservation; 
energy use; GM traceability; animal welfare; employment; food quality and safety; agricultural 
demographic; public health impacts; occupational health; knowledge and skills development; rural 
community well-being; social justice and equality; rural infrastructure (incl. transport, housing) 
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and local consumption.  
 

Results and Discussion

Drivers to organic farming uptake
  Groups of countries shared distinct patterns of organic farming uptake, though the factors 
driving uptake within these groups were not always common.  In France, UK, Denmark and The 
Netherlands positive drivers pre-Agenda 2000 included poor performance of the conventional 
agricultural sector, higher OFS rates (UK and Denmark) and BSE (UK and France).  Administration 
problems with OFS schemes in the late 1990’s had a negative effect on uptake in the UK and 
Denmark.  Post Agenda 2000, organic farming uptake in the UK and France was driven by the 
re-opening of the existing OFS scheme and the opening of the new CTE scheme, respectively.  In 
Denmark the oversupply of the local market with organic product was a key barrier to conversion 
in the early 2000’s, however, investment to stimulate market growth countered this.  Germany 
has a slightly different pattern of uptake than these countries.  In Germany, increased organic 
farming support payments in most Länder in 2000 stimulated uptake around this period.  Post 
Agenda 2000, despite declining growth rates, strong policy support for organic farming including 
increased OFS payments in many Länder, investment in marketing and research, establishment of 
a federal organic farming scheme and the organic label (Biosiegel) in 2001 were all seen as key 
drivers to the uptake of organic farming.   
Austria, Switzerland and Finland had the highest growth rates prior to 1997 and relatively stable 
numbers of organic farms for the remainder of the study period.  Pre-Agenda 2000, an increase 
in OFS payments stimulated organic farming uptake in Finland, but the end of the fi rst ÖPUL 
contracts in Austria and uncertainty over the content of the new ÖPUL programme had a negative 
impact on uptake in the late 1990’s.  Post Agenda-2000 the infl exibility of existing OFS contracts 
and the inability to get new contracts negatively infl uenced uptake in Finland.  In Austria, the 
establishment of Biogetreideagentur (trader of organic cereals), a strong involvement of super-
market chains leading to better market possibilities and more attractive prices were seen as key 
drivers to conversion, especially for cereal producers.
  In Greece and Italy, the existence of organic farming support payments (higher in Italy than other 
agri-environment schemes) was seen as the key driver to organic farming uptake pre-Agenda 
2000.  Price premia for organic products was also seen as a key driver in Italy.  Post Agenda 
2000, decreased support payments and a downturn in the organic market (causing decreased price 
premiums), had a negative impact on organic farming uptake in Italy.  In Greece, the introduction 
of the national Organic Husbandry Regulation in combination with the implementation of EU Reg 
1804/99 resulted large areas of land and livestock converting to organic, but the total number of 
holdings remained the same.  

Policy evaluation in the case study areas
The criteria against which all the organic schemes or measures performed well, were: GM trace-
ability; natural resource conservation; diversifi cation of farm practice and products; food quality 
and safety and biodiversity impacts.  These fi ve criteria were identifi ed as strengths of the organic 
scheme or measure in all the case studies (except the Baden-Württemberg (DE) study as three of 
these criteria were not evaluated due to data limitations).  These additional benefi ts are not pro-
vided (at the same level) by other agri-environment schemes in the study areas. The assessments 
indicate substantially higher levels of performance for each of them under the organic schemes or 
measures.  These benefi ts therefore represent the greater societal level benefi ts of organic support 
schemes and the farming practices that they encourage.  In considering cost effectiveness, the 
organic schemes out preformed the other agri-environment schemes in most cases.  This was due 
to the relatively low expenditure per hectare of the organic schemes.  The only example where the 
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performance of the organic support schemes was similar to the agri-environment schemes was in 
the North East England study using cost data from 1997, where the expenditure per hectare was 
similar for both schemes.  
  The total cost of the schemes relative to the supported area was assessed only in two of the fi ve 
case studies.  This limited evaluation suggests that the organic support schemes are more cost 
effective than the other agri-environment schemes and that they produce greater levels of public 
goods at a lower price per hectare. This fi nding is preliminary and based on very limited data and 
requires further studies to confi rm it. 

Conclusions 

  It has been shown that policy supporting organic farming is one but not the only driver to organic 
farming uptake.  A variety of external factors such as poor performance of the conventional sector, 
food scares and market conditions all signifi cantly infl uence the number of farmers converting 
to organic.  Additionally, administrative uncertainties related to organic farming schemes and 
supports have also been highlighted as a key factor to reducing uptake of organic farming.  Targeted 
organic farming policy will have limited benefi t if there are other factors undermining farmer 
confi dence to convert. Further research of how policy and farmer confi dence interact is necessary 
to facilitate future cost effective policy development to support the organic sector.
  From the case studies, criteria in which organic farming schemes and measures out performed 
alternative agri-environment schemes were GM traceability, natural resource conservation, 
diversifi cation of farm practice and products, food quality and safety and biodiversity impacts. 
However, the analyses presented in this study cannot conclude that organic support scheme or 
other agri-environment support schemes perform better or are more cost effective.  Reasons 
for this include the lack of evidence available for the two German and Welsh evidence based 
assessments, the variability of expertise in evaluating the schemes against every criteria and the 
fact that the cost-effectiveness measure was based on total expenditure and not transaction costs. 
This is compounded by the different time frame over which benefi ts are derived and the costs are 
borne.  This study has highlighted some of the benefi ts of organic farming schemes in relation to 
other agri-environmental measures, but has also highlighted the complexity of such an evaluation.  
One of the key issues identifi ed is the need to collect a wider range of data refl ecting the wide 
range of objectives in rural development and agri-environment policy in order for a more accurate 
evaluation to take place. 
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Summary

This paper reviews the services and activities through which the research and 
development community communicates with producers in Wales. These include 
publications (in hard copy and electronic media), one to one advisory services 
and group activities. It examines the appropriateness of different approaches for 
different situations, and makes the case for better integration of services under 
the new rural development plan.

Key words: Extension, knowledge transfer, advice demonstration farms 

Introduction

A range of challenges arise in organising knowledge transfer for organic producers. Sustainable 
agricultural methods are considered to be knowledge and information intensive and lack of 
information remains a barrier for conversion to organic farming. However, little is known about 
what type of knowledge or information the farmers might require, when and how they require 
it and where it will come from. It is likely that information needs of organic converters include 
organic standards and inspection, organic husbandry and production economics, market intelligence, 
marketing, farm business planning, conservation and on-going advice needs during conversion 
(ADAS/OCW, 2005).

There is very little research in Europe on how knowledge networks for sustainable agriculture 
should be organised (Röling et al., 1998) and the public attitude has undergone major change in 
returning from a expectation of full privatisation and producer paid services to greater involvement 
of the public sector again. A considerable body of research has been carried out in the last 20 years, 
but much of it does appear to have very much direct impact on the practises of organic farmers. Also 
the organic sector by its nature is a bottom up approach with farmers having strongly infl uenced 
current practises and standards, so what role should government funded agencies play in public 
support and  information provision?

The Organic Centre Wales has been set up to act as the focal point of information to support 
the development of the organic sector in Wales and knowledge dissemination to producers is an 
important part of the centre’s remit. The knowledge transfer services available in Wales to organic 
farmers, and those in or considering conversion were reviewed, with regard to their objectives, 
scope and approach.
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Services Provided for Rrganic Farmers in Wales

In Wales publicly funded knowledge transfer activities are delivered by a range of organisations 
and projects (see Table 1). At present, all these services are free at the point of delivery, although 
this will change with the introduction of the Farm Advisory Service in April 2007, after which 
time, producers will be expected to contribute at least 20% of the cost of delivery.

Table 1. Publicly funded knowledge transfer activites in Wales

Service Description Delivers
Administration/ 

Delivery
Funding 

Organic Centre 
Wales (OCW)

Dissemination of 
information on organic 

food and farming to 
producers and other 
interested parties in 

Wales 

Free publications 
Technical 
helpline 

Management of  
OCIS 

Partnership of 
ADAS, Elm Farm 
Research Centre, 
IGER, the Soil 

Association, Institute 
of Rural Sciences 

(UWA)

Welsh 
Assembly 

Government 
and Farming 

Connect 

Organic 
Conversion 
Information 
Service (OCIS)

Helps farmers 
understand the 
implications of 

converting to organic 
systems 

Free phone 
helpline, 

information pack 
max 2 advisory 

visits

Managed by OCW; 
visits delivered by 
ADAS and OAS

Welsh 
Assembly 

Government

Farm Business 
Development 
Plans

Review of current 
business/ fi nancial 

performance and options 
for the future 

Up to 5 days 
of free on farm 
advisory visits 

Three (out of 10) 
consultancy fi rms, 

have organic 
expertise

Farming 
Connect 

Technical Advice
Help with production 

issues

Up to 2 days of 
free one to one 

advice 

Five (out of 10) 
consultancy fi rms 

have organic 
expertise

Farming 
Connect 

Environmental 
Opportunities 
Reviews and 
Specialist advice 

Inventory of 
environmental resources 

on the farm, identify 
potential risks 

and opportunities 
special issues 

Free one to one 
advice

Delivered by ADAS
Farming 
Connect 

Organic Centre Wales (OCW) 
The OCW was established in 2000 as a focal point for the dissemination of information on organic 

food and farming to producers and other interested parties in Wales. It is run by a partnership 
of fi ve organizations actively involved in organic farming research and knowledge transfer in 
Wales: ADAS, Elm Farm Research Centre (EFRC), the Institute of Grassland and Environmental 
Research (IGER), the Soil Association and the Institute of Rural Sciences at the University of 
Wales, Aberystwyth (IRS) which also hosts the centre. It is funded by the Welsh Assembly and 
Farming Connect (see below). Knowledge dissemination to producers is a key element of OCW’s 
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remit and services include: a technical helpline available to all farmers in Wales; the production of 
technical guides/fact sheets, research summaries, policy briefi ng and other relevant publications; 
Management of the Organic Conversion Information Service (OCIS) in Wales and the Farming 
Connect Organic Development programme (see below).

Organic conversion information service (OCIS)
OCIS helps conventional producers to understand the implications of organic conversion, and 

thus make an informed decision about the future direction of the farm. In Wales, OCIS is funded 
by the Welsh Assembly and includes telephone advice (through the OCW helpline), an information 
pack with basic information on organic food and farming and up to two on farm advisory visits, 
delivered by ADAS and the Organic Advisory Service.

Farming connect
Farming Connect provides a wide range of services to farmers including business, technical and 

environmental/conservation advice. It is funded by the EU with match funding from the Welsh 
Assembly, and is available to all farmers in Wales (organic and conventional) who can demonstrate 
a labour requirement of at least 550 hours per year. The farming connect programme is underpinned 
by fi ve development programmes for important farming sectors such as beef and sheep, dairy, 
grassland, alternative land use (including horticulture) and organic farming. OCW manages the 
organic programme and as such is responsible for managing a network of development farms 
(institutional), demonstration farms (commercial) and producer discussion groups. It also organises 
seminars and workshops and provides market intelligence information for the sector. In this work 
OCW draws heavily on its partner organisations to deliver the programme. The different services 
employ a wide range of approaches and techniques to communicate with farmers.

Approaches to Knowledge Transfer

One to one advice
The one to one approach is used to deliver advice in areas that are commercially sensitive, or by 

their nature farm specifi c. These included the Farm Business Development Plans and Environmental 
opportunities reviews, technical advice days under Farming Connect and the on farm advice element 
of OCIS. They tend to be highly structured by nature and have very specifi c objectives and focus 
on one particular aspect of farm management.

Group activities
Group activities include the Demonstration and Development farm events, Discussion group 

meeting, seminars workshops conferences etc. These tend to be less structured compared to one 
to one services, and can cover a wider range of topics including technical, business/ marketing, 
environmental and policy issues. One their key aims is to promote the sharing of experiences and 
knowledge between producers, and a group approach to problem solving and have a high level of 
producer involvement. The discussion groups, for instance are led by producers, who decide the 
topic, scope and frequency of meetings. In the case of development and demonstration farm events, 
the Development Centres take a lead role in developing the agendas and selecting the farms. They 
take into account a range of factors including the needs of the industry (as they perceive them, 
based on regular contact with all stake holders in the food supply chain), the policy environment 
and the resources/ research development activities on the particular farm in question.

The group activities are also one of the main mechanisms through which producers communicate 
with the research and development community, and are vital in terms of keeping the support 
organisations in touch with the communities they serve. The discussion groups in particular also 
provide a framework with in which farmer participatory research projects can be undertaken. 
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Work currently underway includes variety trials and a project assessing the quality of propagating 
media.

Literature and electronic information
A range of printed and electronic material, aimed specifi cally at producers supports the one to one 

and group work. The Organic Centre Wales has developed it’s website ( www.organic.aber.ac.uk) 
to become the main resources for producers (and others) on organic food and farming issues in 
Wales. It provides regular updates on the sector through two monthly e-mail bulletins, one on the 
sector generally, and the other focussed specifi cally on marketing and market intelligence. Printed 
materials include Technical Guides (2–30 pp.), Fact Sheets (1–2 pp.), Project Report Summaries 
and contributions to the Organic Farm Management Handbook (approx 225 pp.).  The farming 
press is a key communication channel, in particular the Welsh Assembly’s monthly publication 
‘Gwlad’, is a bilingual magazine sent all farmers in Wales free of charge.

Discussion

Successful communication relies on a variety of mechanisms and approaches. There are clearly 
some areas that are most appropriately dealt with in the context of one to one advice. This is 
particularly true in areas that involve detailed discussion of commercially sensitive and confi dential 
information, or, where advice is sought in and has to be targeted to a very farm specifi c situation 
(e.g. the implications of organic conversion). 

On the other hand, there are clear and well documented examples of the benefi t of a group approach 
to problem solving and the sharing of information and knowledge (for example Röling et al., 1998; 
Scoones et al., 1994). One of the challenges is to link these different services and information 
channels together effectively. In Wales they are currently delivered as separate services and while 
there is effective signposting from one to the other, the end result from a producer’s perspective 
is a series of reports, each focusing on a different area of management. This can mean duplication 
of effort on the part of advisors and makes it diffi cult for farmers to assimilate the necessary 
information to draw up a coherent plan of action. In the context of the new Rural Development 
Plan, and the introduction of the farm advisory service in March 2007, there is an opportunity to 
develop a much more integrated support network, where the different services contribute to a single 
document, culminating in an action plan that covers all key management areas (Financial/ business 
management, Technical enterprise issues, Animal Health and Welfare, Environment, Family and 
social issues) while  also serving to satisfy some requirements of organic certifi cation. This approach 
has particular relevance for the organic systems, because they are themselves more integrated and 
what happens in one part of the system inevitably has an impact on other parts. Issues such as 
nutrient management, environmental issues, animal health, and organic conversion can only be 
fully understood when all parts of system are considered together. It would also provide a context 
within which group activities such as those described above, and other information sources can 
be assimilated. 
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Summary

   A new computer model (EU-ROTATE_N) has been developed with the aim of improving 
nitrogen management on all farms across Europe which include fi eld vegetables in their 
rotations. It brings together aspects of many existing models and contains a number 
of features to make it applicable to organic producers (e.g. taking account of nitrogen 
fi xation by legume containing leys, nitrogen conservation by winter cover crops and 
nitrogen supply by manures and composts). A key feature is the model’s ability to simulate 
economic output and this enables it to be of value to policy makers when considering 
the impact of new measures to reduce environmental pollution. This paper describes the 
model and some initial work that has been conducted to evaluate it under UK organic 
fi eld vegetable systems with contrasting fertility building strategies.

Key words: Organic farming, fi eld vegetables, computer modelling, fertility building 
crops, rotational planning, farm economics  

Introduction

  EU-ROTATE-N is a new model that has been developed by a group of scientists in six Euro-
pean counties. It considers the agronomic, environmental and economic implications of different 
management practices on rotations rather than on single crops. It is intended that it will be of 
use both for farmers/advisors (to help with rotation design) and policy makers (to assess the 
implications of possible legislation). The project began in 2003; although the new model was 
based on N-ABLE, an established soil and plant nitrogen model for fi eld vegetable rotations 
(Greenwood et al., 1996), many new features have been added. It is suitable for both organic and 
conventional conditions and it is intended to be used across the climatic zones of Europe - all the 
necessary soil and meteorological information is included in databases. It is programmed using a 
modular approach so that in the future modifi cations will be relatively easy. An important part is 
the economic sub-model; this calculates appropriate marketable yields, fi nancial outputs and crop 
or rotational gross margins. The information necessary for this (e.g. local size specifi cations and 
prices) can be provided by the user. A cost can also be attributed to nitrate leaching or gaseous 
emissions (Schmutz et al., 2004; Schmutz & Firth, 2005).
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  The model currently contains parameters for 40 cash crops. Fertility building crops (short term 
green manures and green manures) are also included. Special routines have been written to deal 
with nitrogen fi xation, species mixtures in leys, establishment by undersowing, management by 
mowing, litter loss and senescence of annual plants.
  Final validation of EU-ROTATE-N and construction of the graphical user interface is currently 
being completed. It will be available on www.hri.ac.uk/eurotate  by the end of 2006.

Methods

  The performance of the model was assessed by comparing the simulations with measured values. 
Trials were conducted on the Hunts Mill site of Warwick HRI, located in central England. The soil 
is a sandy loam with a low organic matter content. Conversion to stockless organic management 
(vegetables and arable crops) began in 1995 and the site has been extensively monitored since 
1995 (HDRA, 2005). The trials were conducted in adjacent areas having well established rota-
tions with differing fertility building strategies i.e. either a 30 month grass/clover ley or a 7 month 
(overwintered) ley. Both leys were established by undersowing in a spring barley crop and were 
followed in 2003 by a crop of potatoes (to which 45 t ha-1 of farm yard manure was applied), in 
2004 by a crop of carrots and in 2005 by a crop of spring barley. There were three replicate plots 
of each treatment. Regular samples were taken to determine soil mineral nitrogen and crop growth 
was assessed by harvesting by hand or using a plot combine as appropriate.

Results

  Fig. 1 shows the simulation of plant dry matter. In the ley phase (up until spring 2003) the effect 
of mowing the long ley twice each summer is clear, as is the more gradual decline in biomass 
overwinter as litter loss is not replaced with fresh growth in the colder part of the year. Simulated 
nitrogen fi xation is also shown and, as expected, the short ley fi xes much less than the long ley. 
This extra input of nitrogen is refl ected in the biomass production of the following cash crops. 
  Final biomass and marketable yields are given in Table 1. On average the simulations overesti-
mated the biomass by 10% and the marketable yield by 20%. Simulated economic performance 
is shown in Table 2. The gross margins for individual crops were better in the crop sequence with 
the long ley (as a result of the better yields). The average yearly gross margin was higher for the 
shorter rotation with less time dedicated to fertility building. 

Fig. 1 Simulations, using Eu-ROTATE_N, of lant dry matter (thin lines) and nitrogen fi xation (thick lines) 
in two contrasting rotations.  An undersown ley (either 30 months or 7 months duration) was followed in 
successive years by crops of potatoes, carrots and barley.
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  There was a very close match between simulated and measured soil mineral nitrogen. As an 
example the 0-30cm depth results are shown in Fig. 2. Fig. 3 shows simulated nitrate leaching. As 
expected, most of this occurs in the cash crop phase of the rotation rather than from the ley.
 
Table 1. Comparison of measured fi nal plant biomass and marketable yield with simulated values using 

EU-ROTATE_N

Table 2. Economic performance of two contrasting rotations simulated using EU-ROTATE_N

Fig. 2. Soil mineral nitrogen in the top 30 cm of soil; the lines show the simulations using EU-ROTATE_N; 
the points are measured values.
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Fig. 3. Leaching below 90cm depth simulated using EU-ROTATE_N

Crop Biomass (t/ha) Marketable yield (t/ha)
Simulated Measured Simulated Measured Simulated Measured Simulated Measured
Long ley Long ley Short ley Short ley Long ley Long ley Short ley Short ley

Potatoes 13.0 12.2 10.9 8.7 49 32 43 26
Carrots 10.5 10.0 7.7 7.4 57 45 46 37
Spring barley 4.7 -- 3.9 -- 2.9 4.0 2.4 2.6

Crop Output (£/ha) Variable Costs (£/ha) Gross Margin (£/ha)
Long ley Short ley Long ley Short ley Long ley Short ley

Ley 0 0 300 100 -300 -100
Potatoes 14700 12900 7386 6642 7314 6258
Carrots 14250 11500 8297 7054 5953 4446
Spring barley 479 396 149 149 330 247
Total 29429 24796 16132 13945 13297 10851

Yearly average 2659 3617
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Discussion and Conclusions

  The results presented here show that there is a reasonably close match between measured and 
simulated values for two contrasting organic rotations. The main discrepancy is with overestimation 
of the marketable yield (as the model was initially parameterised for conventional production) and 
this can be addressed by alteration of the crop parameters rather than requiring reprogramming 
work. In the example shown the higher marketable yields of cash crops as a result of greater 
nitrogen availability did not compensate fi nancially for the extra costs in rotations with longer 
fertility building periods.  
  In this paper only leaching below 90 cm depth is shown. The model also provides fi gures for 
leaching below 30 and 60 cm and for nitrate recovered below 90 cm by deep rooting crops. 
This is of importance for evaluating the signifi cance of winter cover crops grown specifi cally 
for preventing nitrate leaching. Ascribing fi nancial penalty of nitrate pollution then enables a 
comparison of the cost effectiveness of the various measures available to reduce it.
  Work is ongoing to validate the model under a wider range of conditions and with more diverse 
rotations. In the future EU-ROTATE-N should prove to be a valuable tool that can be used by 
farmers, advisors, researchers and policy makers to support their decision making processes. 
     More information about the EU-ROTATE_N project can be found at www.hri.ac.uk/eurotate.
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Summary

  The research is aimed at implementing a methodology in order to estimate the 
sustainability of an agricultural system, through the use of Agro-ecological and 
Sustainability Indicators. The methodology is applied to three stockless, experimental 
agricultural systems, part of a long- term experiment (MOLTE)  managed with diverse 
typologies (old organic, new organic vs conventional). The results derived from the 
three different management systems are estimated by considering crop rotation and 
effi ciency in terms of energetic, macro-element (N, P, K) and organic matter fl ow. 
These are related to the landscape and biodiversity system, as well as the soil and the 
environmental system. The research shows that the agro-ecosystems managed with 
the organic agriculture method has succeeded to attain optimal levels of sustainability. 
Independently of time duration from conversion, the organic systems are better than 
the conventional system for all indicators, with the exception of the soil indicators that 
showed remarkable resilience.

Key Words: Sustainability and agro-ecological indicators, organic vs conventional 
agriculture, long-term experiment, crop rotation, farm effi ciency, biodiversity, soil 
quality, environmental risk  

Introduction

  Agricultural sustainability is defi ned as a `property’, that is the ability of an agro-ecosystem to 
either maintain or to implement the productive characteristics over time when subject to an action 
of disturbance (Conway, 1987), taking into consideration both the ecological-environmental and 
socio-economic aspects (Altieri, 1987).The use of sustainability indicators has become a frequent 
instrument in the evaluation of agricultural systems (Bockstaler et al., 1997; Dalsgaard et al., 
1997; Tellaini & Caporali, 2000; Mancinelli, 2000; Morse et al. 2001; Lopez-Ridaura et al., 
2002; Nicholls et al., 2004;). A signifi cant pilot research study, entitled ‘European network for 
the planning and the management of Ecological and Integrated Arable Farming System (E/IAFS)’ 
(Vereijken, 1997, 1999; Vazzana & Raso, 1997) was aimed at the evaluation of the sustainability 
using a systems approach, and was applied on farms from 17 countries  The methodology provided 
an important contribution both for the defi nition of a reference levels for agro-environmental 
indicators and for the assessment of a prototype agro-ecosystem with respect to its ability to achieve 
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specifi c objectives. Long-term experiments (LTE) are essential in order to supply empirical data 
for a sustainability estimation of an agricultural system. As far as organic agricultural systems are 
concerned, sustainability is strongly linked to the acquisition of a self-regulatory ability within 
the system that is in need to re-establish relations and an equilibrium between the various biotic 
and abiotic components (Leight & Johnston, 1994; Mader et al., 2002; Pimentel et al., 2005; 
Raupp et al., 2006). According to the organic vision, the farm is a complex system and a living 
organism that aspires to a closed cycle. The livestock activity is strategic as it aids the cycling of 
the elements through the production of manure and the maintenance of soil fertility. Unfortunately, 
animals are not always present on organic farms (Migliorini, 2005). However, are such stockless 
organic farms sustainable over a long period?  Furthermore, is this type of management better than 
the conventional method? If so, for which aspects and under which conditions?

Material and Methods

  For the evaluation of sustainability of both stockless organic and conventional agro-ecosystems, 
a methodology has been adopted in which the following steps have been implemented: agro-eco-
logical characterisation of cases studies, through description of the climate, topography, land use, 
landscape and biodiversity; description of the production processes that characterize and quantify 
both the system inputs (diesel oil, lubricants, seeds, fertilisers, manure, pesticides), and outputs 
(product yields, re-use, cultural residues); calculation of the Sustainability and Agro-ecological 
Indicators for the following aspects: 1) biodiversity and the landscape; 2) crop rotation; 3) soil 
fertility; 4) the effi ciency of macro-elements, organic matter and energy; 5) environmental risk.
  The collected data refer to agrarian years, 2002/2003, 2003/2004 and 2004/2005. Each of the 
fi ve aspects is characterised by various indicators, in order to estimate a specifi c attribute of the 
system (Table 1). An optimal (desirable) value, for every indicator, is selected from the scientifi c 
literature, adapted to the territorial context and to the threshold (minimal) level in compliance 
with requirements by organic agricultural regulations (Reg. the EEC 2092/91 and following 
modifi cations and integrations). This methodology has been applied to the Montepaldi Farm of 
the University of Florence situated in the municipality of S. Casciano, Val di Pesa, FI, subject to a 

long term organic experiment  (MOLTE).   The sustainability  evaluation methodology has  been 

1 WA: Wood area (Lazzerini et al., 2001; Caporali, 2003): FA: Field adjacency; CFS: crop fi eld size; 
FLW: Field length-with (Vereijken, 1997; Vazzana & Raso, 1997); FD: Field density (Caporali, 2003); 
EII: ecological infrastructure index; EIRar: ecological infrastructure arboreal richness (Vereijken, 1997; 
Vazzana et al., 1997); EIDar: ecological infrastructure arboreal diversity (Shannon & Weaver, 1963); EIRhe: 
ecological infrastructure herbaceous richness (Vereijken, 1997; Vazzana et al., 1997); EIDhe: ecological 
infrastructure herbaceous diversity (Shannon & Weaver, 1963); CR: crop rotation; SA: Spices adjacency; 
SS: share spices; SG: share group (Vereijken, 1997; Vazzana et al., 1997); SCIa: soil cover index annual; 
SCIc: soil cover index critic period (Vazzana et al., 1997); OMARs: organic matter soil reserve; TNAR: 
total nitrogen annual reserve; PAR: phosphate available annual reserve; KAR: Potash exchangeable annual 
reserve (Vereijken, 1997; Vazzana et al., 1997); C/N: carbon-nitrogen ratio (Vazzana et al., 1997); NRRD: 
non renewable resources dependency; RE: re-use; OS: overall sustainability; IR: immediate removal; GT; 
Gross tot output from tot input; GS: Gross sold output from total external input (Tellarini & Caporali, 
2000; Migliorini, 2006); OMDif: Humic balance (input-output); OMAB: Organic matter annual balance 
(input/output) (Vereijken, 1997; Migliorini, 1998); GNR: Gross tot output from non renewable external 
input (Tellarini & Caporali, 2000; Migliorini, 2006); ND: net drainage (Landi, 1999); Potential nitrate 
leaching (Vereijken, 1997; Vazzana e Raso 1997); GUS: Groundwater Ubiquity Score (Gustafson, 1993)
2 Hypothesis are verifi ed by ANOVA and the average multiple comparisons are carried out by Bonferroni 
test at the level of probability, as follows: very signifi cant P < 0.01 (**); signifi cant P < 0.05 (*); non 
signifi cant (n.s.). 
3 Relative shortfall (discrepancy) of achieved (A) to desired (D) results 
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Table 1. Sustainability and Agro-ecological Indicators list used to evaluate environmental and 
management system: Achieved results and relative shortfall in the experimental OldOrganic 

(OO), NewOrganic (NO) and Conventional (CO) agro-ecosystems of Montepaldi farm as 
average of 2003/2005 years

Achieved result

(A)2

Relative Shortfall

(A-D)/D3Environmental

and management

system

Acronimy1 m.u.
Desired level

(D)
OO NO CO OO NO CO

WA % SAT x > 10 34,64 34,64 34,64 0,00 0,00 0,00
FA n. x = 1 1,00 1,00 1,00 0,00 0,00 0,00

CFS Ha x > 1 1,30 1,30 1,30 0,00 0,00 0,00
FLW m/m x > 4 5,20 5,20 5,20 0,00 0,00 0,00
FD n. ha-1 max 0,77 0,77 0,77 0,00 0,00 0,00
EII % SAU x > 5 5,69 4,40 1,50 0,00 0,12 0,70

EIRar n. x > 40 13,00 14,00 0,00 0,57 0,53 1,00
EIDar (**) n. x > 2 2,44 2,06 0,00 0,00 0,00 1,00

EIRhe n. x > 40 44,00 48,00 44,00 0,00 0,00 0,00

1
. 

L
a

n
d

sc
a

p
e 

a
n

d

B
io

d
iv

er
si

ty

EIDhe (**) n. x > 2 2,22 2,10 2,07 0,33 0,33 0,67
CR years x > 6 4 4 2 0,00 0,00 0,00
SA n. x = 0 0 0 0 0,68 0,68 1,00
SS % tot. Sp x < 0,167 0,28 0,28 0,5 0,32 0,32 1,00
SG % tot. Gr x < 0,25 0,33 0,33 0,5 0,00 0,00 0,00

SCIa % months x > 50 74,44 74,44 52,29 0,00 0,00 0,232
. 

C
ro

p

ro
ta

ti
o

n

SCIc % months x > 60 82,92 82,92 46,25 0,33 0,33 0,67
OMARs (n.s.) % x > 2,5 1,63 1,65 1,51 0,35 0,34 0,40
TNAR (n.s.) ‰ x > 1,5 1,19 1,21 1,08 0,21 0,19 0,28
PAR (n.s.) Ppm 35 <  x < 25 61,75 83,67 69,95 0,76 1,00 1,00
KAR (n.s.) Ppm 150 <  x < 200 128,16 143,27 137,53 0,15 0,04 0,083

. 
S

o
il

C/N (n.s.) n. 9 < x < 12 8,03 8,06 8,34 0,11 0,10 0,07
NRRD (**) kg/kg min 0,00b 0,00b 0,63a 0,00 0,00 0,63

RE (n.s.) kg/kg max 0,12 0,11 0,00 0,01 0,08 1,00
OS (**) kg/kg max 1,00a 1,00a 0,37b 0,00 0,00 0,63
IR (n.s.) kg/kg min 0,84 0,84 1,00 0,00 0,00 0,19
GT (**) kg/kg max 0,76a 0,66a 0,37b 0,01 0,13 0,52

N
it

ro
g

en
 (

N
)

GS (**) kg/kg 0,8 <  x < 1,0 0,72a 0,62a 0,37b 0,10 0,22 0,54
NRRD (**) kg/kg min 0,00a 0,00a 0,98b 0,00 0,00 0,98

RE (n.s.) kg/kg max 0,33 0,36 0,00 0,08 0,00 1,00
OS (**) kg/kg max 1,00a 1,00a 0,02b 0,00 0,00 0,98
IR (n.s.) kg/kg min 0,82 0,77 1,00 0,06 0,01 0,30
GT (*) kg/kg max 2,46a 1,76ab 0,20b 0,00 0,29 0,92P

h
o
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(P
2

O
5

)

GS (n.s.) kg/kg 1,0 <  x < 1,2 4,51 4,17 0,20 1,00 1,00 0,83
NRRD kg/kg min 0,00 0,00 0,00 0,00 0,00 0,00

RE (n.s.) kg/kg max 0,62 0,60 0,00 0,01 0,04 1,00
OS kg/kg max 1,00 1,00 1,00 0,00 0,00 0,00

IR (n.s.) kg/kg min 0,56 0,57 1,00 0,01 0,02 0,79
GT (**) kg/kg max 2,15a 1,88a 30,51b 0,93 0,94 0,00

M
a

cr
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 e

ff
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n

cy

P
o
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 (
K

2
O

)

GS (n.s.) kg/kg 0,8 <  x < 1,2 17,80 17,07 30,51 1,00 1,00 1,00
OMDif Kg/ha x > 0 -675,59 -664,26 -659,37 1,00 1,00 1,00

S.O. Efficiency
OMAB (n.s.) kg/kg x > 1 0,43 0,43 0,40 0,57 0,57 0,60
NRRD (**) Mj/Mj min 0,70b 0,71b 0,90a 0,00 0,02 0,29

RE (n.s.) Mj/Mj max 0,12 0,10 0,00 0,01 0,13 1,00
OS (**) Mj/Mj max 0,30a 0,29a 0,10b 0,00 0,04 0,68
IR (*) Mj/Mj min 0,95b 0,96a 1,00a 0,00 0,01 0,05
GT (*) Mj/Mj max 3,35a 2,79ab 2,03b 0,00 0,17 0,40

GNR (*) Mj/Mj max 4,81a 3,93ab 2,24b 0,00 0,18 0,53

4
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GS (n.s.) Mj/Mj max 3,20 2,66 2,03 0,00 0,17 0,37
ND m ha-1 x > 90 190 190 175 0,00 0,00 0,00

PNL (n.s.) kg x < 70 74,80 113,80 166,80 0,07 0,63 1,00
5.

Environmental

risk EEP kg ha-1 x < 1,8 0,00 0,0 2,50 0,00 0,00 0,39

applied on three micro agro-ecosystems (AES):  (a) “Old Organic” area of 5.2 ha, divided into 4 
fi elds, organic since 1991; (b) “New Organic” area of 5.2 ha, divided into 4 fi elds, organic since 
2001; (c)“Conventional” area of 2.4 ha divided into 2 conventional fi elds.
  Each fi eld is 1.3 hectares (260 m × 50 m). The agro-ecosystem is surrounded by ecological infra-
structures (hedge, natural and/or planted and/or spontaneous herbaceous strips). A four-year crop 
rotation was adopted in the organic agro-ecosystems (barley-green manure+corn-barley+clover-
clover), whilst a biennial rotation (barley-corn) was adopted in the conventional agroecosystem. 
The present crop rotation is adapted to the typical land use and the farm typology of the pedo-
climatic zone.
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Results

  In Table 1, both the values and the relative shortfall (discrepancies) of the Indicators are listed for 
each agro-ecosystem as a mean value for the years 2003/2005. The following may be concluded:
1. for the landscape and the biodiversity aspects, all the indicators are satisfactory, with the excep-
tion of the Ecological Infrastructures Arboreal Richness (EIR);
2. crop rotation indicators are below the desired level in all the systems, although the organic 
systems are closer to the desired values and superior to those of the conventional;
3. regarding soil fertility, both organic and conventional systems do not satisfy the optimal values 
for organic matter reserve (OMAR), total nitrogen reserve (tNAR), phosphate available reserve 
(PAR) and Potash exchangeable reserve (KAR). However, the Old Organic system shows lower 
discrepancies compared to New Organic and Conventional systems;
4. macro-elements (N, P, K) and energy effi ciency is much higher in organic systems than in 
conventional, while all the systems have very high discrepancies for organic matter effi ciency 
indicating poor organic matter management
5. environmental impact is negligible in the Old Organic, requires attention for the New Organic 
and of great concern for the conventional system.

Discussion

  The analysis of the agro-ecosystem through the Sustainability and Agro-ecological Indicators 
demonstrates that a stockless farm, organically managed for many years, attains an optimal level 
of sustainability. The organic system is better than that of the conventional for all the indicators 
provided, with the exception of the soil indicators that showed remarkable resilience to change. 
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Summary

  In Northern Germany, a diverse and complex experimental farm of the Federal 
Agricultural Research Centre (FAL) was set-up in 2001 covering all main aspects 
of organic farming. Previously, the 600 ha farm had been managed conventionally. 
Adjacent conventional farms were used as reference. The aim of this project was to 
study collembolans, microbial biomass and soil organic carbon in six organically farmed 
fi elds managed as a crop rotation of six different crops compared with an adjacent 
conventionally managed fi eld. We hypothesised that the specifi c management in organic 
farming promotes soil biota. Soil samples were taken during the growing season in 2004. 
Collembolan abundances and microbial biomass were lower under organic management, 
but, generally, collembolan diversity was higher in organically farmed fi elds combined 
with a shifting in the dominance structure of the species. This result reveals that, even 
after three years, the soil biota is still changing with management conversion.

Keywords: Organic farming, Collembola, microbial biomass, soil biodiversity, 
management conversion

  
  

Introduction

Over the last decade, organic farming has become increasingly relevant worldwide, mainly 
because consumers have been increasingly aware of more healthy and safe food. Currently, more 
than 31 million ha of farmland are under organic management worldwide (Willer & Yussefi , 
2006). Europe has 21% of the world’s organic farmland (Willer & Yussefi , 2006). Within the last 
decade, the organically farmed area in Germany increased from 1.6% of the total arable land in 
1994 to 4.5% in 2004.
  Many studies have been undertaken to analyse the management effects of organic farming on 
biodiversity at different scales of time and space. A recently published meta-analysis (Bengtsson 
et al., 2005) revealed organic farming to be often but not always positive on species richness and 
abundance. Its effects are likely to differ between organism groups and landscapes. Contrary to 
above-ground invertebrates, like spiders and ground beetles, fi eld studies on the effects of organic 
farming on below-ground invertebrates are still rare (Becker et al., 2001; van Diepeningen et al., 
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2006). Our aim was to study soil biota (collembolans and microorganisms) in organically farmed 
fi elds compared with a conventionally managed fi eld of an adjacent farm within the same land-
scape.
  We hypothesized that the specifi c management in organic farming promotes soil biota. We 
focussed on collembolans because they obviously support soil forming processes by catalysing 
microbial activity and decomposing processes (overview in Hopkin, 1997).

Materials and Methods

  In Northern Germany, at Trenthorst (53°47’24’’ N; 10°31’45’’ E; 30 m above sea level), a diverse 
and complex experimental farm covering all main aspects of organic farming was set-up in 2001, 
managed by the Institute of Organic Farming (Federal Agricultural Research Centre). Previously, 
the 600 ha farm had been managed conventionally in a very intensive way. All the converted fi elds 
were managed and certifi ed according to the EU 2092/91 norms.
  In total, the experimental area covered more than 50 fi elds (10–20 ha each). Each fi eld contained 
four sampling sites of 2 m in diameter for annual monitoring. We sampled six organically farmed 
fi elds, each managed as a crop rotation of six different crops (Table. 1). For comparison, we 
sampled a conventionally managed fi eld of an adjacent farm. The soil type is a Luvisol (FAO) 
with a texture ranging from sandy loam to loamy sand and pH values around 6.5 to 7.1.
  

Table 1.  Current crops (mixed in some cases), total number of collembolan species, 
the corresponding Shannon-Weater diversity index and evenness from organically and 

conventionally managed fi elds

Field Management Crops
Coll. 

species
Shannon-
Weaver

Evenness

2
4
6
8
10
12

Organic Farming Grass, clover
Peas, summer barley

Winter wheat
Grass, clover

Oat, cow beans
Triticale

27
25
25
18
22
15

2.37
2.72
2.62
2.07
2.30
2.42

0.72
0.84
0.81
0.72
0.74
0.89

51 Conventional farming Winter barley 20 2.11 0.70

Table 2. Relative collembolan species distribution [%] presented for those species being 
dominant in at least one sampled fi eld; numbers greater than 10 % indicate dominance

Dominant collembolan species
Organic farming Conv. farm.

2 4 6 8 10 12 51
Friesea mirabilis
Supraphorura furcifera
Stenaphorurella denisi
Mesaphorura krausbaueri s.l.
Parisotoma notabilis
Isotomiella minor
Cryptopygus thermophilus
Isotomurus palustris

2.0
17.1
9.8
5.5
0.1
8.8
9.5

28.1

7.6
3.8
5.4

14.0
5.4

16.9
6.4
9.6

6.6
5.6

11.9
3.3
7.9
7.9

24.5
4.0

0.2
1.8
5.2

11.5
20.8
3.6

32.8
8.4

4.6
12.5
17.4
27.4
0.3

11.6
1.8
1.2

13.9
9.0
8.6

16.7
10.2
3.7
3.7

12.7

3.8
7.4
2.9
2.3

10.3
1.4
4.3

43.0
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Fig. 1. Arithmetic means (+SD) of collembolan density (a), microbial biomass (b), organic carbon (c) 
and the microbial carbon (C

mic
) to organic carbon (C

org
) ratio (d) from fi elds managed by organic and 

conventional farming.

Sampling was conducted at the four defi ned sampling sites in all seven fi elds. For collembolans, 
soil cores from 0 to 10 cm soil depth were taken twice during June and July 2004. Each of the 
four sampling sites of each fi eld was sampled three times on both dates. The soil cores were 
extracted for microarthropods according to the high gradient method of MacFadyen (1961). The 
collembolan species were identifi ed according to the keys of Gisin (1960) and Dunger (1994-
2004). Species represented by greater than 10 % of the total density were classifi ed as dominant. 
For microbial biomass (C

mic
) and organic carbon content (C

org
) determinations, three bulked soil 

samples from all four sampling sites of each fi eld were taken (0-30 cm). Cmic was analysed 
by substrate induced respiration (SIR method) according to Anderson and Domsch (1978). C

org
 

contents were measured by dry combustion using an autoanalyser after pre-treatment of the soil 
samples with 0.1 n HNO

3
 (DIN ISO 10694, 1995).

Results

  The total abundance of collembolans differed widely among organically farmed fi elds ranging 
from 23000 (fi eld 4) to 49000 (fi eld 2) individuals m-2 on average (Fig. 1a). Overall, the means of 
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individual density in organically farmed fi elds were signifi cantly different (ANOVA: p = 0.008). 
In the conventionally managed fi eld, the mean individual density of collembolans reached 70000 
individuals m-2 with a high standard deviation of 55000 individuals m-2. The difference between 
organically and conventionally farmed fi elds was not signifi cant.
  In total, 42 collembolan species out of fi ve families were identifi ed (Poduridae, Onychiuridae, 
Entomobryidae, Sminthuridae, Isotomidae). The organically farmed fi elds were characterised by 
higher species richness (22 species on average) than the conventionally farmed fi elds (20 species) 
(Table. 1). Species diversity was higher under organic farming, as indicated by higher Shannon 
Weaver index (2.42) and evenness (0.79) compared to conventional farming (Table. 1).
  In the conventionally farmed fi eld, Isotomurus palustris was the most abundant species covering 
43 % of all collembolan individuals (Table. 2). Together with the second dominant species in 
this fi eld (Parisotoma notabilis), they comprised > 50 % of the whole pool of individuals. In 
comparison, the organically farmed fi elds were characterised by a less heterogeneous species 
distribution (Table. 2). Although the dominant species of plot 8, 10 and 12 also included > 50 % 
of all collembolan individuals, we found three (fi eld 8) and four (fi elds 10 and 12) dominant spe-
cies sharing more than half of all individuals. Considering all organically farmed fi elds sampled, 
Mesaphorura krausbaueri s.l. was the most striking species being dominant at four out of six 
fi elds.
Generally, the microbial biomass (Fig. 1b) of the organically farmed fi elds (mean 415 μg g-1 dry 
soil) was signifi cantly lower (P = 0.04) compared to the conventionally farmed fi eld (495 μg g-1 
dry soil). The differences between the organically farmed fi elds were also signifi cant (ANOVA: P 
< 0.001). The mean C

org
 content of the organically managed fi elds was 1.12 %, which was signifi -

cantly lower (P = 0.009) than the Corg content of the conventional fi eld 51 reaching 1.55 % (Fig. 
1c). The variation among the organically managed fi elds was low and not signifi cant. The ratio of 
microbial carbon to organic carbon (Cmic in Corg) (Fig. 1d) in the conventionally farmed fi eld 
(3.2 %) was lower than in the organically farmed fi elds (3.45 %), but not signifi cantly. The Cmic 
in Corg ratio amongst organically managed fi elds varied signifi cantly (ANOVA: P = 0.02). There 
were signifi cant positive Pearson correlations between the collembolan densities and microbial 
biomasses (r2 = 0.70; P = 0.019) as well as Corg contents (r2 = 0.79; P = 0.008).

Discussion

  We conclude from our results that the organic conversion processes are not yet completed. 
The soil biota refl ects a dynamic in the conversion to organic farming even after three years. 
On one hand, we found decreased collembolan abundances. On the other hand, the collembolan 
species diversity is increasing. Comparable results have been presented by van Diepeningen et 
al. (2006) for soil nematode communities. Furthermore, the increasing C

mic
-to-C

org
-ratio indicates 

an improved bioavailability of organic carbon. Such heterogeneous patterns are quite comparable 
to those found directly after other agricultural management conversions, such as, for instance, a 
tillage conversion from ploughing to reduced or even no tillage.

  It remains an open question, how the soil biota will develop in the future under the specifi c 
management conditions of organic farming in this area. For the collembolans, possible develop-
ments might be a shifting in the dominance structure of the species, changes in biodiversity and 
abundance, modifi cations in the decomposing food web etc. To answer such questions, the whole 
sampling procedure should be repeated on the same monitoring fi elds after another fi ve years of 
continuous organic farming.
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Summary

  Although it is the aim of organic farming to increase biodiversity, there is little infor-
mation about the impact of organic farming on birds. From 2001 to 2003, the number of 
breeding birds was recorded annually on the organic experimental farm of the Institute 
of Organic Farming (600 ha), and on adjacent conventional and organic farms (60 ha and 
40 ha) in Northern Germany.
  The number of skylark (Alauda arvensis) territories increased considerably after the 
conversion from conventional to organic farming on the premises of the Institute. Their 
number remained unvaried on the conventional farm. The highest density of skylark 
territories was found on the farm which has been under organic management for many 
years. The number of yellowhammer (Emberiza citronella) territories fl uctuated largely 
in relation to the availability of fi eld margin strips, both on conventional and organic 
land. During the breeding season aerial hunters (swallows and swifts) and raptors sig-
nifi cantly preferred organic fi elds. Outside the breeding season, densities of raptors (in 
autumn and in winter), seed-eating birds (in autumn) and insect-eating birds (in autumn) 
were signifi cantly higher on organic than on conventional fi elds.

Key words: Organic farming, skylark, yellowhammer, farm management system 

 Introduction

  Organic farming enhances the biodiversity of cultivated plants, domestic animals and natural 
fl ora and fauna. Several scientifi c studies proved the positive effect of organic farming on 
biodiversity (Soil Association, 2000; Rahmann, 2004). So far, however, investigations regarding 
the signifi cance of organic farms as habitats for birds are rare, although they are an excellent 
indicator for the impact of agriculture on biodiversity. Birds occupy nearly every habitat and are 
the richest vertebrate species in Germany. Additionally, they respond quickly to changes in the 
management system.
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  Farmland birds show the most diminished number of species in Western Europe and have been 
facing enormous losses during the last decades (Bauer et al., 2002; Tucker & Heath, 1994; Witt et 
al., 1996), because of an intensifi cation of agriculture (Donald et al., 2001). Under the same agro-
environmental conditions, organic farming is usually less intensive than conventional farming 
(Rahmann, 2004). Consequently organic farming  has been proven  to have a positive effect on the 
abundance of agriculture-related birds (Christensen et al., 1996; Chamberlain et al., 1999; Flade 
et al., 2003; Laussmann & Plachter, 1998; Hötker et al., 2004). This study shows how the conver-
sion from conventional to organic farming in 2001 changed the preferences of farmland birds. The 
abundance of all nesting birds was assessed in 2001. In 2002 and 2003 the ground nesting and 
foraging sky lark (Alauda arvensis) and the hedge nesting and farm land foraging yellowhammer 
(Emberiza citronella) were chosen as sensitive indicator species to follow up any shifts caused by 
conversion and farm management practices, respectively.

Material and Methods

  The organic experimental station of 600 ha (500 ha pastures and crop land; 80 ha forest; 20 ha 
miscellaneous), was converted to organic farming in 2001. The production potential of the soils 
is high and the farm land had been used very intensively over the last centuries. The single fi elds 
are 10 to 20 hectares in size and divided by hedges (Fig. 1). Natural water ponds and streams are 
scattered over the farm area. 

Fig. 1. The landscape of the 600 ha large organic experimental station of the Institute of Organic Farming 
in Northern Germany (10°30’ N, 53°46’ E, 40 m a.s.l.)

  The total bird population (territory assessment) was documented in 2001. Sixty hectares of an 
adjacent conventional farm was used as a control. Later, a 40 ha private organic farm adjacent 
to the experimental farm was part of the investigation to evaluate the long-term effects of 

P asture C rop land
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organic farming. In 2002 and 2003, populations of skylark and yellowhammer were recorded. 
The assessment of the bird territories followed the methodology of Bibby et al. (1995) and was 
carried out in May, continuously from sunrise to sunset with a break at midday. The procedure was 
repeated four times in the forests and fi ve times on the open land. 

Results

  Bird habitat changes due to conversion towards organic farming
  The biodiversity of cultivated crops increased signifi cantly after conversion to organic farming. 
Additionally, about one third of the farmland was converted to grass/clover cultivation (green 
manuring). Mean yield of crops decreased signifi cantly (Table 1). 

Table 1. Agricultural production before (conventional) and after conversion to
organic farming (mean yield of all harvested crops in t ha-1)

Bird territories
  About 63 different bird species with 1,256 territories could be detected in 2001 (without water 
fowl and building-related birds). Nine of them are on the “red list” for endangered birds in Sch-
leswig-Holstein (Hötker et al., 2004). Only 5.4% of the bird species were related to open farm 
land, but 94.2% to forest and tall trees. 

Infl uence of conversion to organic farming on farmland- related birds
For yellowhammer (Emberiza citronella), 1.06 territories per 10 hectare (T 10 ha-1), and for sky 
lark (Alauda arvensis), 0.5 T 10 ha-1 were counted. Most of the sky lark territories where found 
on winter barley (1.44 T 10 ha-1) and winter wheat fi elds (0.9 T 10 ha-1). Grassland (0.8 T 10 ha-

1), fallow land and oilseed rape (0 T 10 ha-1) were less important as habitats. Though the acreage 
of winter barley and winter wheat decreased with the conversion to organic farming, the number 
of both birds increased in 2002 and 2003 (Table 2). Birds from the conventional farm probably 
moved to the organic fi elds.

Discussion

  The conversion of a conventional to an organic farm management system will attract birds such 
as yellowhammer and sky lark and increase their territories. Increased biodiversity of cultivated 
crops, weeds and ultimately sources of food are a principal advantage for birds. Agri-environ-
mental payments for converting to organic farming should be fi nancially sponsored with a view 
to such habitat conservation. 

Conv. Conv. Conv. Organic Organic Organic
Year of cultivation 97/98 98/99 99/00 00/01 01/02 02/03
Cultivated crop t ha-1 t ha-1 t ha-1 t ha-1 t ha-1 t ha-1

Winter barley (Hordeum vulgare) 7.9 8.9 9.1 2.4 2.2
Winter wheat (Triticum aestivum) 7.9 10.0 11.0 4.0 8.8 6.8
Winter rape (Brassica napus) 4.1 4.5 4.6 2.3 2.7 1.7
Oats (Avena sativa) 7.1 5.2
Fodder peas (Pisum sativum) 3.1 1.6 5.5
Summer wheat (T. aestivum) 0.5 2.7
Summer barley (Hordeum vulgare) 2.3
Triticale (S. cereale x T. aestivum) 3.2 2.7
Rye (Secale cereale) 2.9
Spelt (T. aestivum spelta) 0.9 4.2
Flax (Linum spp.) 0.8 0.8
Horse beans (Vicia faba) 3.7
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Table 2. Density of bird territories of yellowhammer (Emberiza citronella) and sky lark (Alauda 
arvensis) 2001 – 2003 (territories per 10 hectares) 
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Year
Private

Conventional Farm
Organic

Experimental Farm
Private

Organic Farm
Alauda 2001 1.9 1.3 no data
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2003 1.1 2.0 7.3

Emberiza 2001 0.8 1.0 no data
citronella 2002 1.2 1.7 1.8

2003 0.6 0.6 2.7
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Summary

  
  Previous studies suggest widespread positive responses of biodiversity to organic 
farming. Many of these studies, however, have been small-scale. This project tested the 
generality of habitat and biodiversity differences between matched pairs of organic and 
non-organic farms containing cereal crops in lowland England on a large-scale across 
a range of taxa including plants, insects, birds and bats.  The extent of both cropped 
and un-cropped habitats together with their composition and management on a range 
of scales were also compared. Organic farms was likely to favour higher levels of 
biodiversity and indeed organic farms tended to support higher numbers of species and 
overall abundance across most taxa.  However, the magnitude of the response differed 
strikingly; plants showed stronger and more consistent responses than other taxa. Some, 
but not all, differences in biodiversity between systems appear to be a consequence of 
differences in habitat quantity.

Key words:  Biodiversity; farming systems; organic farming; large-scale; management   

Introduction

  Loss of biodiversity on agricultural land is underpinned by a reduction in the diversity and 
complexity of habitats at various scales (Benton et al., 2003). Recent reviews of numerous small 
and local scale organic farming studies investigating biodiversity on organic farms indicate a gen-
eral trend towards increased species richness and abundance for plants, predatory invertebrates 
and birds on organic farms which varies across studies and organism groups  (Hole et al., 2004, 
Bengtsson et al., 2005). The extent to which higher levels of habitat heterogeneity on organic 
farms compared to their non-organic counterparts (Roschewitz 2005) and the organic system 
itself infl uence these fi ndings may be key to recognising potential routes for restoring farmland 
biodiversity.
  This paper presents data from the most comprehensive comparative study to date on the effects of 



192

organic and non-organic farms, their management and habitats, on plants, predatory invertebrates, 
birds and bats in an attempt to shed some light on the factors contributing to any biodiversity 
differences between organic and non organic systems.

Materials and Methods

  Methods are described in detail in Fuller et al. (2005). The basic approach was a large-scale 
comparison of organic and non-organic farms paired on the basis of proximity, crop type and 
cropping season. Organic farms of at least 30 ha with contiguous organic fi elds containing arable 
land were identifi ed from the databases of the Soil Association and Organic Farmers and Growers. 
The organic target fi elds covered a range of ages since conversion. Data were collected from 89 
pairs of farms with virtually all suitable organic farms in England growing relevant crop types 
at the time of the study examined for a minimum of three taxa (plants, spiders, carabid beetles).  
Plants and invertebrates were sampled on the same 89 pairs of cereal fi elds (‘target fi elds’).  All 
fi elds sampled in year 1 of 3 were spring cereals, all fi elds thereafter were winter cereals.  Birds 
and bats were sampled at a larger spatial scale extending over several fi elds. Habitat data were 
collected at farm and fi eld levels over three cropping seasons.  Farmers were asked 40 questions 
concerning management of the target fi eld and the whole farm.

Results 

  Numbers of species, measured as species density and abundance were typically higher on or-
ganic farms (Table 1) with differences unevenly distributed across taxa.  The strongest and most 
consistent effects were for plants and the weakest effects were for carabids. 

Table 1. Biodiversity comparisons in favour of organic farming from the full range of compari-
sons in the study. Signifi cant differences in favour of organic farming are indicated in bold, * 

indicates a signifi cant difference in favour of non-organic systems
 

 
    

  The density (km ha-1) of all boundaries and of hedges was higher on organic than non-organic 
farms (means of 0.15±0.02 and 0.10±0.01, n=48, P < 0.05; 0.12±0.02 and 0.07±0.01, n=48, P 
< 0.01 respectively).  The proportion of land that was grass rather than cropped land was much 
higher on organic than non-organic farms (respective % means of 37.7±3.5 and 17.2±2.5, n=56, P 
< 0.001).  Organic target fi elds were smaller than their non-organic pairs (7.3±0.5 ha and 10.7±0.9 
ha, n=89, P < 0.001).  There were also marked differences between systems in hedgerow structure 
around the target fi elds (Fig. 1).  Height (P < 0.05), base width (P < 0.05) and top width (P < 0.01) 
were greater on organic farms and there were higher numbers of gaps in hedgerows (P < 0.05) 
surrounding non-organic fi elds.  There were no signifi cant differences between systems in the 
number of trees and the number of tree and shrub species recorded in hedges.

Taxa Number of
species

Diversity Abundance

Plants 3/3 2/2 (1) 2/2 (1)

Spiders 4/4 (1) 3/4 4/4
Ground beetles 2/4 (1*) 1/4 3/4
Winter birds 2/2 2/2 2/2

Bats 1/1 1/1 1/1
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Fig. 1. Estimated scale of responses to organic farming 

  Based on interviews with farmers we quantifi ed a further range of signifi cant ( P <0.05) dif-
ferences between systems that were likely to infl uence biodiversity. Organic farmers sowed 
crops later in all three years. Rotations differed, with organic systems always including a ley as 
part of a cereal/vegetable rotation. Approximately a fi fth (22%) of non-organic farms cropped 
continuously, but no organic farmers did. Organic farms were more likely to include livestock 
(and a wider variety of types) and were more likely to use them on arable land. Organic farmers 
cut their hedges less often and were more likely to use a traditional hedge management method 
(laying). More organic farms (64%, n = 73) had agri-environment agreements (in addition to the 
Organic Farming Scheme) than non-organic (43%, n = 87).  There were no signifi cant differences 
between farm types in farm size, woodland area, number of ponds, the extent and management 
of permanent pasture or whether set-aside was rotated or permanent.  More non-organic farmers 
used natural regeneration as a set-aside option than did organic farmers.  

Discussion

  The indications from this study, as with previous work (Hole et al., 2005), are that organic farm-
ing is associated with higher levels of biodiversity.  The striking result was that plants were far 
more consistent and pronounced in their response than other taxa, as in Bengtsson et al. (2005). 
  Whilst the exclusion of synthetic pesticides and fertilisers from organic farming is a fundamental 
difference between systems the study revealed that organic farms also differ from non-organic 
farms in the extent, composition and management of habitats.  These differences between farming 
systems are key to understanding biodiversity differences between farms. Organic farming is 
clearly a complex and well-integrated system approach. Habitat heterogeneity within the system 
is linked to rotational and cropping practices (usually including livestock) as are the extent and 
quality of habitat components. The importance of landscape heterogeneity for biodiversity has 
been recognised in previous studies, e.g. Roschewitz (2005) which showed that conventional 
vegetation reached similar diversity levels in complex landscapes. This study shows that complex 
heterogeneous landscapes are as integral to the organic system as the non-use of synthetic pesti-
cides and fertilisers and help to explain the biodiversity advantage which organic farms showed 
over their non-organic counterparts in this study.
   It is possible that the differences in magnitude in species density and abundance between taxa may 
be accounted for by differential impacts of temporal and spatial scales on the colonisation traits 
of organisms. Plants are more directly and immediately affected by both pesticide and fertiliser 
inputs, but have the ability to recolonise from the seed bank immediately following conversion to 
organic management.  For other taxa, recolonisation is affected by proximity of population sources 
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both in time and space.  Many organic farms are isolated units, embedded in non-organic farmland 
managed with conventional levels of pesticide and fertiliser inputs, often coupled with relatively 
low levels of habitat heterogeneity, which inevitably affects species colonisation.  Furthermore, 
most existing organic farms probably offer insuffi cient resources to affect population sizes of 
species with large spatial needs, notably birds.  

  The extension of organic farming is a potential means of re-establishing heterogeneity of farm-
land habitats, and thereby enhancing farmland biodiversity. However, the total area of organic 
farmland relative to non-organic remains small (currently < 3% of English farmland is organic).  
Strategies aimed at increasing both the total extent of organic farming and the size and contiguity 
of individual organic farms, could help to restore biodiversity in agricultural landscapes.
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Summary

  The impacts associated with alternative methods of agricultural production, and the 
factors that drive their adoption, are critically dependent on the scale at which they are 
applied. Using organic farming as a case study, this project operating from 2006–2009 
in the UK, will undertake an integrated assessment of scale effects by studying matched 
sets of farms situated in landscapes with high and low concentrations of organic farming. 
Clusters of organic and conventional farms to work with have been identifi ed in the 
South West and Midlands region of England.

Key words: Organic, soils, water, biodiversity, farm economics, socio-economics, 
scale
  

Introduction 

  Intensive agriculture is costly; the loss of farmland biodiversity has been described as Europe’s 
most pressing conservation problem, and agricultural water usage and agrochemical run-off have 
substantial economic and environmental costs.  In response to a need for greater sustainability, 
signifi cant amounts of UK farmland are being converted from ‘conventional’ farming (intensive 
arable and livestock production) to alternative land uses, such as organic farming.  The effects of 
changes in farming practice on both the rural environment (including hydrological and biodiversity 
effects), and the rural community (including socio-economics and culture) will crucially depend 
both upon the scale of uptake of particular methods and the scale at which they are assessed.  
Therefore the project addresses two key questions:
(1) what infl uences the spatial concentration of organic farms, at a variety of scales? 
(2) what are the corresponding scale-dependent effects of different farm concentrations on the 
ecological, hydrological, socio-economic and cultural impacts of those farms?
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  Farms cannot be treated independently of their context; organic farms that are surrounded by 
conventional agriculture may receive indirect protection from insect pest or weed infestations by 
their neighbours’ practices. Conversely, some of the biodiversity benefi ts of organic agriculture 
may not be realised when only a small area of land is under organic management, as small    
isolated habitat fragments may be insuffi ciently large to maintain viable populations of some 
species (Ovaskainen,  2003).  Similarly, the biodiversity impacts of a particular farming practice 
may also depend on the landscape in which it is embedded.  Although maximising farmland 
biodiversity requires spatio-temporal variation in management (rotation etc.), characteristic of 
organic agriculture (Hole et al., 2005), it is unclear whether this is most benefi cial at the farm-
scale level or landscape (i.e. several farms) level.  The hydrological consequences of organic 
farming practices depend on cultivation patterns at the watershed (area drained by a water body) 
scale, which may limit the usefulness of considering management changes at the individual fi eld 
or farm scale. Landscape-scale considerations may also infl uence socio-economic aspects of 
farming.  In a study of those abandoning organic farming the problems were not technical ones 
of pest or disease control, but the economic consequences of geographic isolation (Rigby et al., 
2001).  These isolation effects may be a lack of advice and information or in terms of there being 
a critical mass of producers to enable alternative processing and marketing chains to develop.  
Local networks of organic producers may better support purchasing, processing and distribution 
cooperatives and mutual support networks.  These networks help to strengthen the social capital 
of farming communities, and in so doing can effectively decrease transaction costs associated 
with the start-up investments of new organic farms in neighbouring communities and thus speed 
the diffusion of organic farming (Flora, 1995). On the other hand, local concentrations of organic 
producers may lead to competition for local markets and thus drive down each others’ profi ts.

Methods and Approaches

 The project will aim, for the fi rst time, to conduct (a) an integrated assessment of the hydrological, 
environmental, social and economic effects of land management, using   organic   farming as a case 
study, and (b) to encompass scales that range from fi eld to landscape to national. These impacts 
will be investigated using matched pairs of organic and conventional farms, set in landscapes 
that contrast greatly in the fractions of the land under organic cultivation. Within each landscape, 
focal organic and conventional growers on similar soils and landforms and growing similar crops 
will be selected for study.  Empirical analyses and modelling will be conducted across nested 
spatial scales: from fi eld to farm and more extensively across the surrounding biophysical and 
social landscape. In combination with social survey approaches, the effects to be studied include 
(i) bird, invertebrate and plant biodiversity, (ii) soil physical properties, the ease of soil working 
and tillage energy requirement, (iii) water infi ltration rates which affect run off, soil erosion and 
nutrient transfer to downstream surface waters, (iv) farm economic fl ows, and value added, (v) 
on-farm resources use, (vi) marketing choices and supply chain coordination, (vii) cross-farm 
social interactions and (viii) farm family cultural attitudes. We will also investigate issues such as 
whether there is a necessary critical mass required in order to set up alternative supply networks 
that stimulates conversion decision to organic farming. This will identify the drivers infl uencing 
the spatial density of particular land management practices and whether they will lead to organic- 
or conventional-dominated landscapes.
The analysis of this project is based on a systems approach. We will identify the essential sub-systems 
(e.g. watershed, landscape) and will study their mutual relationships, and their contributions to the 
performance of other components and the system as a whole (Fig. 1).  Change in the system over 
time is seen as a co-adaptive process involving interacting sub-systems in a common environment 
in which each sub-system responds according to its own process characteristics. This process can 
be applied recursively to ever smaller parts (e.g. farms within landscapes, support networks).    
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Fig. 1. Social-ecological systems as interacting nested sub-systems.

The viability of the total system (Bossel, 2001) depends on the viability of the relevant sub-
systems (e.g. non-cropped habitat, networks, farms, hydrology).
  In the fi rst six months of the project one of the main tasks has been the selection of farm sites. 
This has been undertaken by using a geo-referenced database of organic farms which has been 
developed at a national scale, using data from the Soil Association, Organic Farmers & Growers 
(OFG), Magic, and the DEFRA organic production group in the Agricultural Statistics unit in 
York. These geo-referenced data showing farm location, size and type will be fi ltered within the 
GIS to select a suitable sample of farms that meet the requirements of the project for clusters of 
adjacent organic farms and single organic farms surrounded by non-organic farms.  The sample 
farms has been cross-checked against small scale maps, such as the National Soil Map, a regional 
scale map published at 1:250,000 scale and land cover data to help identify focal landscapes that 
includes similar crops, soil type, slopes, climate and farm type. Wherever possible, focal farms 
are sited near the centre of each focal landscape, and chosen to represent regionally representative 
agricultural systems.  More precise focal crop and fi eld choices to monitor are being made in con-
sultation with participating farmers.  Within each focal farm, land will be divided into coarse land 
use categories of arable cropland, agricultural grassland, and fi eld margins/boundaries. Clusters of 
organic and conventional farms to work with have been identifi ed in the South West and Midlands 
region of England.
  The project combines qualitative and quantitative empirical techniques with modelling. In ad-
dition we use participatory approaches, such as workshops, in an iterative learning process for 
the natural and social scientists within the team and stakeholders.  The work is organised in nine 
integrated work packages (Fig. 2)/
Field surveys of fauna, fl ora, water fl ows and soil quality will be combined with a programme of 
structured and open interviews in focal neighbourhoods and within the wider organic food chain 
to explore the important interactions between these dimensions, and assess their sensitivity to 
neighbourhood context. These analyses will be applied in constructing and evaluating scenarios 
for future development of the organic sector, for a nested set of local, regional and national case 
studies, by exploring the potential impacts of different spatial concentrations of organic farming 
on important aspects of both human and bio-physical environments.

Policy related outputs and implications
  A deeper understanding of how land managers network and co-ordinate across farm boundaries 
to infl uence economic development and environmental objectives at a landscape scale will address 
a key objective for rural policy research as fl agged in recent policy documents. 
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Fig. 2. Methodological framework and structure of the project
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Summary

  Legumes in low input systems are becoming increasingly important. The socio-
economic implication of the adoption of novel legumes species has been assessed in 
sheep and dairy cattle grazing systems in Europe using a biological model which has 
been linked to linear programming models. In the economic sub-model, the mathematical 
programming models produce an economic evaluation of the legumes in a farming 
system context, emphasising the land allocation and the availability of nutrients during 
the different seasons of the production cycle. Then the paper evaluates the impact of 
adopting the legumes on the regional income and production. In the UK and Germany, 
the introduction of legumes results in sizeable gains for the farmers whereas in Italy and 
France the gains are smaller.  

Keywords: Farm economic profi tability, legumes, sheep farm system, dairy farm 
system
  

Introduction

  Low-impact sustainable agriculture systems are needed to produce healthy, good quality foods 
without contributing to the decay of environment and landscape. Legumes are important N-fi xers 
and usually provide good quality, relatively safe proteins. Moreover legumes are widely spread 
in the European pastures as native or sown forages and these pastures feed great part of European 
livestock. Accordingly it has been forecast that legume-based production systems in Europe will 
expand. In the EU funded Leggraze project, the adoption of white clover, red clover, causican 
clover and lotus have been assessed in Northern Europe whereas in Southern Europe the species 
assessed were burr medic, subterranean clover, sulla and sainfoin. To assess the overall socio-
economic implications of these legume-based systems, an environmental analysis followed by 
an economic analysis has been carried out. A biological simulation model that has been validated 
against trial results was used to assess the environmental implications of the novel legumes 
assessed. Four mathematical programming models, one for each country, were formulated to 
assess the economic implications of these novel legume species. In contrast to the biological 
model, which was focused on the simulation of the grass legumes performance, the mathematical 
programming models produced an economic evaluation of the legumes in the context of a farming 
system, putting emphasis on the land allocation and the availability of nutrients during the different 
seasons of the production cycle. 
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Biological model
  A model of the grazing systems has been developed to investigate forage and animal production 
of mixed legume swards in Europe. The systems model of animal production seeks to build on 
earlier work by Topp & Doyle (2004) and to incorporate the detailed description of carbon and 
nitrogen fl ows within the crop described by Thornley (1998). In order to describe the water and 
nitrogen processes within the soil, the sward model has been linked to SPACSYS (Wu et al., 
submitted), which describes the soil water and nitrogen processes. The sheep meat and sheep milk 
production systems, the beef system model and the grazing process are described by Topp (1999). 
The silage and milk yield, and the liveweight gains in the grazing livestock were used as inputs to 
the linear programming model.

Models of the Studied Farm Systems

Description of the analysed farming systems
  There are four farm systems: the fi rst one, a meat sheep farm system is located in France (Eastern 
Pyrenees); the second one, situated in Germany (Lower Saxony) is a dairy cattle system; the third 
one, a dairy sheep farm system is located in Italy (Sardinia) and the fourth one is a meat sheep 
farm system in the UK (Devonshire). The farm system in France is a meat sheep farm system in 
the region of Eastern Pyrenees, where the typical farm has approximately 242.1 hectares of which 
200 hectares are cultivated with rough grass, 16 hectares are cultivated with cereals, and the 
remaining hectares are cultivated with irrigated grass. The farm has approximately 155 ewes in 
the spring fl ock and 197 ewes in the autumn fl ock. Animal requirements for this farm system were 
provided in terms of grains, hay and pasture. As sainfoin is currently part of the production, the 
model considers the introduction of two productive alternatives into the farmer production plan: 
(1) crimson clover and grass, and (2) lucerne and grass. The farm system in Germany (Lower 
Saxonia) consists of a dairy farm with 70 hectares of forage (grass) and approximately 50 cows 
and 62 heifers. The farm system in Italy (Sardinia) is a dairy sheep farm. It consists of 65 hectares 
of land, from which 48 hectares of rough grazing, 12 hectares of winter forage crops and 5 hectares 
cultivated with wheat. The legumes that are expected to enter into the system to replace winter 
forage are burr medic, subterranean clover and sulla. The farm system in the UK is a lowland 
sheep farm with an approximate area of 100 hectares, of which 50 hectares are cultivated with 
cereals and 50 hectares are for grazing and forage, originally planted with high quality grass.

Economic profi tability of the introduction of legumes
  The linear programming models used to evaluate ex-ante the possibility of incorporating the 
novel legumes into the farm systems are based on Weitkamp et al. (1980), who constructed a 
model to evaluate different land management alternatives together with feeding strategies for a 
ranch. Similarly, the models used here have the goal of solving the mathematical problem of how 
to maximise the gross margin of a farm subject to the availability of resources. One diffi culty 
encountered with mathematical programming models is to select which resources are in fact going 
to constrain the farm system. The analysis focussed on three types of constraints: namely land, 
feeding requirements and capital constraints. A labour constraint was not included because labour 
was indicated to have a low probability of constraining the uptake of the legumes as part of the 
production plan. 
  In the linear programming models, revenues and costs were considered as proportional to the 
number of animals. This assumed that farmers maintained the same proportion of animals, such 
as the proportion of lambs or rams to ewes or of bulls or heifers to cows. In addition, the revenues 
were net of costs other than the feeding costs (including in this category both the purchase of 
feedstuffs such as silage, hay or concentrate and the production of forage). This particular method 
of presenting the mathematical problem puts the emphasis on the seasonality of the production 
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of feedstuff and of the particular requirements of the animals, such as feed requirements during 
pregnancy or lambing period. 

Economic analysis of the uptake of forage legumes
  The starting point to test the adoption of the novel legumes was to stipulate that they would 
have a higher probability of being adopted if they produced gross margins greater than the ones 
obtained from the production plan currently carried on by the farmer. This is certainly a consider-
able simplifi cation as the number of factors that may affect the adoption of crops or technology 
is high. To perform the simulations it was assumed that the farmers were capital constrained 
and therefore, in order to be adopted, a forage legume had to produce better results (i.e. higher 
gross margin) than the original production plan. It was also assumed that farmers would like to 
keep the same stocking rate even after the introduction of forage legumes and even if the results 
showed that the legumes might produce higher amounts of pasture, hay and silage. This can be 
interpreted in two ways: either that farmers are risk averse and look at the output/ value from the 
forage legumes before expanding their businesses or that there are other constraints not taken into 
account in the models. 
  The results show that in the case of the UK and Germany, the introduction of forage legumes 
could bring sizeable gains to farmers. These gains come basically from the substitution of grass 
that is fertiliser intensive by legumes that do not require it and in addition produce the same or 
higher level of nutrients. In the case of Italy and France the gains, although present, are small due 
to the fact that the area on which the forage legumes can be introduced is also small. However, 
it is important to note that if meat or dairy yields were also increased due to the consumption 
of legumes, then the differences between legumes and grass would be higher. In all cases, the 
introduction of novel legumes when compared to the standard legume for that country had little 
impact on the nitrogen losses to the environment.

Regional impact of the adoption of legumes
  The regional and socio-economic impacts arising from the widespread adoption of forage leg-
umes were assessed for two variables: income and production. A third variable, labour was not 
considered because, from discussions with the project members it was expected that the adop-
tion of forage legumes was not going to expand employment. In contrast to the results from the 
previous section, where the stocking rate was considered to be the same as in the original plan of 
production, the simulations presented in this section allow the output to be expanded. This allows 
the farm system to take advantage of the higher availability of feedstuff after the introduction of 
the forage legumes. It is important to consider cautiously the results from the exercise presented 
in this section due to the fact that the only limitation to expansion of output considered was the 
availability of nutrients. Therefore, as far as these nutrients are provided by the production plan, 
it is possible to expand the stocking rate and therefore the revenues and gross margin. Due to 
diseconomies of scale in the production of livestock, this is not necessarily true. In addition, 
higher stocking rates might reduce pasture yields in the absence of fertilisers. 
  The results show that the forage legumes can expand both the gross margins per farm and the 
stocking rates. In the case of France, both combinations of grass and legumes produce similar 
results, though “Grass and lucerne” results are slightly higher than “Grass and crimson clover”. 
In Germany, “Grass and red clover” produce the highest results per farm. In Italy, it is “Grass and 
subterranean clover” the one with the highest returns in terms of gross margins and output, while 
in the UK it is “Grass and white clover” the option with the highest values. 
  The results were then expanded to a regional basis by multiplying the increase in gross margin 
and output by the number of farms (Table 1). It was assumed that only 10 percent of the increase 
in gross margin and output actually occurs after the adoption of the forage legumes. While the 
relative position of each legume does not change, the highest benefi ts of the adoption are for 
Germany and the UK while France and Italy show lower benefi ts.
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Table1. Potential aggregate increase in gross margin and output in response to forage legumes 
adoption

Sites Alternative 1 Alternative 2 Alternative 3
France
      Name Grass and Lucerne Grass and Crimson Clover
      Gross Margin (million €) 9.85 8.91
      Output 2/ 98029 87973
Germany
      Name Grass and White Clover Grass and Red Clover Grass and Lotus
      Gross Margin (million €) 148.06 227.72 129.18
      Output 3/ 82500 125000 72500
Italy
      Name Grass and Burr Medic Grass and Subclover Grass and Sulla
      Gross Margin (million €) 14.08 14.35 9.87
      Output 2/ 91800 91800 63000
UK
      Name Grass and White Clover Grass and Caucasian Clover Grass and Lotus
      Gross Margin (million €) 4/ 51.28 44.77 44.77
      Output 2/ 414700 361900 361900
Notes

2/ Number of ewes
3/ Number of cows
4/ UK Pounds were converted to Euros using the average exchange rate for 2003-04 equal to 1.48 €/£.

1/ The number of farms used to compute the impact of the adoption of legumes was 66,553 in France, 25,000 in Germany, 
18000 in Italy and 11,000 in the UK.

Discussion 

  The results of the model show that in the case of the UK and Germany the introduction of forage 
legumes could bring sizeable gains to farmers. These gains come basically from the substitution 
of grass that is fertiliser intensive with legumes that do not require it and in addition produce the 
same or higher level of nutrients. Moreover, in the case of the UK the consumption of legumes re-
duces the requirement of concentrate purchases. In the case of Italy and France the gains, although 
present, are small due to the fact that the area on which the forage legumes can be introduced is 
also small. However, it is important to note that if meat or dairy yields were also increased due to 
the consumption of legumes, then the differences between legumes and grass would be higher.
  The aforementioned conclusions are also refl ected in the analysis of the aggregate impact. In the 
case of France, both combinations of grass and legumes produce similar results, though “Grass 
and lucerne” results are slightly higher than those of “Grass and crimson clover”. In Germany, 
“Grass and red clover” produce the highest results per farm. In Italy, it is “Grass and subterranean 
clover” that produces the highest returns in terms of gross margins and output, whilst in the UK, 
“Grass and white clover” is the option with the highest values.
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Organic farming and agri-environmental stewardship 

schemes in Devon

By A SAMUEL & T BUTLER

University of Plymouth PL4 8AA, UK

Summary

  A postal survey was undertaken in North Devon looking at entry into England Rural 
Development Programme (ERDP) environmental schemes in relation to farming system 
and markets. The main survey was based in and around the North Devon Biosphere 
reserve. Signifi cantly more farms replied who had Countryside Stewardship (CSS) 
agreements than from those who were not in the scheme. There was a greater likeli-
hood of small farms joining CSS as were beef, sheep and cereal farms compared with 
dairy farms. A greater percent of organic farms had CSS agreements compared with the 
conventional farms. A smaller telephone survey in a CSS target area in South Devon was 
also undertaken which confi rmed these results. Those farms with CSS agreements were 
more likely to have joined or be joining the new agri-environmental schemes.

Introduction

  The South west of England has the highest number of organic holdings (Lobley, 2005) as well 
as number of the ERDP’s Countryside Stewardship Scheme (CSS) agreements (Defra, 2006). The 
Countryside Stewardship Scheme though now closed to new entries did involve some changes in 
farming practises and it has been shown that farmers who are more open to information from a 
wide range of sources were more likely to adopt a CSS (Mathijs, 2003). The CSS was a competi-
tive scheme and organic farming systems tended to help farmers be accepted; partly due to the 
fact that  organic farming has on average a positive impact on the environment (Shepherd et al., 
2003). Organic farmers in Devon have also been found to be much more environmentally aware 
than conventional farmers in the area (Lobley et al., 2005). A postal survey was undertaken in 
North Devon and telephone survey in South Devon to substantiate these results. The likelihood of 
farmers joining the new agr-environmental schemes was also investigated.

Materials and Methods

  A postal survey was carried out within and around the area of the UNESCO north Devon 
Biosphere Reserve. A random sample of 100 farms was sent questionnaires, 50 of whom were 
known to have CSS agreements. There were three sections to the questionnaire including general 
holding information/enterprises, CSS details, markets and likelihood of joining the new ERDP 
environmental schemes. A telephone survey was also undertaken in the parish of Rattery, south 
Devon, which was a CSS target area due to the proximity to one of the largest colonies of greater 
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horseshoe bats in western Europe.

Results

  There was a 44% response from the postal survey. Of these a signifi cantly greater number (using 
chi squared test) were from farms with CSS agreements (30 compared with 14 out of 50 from 
non CSS farms.) On analysis of the postal and telephone survey there was a signifi cantly greater 
percentage of organic farms compared with the conventional farms that had CSS agreements. 
  There was a trend for the smallest and largest farms to have joined the CSS especially those that 
were beef, sheep or cereal farms. The dairy farms in the survey were the least likely to join the 
schemes. In the telephone survey, 80% of farmers currently with a CSS agreement had joined or 
were about to join one of the new agri-environmental schemes compared with only 50% of those 
not in the CSS scheme. 

Discussion

  Organic farmers in this survey appeared to be much more likely to join the ERDP agri-envi-
ronmental schemes than conventional farmers, confi rming the fi ndings of (Lobley et al., 2005). 
Of the conventional farmers with a CSS agreement and applying for the new agri-environmental 
schemes few were considering conversion to organic production methods.
   The results indicate that organic farmers are more likely to be ‘embracers’ who actively seek 
new opportunities such as adoption of agri-environmental schemes. (Lobley et al., 2002)
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Control of common scab without the use of water

By A J HILTON, R L WALKER & S J WALE

SAC, Ferguson Building, Craibstone Estate, Bucksburn, Aberdeen, AB21 9YA, UK

Summary

  The most effective way to control common scab is by irrigating a potato crop at tuber 
initiation. With the introduction of legislation such as the Water Framework Directive this 
will become increasingly diffi cult. In this fi eld experiment, we assessed the potential of 
a number of non-water measures for controlling this disease. Common scab on daughter 
tubers at harvest was reduced by applying rapeseed meal at 1 t ha-1 to the beds and then 
incorporating it into the soil, and adding a mixture of Trichoderma viride isolates into 
the furrow at planting. None of these treatments was as effective as using water.

Key words: Common scab, Solanum tubersosum, Streptomyces scabies, non-water 
control, soil amendments  

Introduction

  Common scab is a disease which causes corky lesions on the surface of potato tubers. Such 
symptoms are unsightly so growers must remove badly effected tubers at grading so that they can 
be sold as ware produce. The disease is caused by soil-borne bacteria of the genus Streptomyces. 
In the UK, the most common species is believed to be S. scabiei (Formerly scabies) although 38 
species of Streptomyces have been described, of which 23 are reputed to be pathogenic on pota-
toes (Bradbury, 1986). Although the distribution of individual species is not known, Streptomyces 
bacteria are common in soil and most fi elds can be considered as being at risk. 
  Crops are at risk of infection as soon as tubers start to form, particularly in dry weather. The most 
effective control measure is use of irrigation water during the period of tuber initiation (Lapwood 
et al., 1973). As of April 2006, the Water Framework Directive (WFD) has meant water use is no 
longer free in the UK. Thus controlling this disease by irrigation will become increasingly diffi cult 
and a need for non-water control measures has been highlighted (Elphinstone et al., 2005). 
  The aim of this study was to examine a range of treatments which could control common scab 
including several suitable for organic use. 

Materials and Methods

Field experiment
  A fi eld site, at Gourdie Farm, Scottish Crop Research Institute, in Dundee Scotland was selected. 
The site was well drained and the soil was a sandy clay loam with a pH of 6.2. 
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  Certifi ed seed of Maris Piper was planted on 17 May 2005. The seven treatments and control are 
described in Table 1. Rapeseed meal was applied to beds prior to planting and then incorporated. 
Biomex powder, Biomex SA and Mycortex were applied in solution using a specially adapted 
sprayer mounted on the back of the planter. The sulphur pastiles and bactolife were applied as a 
dust into the furrow at planting. Plots consisted of two drills 6.25 m long with 1.75 m between 
plot ends, and a seed spacing of 0.25 m. The trial was laid out in a randomised block with 2 
replicates.

Table 1. Treatments used in fi eld experiment

Disease assessment
  During the course of the experiment records were kept on emergence and % ground cover of 
the plots and notes on phytotoxic effects were taken. Haulm destruction occurred on 2 September 
2005 and plots were harvested mechanically on 22 September 2005.
  A sample of 50 daughter tubers from each plot was taken. The assessment involved washing the 
tubers and then examining each daughter tuber for the percentage area covered in symptoms of 
common scab.

 

Active ingredient Product Company Dose and
application method

Untreated control - -
Sulphur Tiger 90 Stefes UK Ltd 125 kg S ha-1

applied in furrow at
planting

Sulphur Tiger 90 Stefes UK Ltd 250 kg S ha-1

applied in furrow at
planting

Trichoderma viride Biomex
Powder

Omex, Kings
Lynn, Norfolk
UK

1 kg ha-1 in 100 L
ha-1 water, applied
in-furrow at
planting

Trichoderma viride Biomex SA Omex, Kings
Lynn, Norfolk
UK

1 L ha-1 in 100 L
ha-1 water, applied
in-furrow at
planting

Blend of: Bacillus
spp, Rhizobia,
Azobacteria and
Sacchoromyces

Mycortex Biotechnica,
Reading, UK

10 kg ha-1 in 100 L
ha-1 water, applied
in furrow at
planting

Blend of:
Trichoderma viride,
Bacillus spp,
Rhizobia,
Azobacteria,
Sacchoromyces and
other

Bactolife Biotechnica,
Reading, UK

Applied at a rate of
1 kg ha-1 in furrow
at planting

Rapeseed meal Ground
rapeseed

1 t ha-1 applied to
beds and
incorporated



209

Results

Disease on daughter tubers
  The combination of a dry summer and the use of the susceptible variety, Maris Piper, meant 
that common scab was the predominant disease found (93% of tubers infected in untreated 
control plots). Use of Bomex SA signifi cantly reduced incidence to 73%, whilst use of rapeseed 
meal reduced severity from 8% in the untreated to 2.8% (Table 2). Although there are numerical 
reductions using other treatments they are not signifi cantly lower than the untreated controls. 

Table 2. Incidence and severity of common scab on daughter tubers at harvest

Means followed by same letter do not signifi cantly differ (P = 0.05, Student-Newman-Keuls)

Discussion

  Reductions of over 90% in the incidence of common scab have been reported in the susceptible 
variety King Edward when irrigated early in the season compared with the un-watered control 
(Lapwood et al., 1973). Thus, none of the non-water measures examined in this study were as 
effective as water in controlling common scab. Incidence and severity of common scab in daughter 
tubers was reduced by the use of Biomex SA and rapeseed meal respectively, but these reductions 
can be regarded as small. However, as pressure on water use increases so alternatives must be 
found. Although using Biomex SA and rapeseed meal on their own may not be viable, if they are 
used in-conjunction with other measures such as resistant varieties or reduced water then their use 
may be practicable. 
  How these treatments work is unclear. It is believed that the rapeseed meal may have some 
biofumigation activity. When added to the soil the glucosinolates in the rapeseed meal may break-
down to produce the anti-microbial compounds isothiocyanates. In Australia, these compounds 
have been shown to inhibit mycelial growth of Rhizoctonia solani, the cause of black scurf in 
potatoes (Kirkegaard et al.,1996).  Biomex SA contains a mixture of isolates of T. viride which 
may compete for resources with Streptomyces bacteria and hence reduce the amount of common 
scab which develops. Where soil is contaminated with R. solani biological control agents such 
as T. viride and T. harzianum can reduce black scurf. In fi eld experiments in Israel soil treatment 
with T. harzianum signifi cantly reduced black scurf with better control being achieved where 
the treatment was applied in-furrow compared with being applied to the ridges and then being 
incorporated (Tsror (Lahkim) et al., 2001). The improved effi cacy of Biomex SA compared with 
Biomex powder can be attributed to its liquid formulation which allows better incorporation into 
the drill compared with the powder formulation. These initial results show promise, and further 
investigations are planned for the future.

Treatments Incidence Severity
Untreated 93a 8.1ab
Sulphur 250 kg ha-1 90ab 4.9abc
Sulphur 150 kg ha-1 79ab 3.7bc
Biomex Powder 87ab 4.6abc
Biomex SA 73b 3.6bc
Rapeseed meal 77ab 2.8c
Mycortex 81ab 8.4a
Bactolife 86ab 3.5bc
L.S.D (P=0.5) 10.7 2.88
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Organic slug control using Phasmarhabditis hermaphrodita

By R G RAE, J F ROBERTSON & M J WILSON

University of Aberdeen, School of Biological Sciences, St. Machar Drive, AB24 3UU, Aberdeen, 
Scotland, U.K.

Summary

  Phasmarhabditis hermaphrodita is a lethal slug parasitic nematode that has been for-
mulated into an effective biological control agent called Nemaslug®. We investigated 
the possibility of using different application methods of P. hermaphrodita to reduce cost 
and the number of nematodes applied. We also compared P. hermaphrodita with a new 
slug pellet called Ferramol®, which is available for use on organic farms.

Keywords: Phasmarhabditis hermaphrodita, Deroceras reticulatum, metaldehyde, iron 
phosphate

  
Introduction

  Phasmarhabditis hermaphrodita is a lethal parasite of many slug species (Wilson et al., 1993; 
Speiser et al., 2001; Iglesias & Speiser, 2001; Grewal et al., 2003) and has been formulated into 
a biological molluscicide that is produced by Becker Underwood (Littlehampton, UK) and sold 
under the trade name Nemaslug®. It has been used successfully to protect a range of crops against 
slug damage including arable crops (Wilson et al., 1995), high value crops such as asparagus 
(Ester et al., 2003a) and the potential use in fl oriculture has been demonstrated using Orchids 
(Ester et al., 2003b). We investigated using different applications of P. heramphrodita to reduce 
the number of nematodes applied and the cost. To do this we used three split applications of 
a lower dose compared to one broadcast application of P. hermaphrodita. We also examined 
the effectiveness of combining P. hermaphrodita and a new iron phosphate based slug pellet 
(Ferramol®, Neudorff GmbH, Germany), which has just been released for use in the UK.

Materials and Methods

Mini-plot experiments
  Twenty-four boxes (0.7 × 0.5 × 0.2m) were half fi lled with fresh topsoil. Eight Chinese cabbages 
(Brassica rapa var. pekinensis) were planted in each. The recommended rate of P. hermaphrodita 
(30 cm-2, 150,000 in total) was applied to six boxes. A lower dose of P. hermaphrodita (5 cm-2, 
25,000 in one application) was applied to another six boxes. This treatment consisted of three 
low dose applications at two week intervals so that the total number of nematodes applied was 
exactly half the recommended rate. Nematodes were suspended in two litres of water and applied 
using a watering can fi tted with a rose. Six boxes received only water and acted as the control 
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and six received the recommended rate of Metarex® green (0.8 g m-2) metaldehyde pellets. Eight 
Deroceras reticulatum slugs were added to each box. They were supplied with a shelter to provide 
protection during daylight hours. All sides of the boxes were coated with Fluon® (Sydmonson, 
1993) and fi tted with a layer of copper fencing to prevent slugs migrating from the boxes. Slug 
damage was recorded every week for six weeks as percentage damage per leaf. 

Effect of combinations of iron phosphate and P. hermaphrodita
  Eighteen seed tray propagators were fi lled with top soil. Five four-week-old Chinese cabbage 
were planted in each. There were fi ve treatments, which consisted of: no nematodes and no mollus-
cicides, P. hermaphrodita, metaldehyde, iron phosphate (5g m-2 as Ferramol®), P. hermaphrodita 
and iron phosphate. Each treatment was replicated three times. Five D. reticulatum were added 
to each propagator and were provided with shelter. Propagators were fi tted with plastic lids lined 
with copper tape and fi tted with air holes. Once the slugs were added, the propagators were sealed 
and placed in an incubator at 17oC with a 12-hour light and dark cycle. Percentage damage to each 
leaf was assessed 1, 2, 4, 8, 12, and 16 days after treatment. 

Data analysis
  Data were recorded as percentage damage per week and analysed using Kruskal Wallis and 
Tukey’s pairwise comparision to assess differences between treatments.

Results

Mini-plot experiment
  All treatments were signifi cantly different from the control from week two onwards (P ≤ 0.05) 
(Fig. 1). The recommended rate of nematodes and low dose only differed signifi cantly on weeks 
4 and 5 (P ≤ 0.05). The recommended rate of nematodes and metaldehyde did not differ signifi -
cantly after week 3 (P ≥ 0.05). Metaldehyde was signifi cantly more effective than the low dose 
throughout the experiment (P ≤ 0.05).

Fig. 1. Mean percentage damage to Chinese cabbage leaves exposed to Deroceras reticulatum.

Effect of combinations of iron phosphate and P. hermaphrodita
  Metaldehyde, iron phosphate and nematodes and iron phosphate provided signifi cant protection 
against slug damage after day four (P ≤ 0.05) (Fig. 2). Nematodes applied at the recommended 
rate provided poor slug protection and only signifi cantly differed from the control after day 12. 
Metaldehyde, iron phosphate, and nematodes and iron phosphate did not differ signifi cantly 
throughout the experiment (P > 0.05).
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Fig. 2. Mean percentage damage of Chinese cabbage leaves exposed to Deroceras reticulatum treated with 
iron phosphate, metaldehyde, nematodes or nematodes and iron phosphate.

Discussion

  P. hermaphrodita applied three times at a lower rate provides signifi cant protection against slug 
damage. These results are in agreement with Ester et al. (2003a) who also found that repeated 
applications at lower doses provided signifi cant protection against slug damage in asparagus. 
Applying half the recommended rate and achieving slug protection represents a substantial 
decrease in cost thus making nematode treatments more attractive to growers.
  The combination of P. hermaphrodita and iron phosphate provided as good protection against 
slugs as metaldehyde. For organic growers in the UK., who are at a distinct disadvantage as they 
cannot use molluscicides such as metaldehyde or methiocarb, nematodes and iron phosphate shows 
massive potential. For example, by using iron phosphate, larger slug species that are resistant to 
nematodes will be killed and any slugs present in the soil will be killed by the nematodes. In order 
to confi rm these results further research will focus on large-scale fi eld trials. 
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Summary

Agricultural advantages of mixed cropping are gained from biological effects like light 
competition offering weed-suppressing capacities, or by diversifi cation of plant covers 
to break development cycles of pests. These effects were measured in a two-year project 
on mixed cropping with organic oilseed crops. It was found that weeds can be effi ciently 
suppressed in organic linseed (Linum usitatissivum) grown in combination with wheat 
(Triticum aestivum) or false fl ax (Camelina sativa). Linseed growth was, however, im-
paired. In organic pea production (Pisum sativum) also, growing the crop as a mixture 
with false fl ax led to a signifi cant decrease of weed population. Either culture showed a 
balanced plant development. In winter rape (Brassica napus) there were suggestions that 
infestation by insect pests can be directly reduced in mixtures with cereals or legumes 
and that parasitoids of insect pests are supported.

Key words: Mixed crops, weed suppression, insect pests, benefi cial parasitoids

  
Introduction

  Mixed cropping systems in organic farming offer a yield buffering capacity by diverse growing 
demands and different periods of root, leaf and seed development of the plant varieties. In recent 
years, mixed cropping has been seen as a chance to secure production of organic oilseed crops 
and to gain fuel self-suffi ciency for organic farms (Paulsen & Rahmann, 2004). In mixed cropping 
competition for light can offer weed-suppressing capacities (Szumigalki & van Acker, 2005). 
The increase in vegetational complexity can interfere with the host-plant location of crop pests 
(Horn, 2000). Furthermore an increase of natural enemies of pests has been hypothesised (Andow, 
1991).

Materials and Methods

  The fi eld trials were conducted at two organic farms in Northern Germany (Trenthorst and 
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Wilmersdorf) in 2004 and 2005. Plots (size: 30 m2) with sole cropped oilseeds were compared 
with mixed cropping variants. Annual rainfall and mean temperatures in 2004 and 2005 were 
660 and 570 mm and 7.7 and 7.6°C in Trenthorst respectively and 560 and 490 mm and 7.5 and 
7.3°C in Wilmersdorf. Soils (Luvisols) with clay contents between 15 and 20% in Trenthorst 
and up to 15% in Wilmersdorf were suffi ciently supplied with plant nutrients. The preceding 
crop was a clover-grass mixture. Combinations of linseed with false fl ax or spring wheat and 
of peas with false fl ax were tested to show the effects of mixed cropping on weed establish-
ment. Seed rates were chosen according to the proper establishment of single cultures, so that 
mixed and sole cropping systems grew with different plant densities. All treatments were drilled 
with a row distance of 12.5 cm, with mixed crops in alternating rows. Plant densities of weeds 
and crops were determined by visual assessment of the percentage of soil covered at the end of 
shoot development. The main weeds in Trenthorst were Galium aparine, Capsella bursa-pastoris 
and Matricaria recutita in 2004 and Stellaria media and Matricaria recutita in 2005, Trifolium 
repens formed a relevant intercrop in that year. In Wilmersdorf Matricaria recutita, Agropyron 
repens and Stellaria media (2004), and Chenopodium album, Matricaria recutita and Agropyron 
repens (2005) were the major weeds. Effects of mixed cropping systems with winter rape on the 
abundance and damage potential of insect pests were determined in another part of the project. 
Insects infesting stems (Psylliodes chrysocephala, Ceuthorynchus pallidactylus, Ceutorhynchus 
napi), buds (Meligethes aeneus) and pods (Dasineura brassicae, Ceutorhynchus assimilis) were 
monitored. Additionally the effects of the cropping systems on the level of larval parasitism of M. 
aeneus (parasitoids: Tersilochus heterocerus, Phradis interstitialis) and C. pallidactylus (parasite: 
Tersilochus obscurator) were determined.

Results

Weed suppression
  In mixed cropping systems with linseed and false fl ax, the soil cover was effi ciently increased 
compared to the sole cropping of linseed and was comparable to sole cropped false fl ax (Table 
1). False fl ax dominated the mixture (Fig. 1) in both years. Weed cover decreased by between 70 
and 80% in Wilmersdorf in 2004 and 2005 respectively. Even at Trenthorst, which showed only 
moderate weed pressure, the reduction of weed cover ranged from 70% in 2004 to 20% in 2005. 
In the mixture of peas with false fl ax similar effects were visible. In 2004, when pea growth at 
Wilmersdorf was inadequate, false fl ax effi ciently reduced weed-cover by 90% to tolerable levels 
comparable to the weed-covering in false fl ax determined in pure stand (10.7%, Table 1). 
  In Trenthorst in 2004 and at both sites in 2005, pea growth was clearly reduced by the false fl ax 
(Fig. 1). Weed suppression was forced in the pea/false-fl ax mixtures compared to the false fl ax in 
sole cropping in Trenthorst in both years. However, in Wilmersdorf in 2005, the weed reduction in 
pea/false fl ax mixtures was not statistically signifi cant. It reached the level of the weed-covering 
in sole cropped false fl ax. The mixed cropping system of summer wheat with linseed showed a 
different balance from the mixtures described before. Compared to sole cropped wheat, mixed 
cropping of wheat with linseed had lower crop densities and a higher weed-cover. This effect 
can be explained by the components being seeded in alternate rows. This makes the equal crop 
cover of the two crops with an upright growing habit relatively more variable. Taking linseed as 
the target culture for weed reduction, intolerable weed-cover of 34% and 54% in pure linseed in 
Wilmersdorf in 2004 and 2005 was reduced signifi cantly in a mixture with wheat to an acceptable 
level of 10% by increasing the crop cover (Table 1). 
  However, wheat dominated the mixture and reduced the growth of linseed. Due to the row-bound 
development of the canopy, effects of seeding in alternating rows could not be distinguished 
from the direct effects of plant competition. At Trenthorst, where linseed growth was favourable, 
mixtures with  spring wheat led to a  lower plant cover than in sole cropped  linseed.  Signifi cant 



217

Table 1. Soil cover [%] of crops and weeds in mixed and sole cropping systems with oil crops 
at the end of the shooting stage at two sites in 2004 and 2005. Results of ANOVA comparing 

values of the mixed cropping systems (in brackets) to the sole cropping system (before bracket). 
L=Linseed, FF=False fl ax, SW=Spring wheat, P=peas

         

 

Fig. 1. Soil cover [%] of crops and weeds in mixed and sole cropping systems with oil crops at the end of 
the shooting stage at two sites in 2004. Main crop in each bar is the fi rst crop mentioned at the abscissa.

reductions in weed cover in the mixed cropping system at this site in both years hint at a competi-
tive advantage of the mixture in earlier growth stages.Insect pests and benefi cial parasites.
  For the stem-mining insect pests of winter rape, only the abundance of C. pallidactylus was 
signifi cantly infl uenced by the cropping system (Table 2). At Trenthorst in 2004, in the fully 
developed mixed cultures with winter barley or winter peas the number of larvae in oilseed rape 
plants was reduced compared to sole winter rape. However, in the mixture of spring peas with 
winter rape the establishment of spring peas almost totally failed in that year and the crop con-
sisted mainly of winter rape at a low density. Another signifi cant effect of mixed cropping was 
found in Wilmersdorf in 2005. Larvae of M. aeneus showed a higher percentage of parasitism by 
T. herterocerus and P. interstitialis when sampled from oilseed rape cropped with winter barley, 
winter peas or winter rye compared to larvae from sole cropped rape (Table 2). In 2005, losses of 
buds caused by M. aeneus, the level of pod infestation by D. brassicae or C. assimilis and the  

Trent. 2004 SW(SW/L) L(SW/L)  L(L/FF)  FF(L/FF)  P(P/FF)  FF(P/FF)

 2004 Crop Weed Crop Weed Crop Weed Crop Weed Crop Weed Crop Weed

Mean Sole 81.3 1.5 85.0 8.1 85.0 8.1 97.5 5.8 85.0 12.5 97.5 5.8
Mean Mixed 70.0 2.7 70.0 2.7 103.8 4.5 103.8 4.5 97.5 4.0 97.5 4.0
F-Test * ns ** * ** ns ns ns * ns ns **
LSD5% 7.6 - 6.5 3.8 7.6 - - - 10.3 - - 0.8
Wilm. 2004

Mean Sole 70.0 4.3 43.8 34.3 43.8 34.3 85.0 8.5 13.8 102.7 85.0 8.5
Mean Mixed 61.3 11.0 61.3 11.0 85.5 8.8 85.5 8.8 98.8 10.7 98.8 10.7
F-Test ns * ns ns * ns ns ns *** * * ns
LSD5% - 6.6 - - 30.3 - - - 16.9 73.4 13.2 -
Trent. 2005

Mean Sole 85.0 3.3 71.3 7.0 71.3 7.0 90.0 8.5 91.3 3.8 90.0 8.5
Mean Mixed 60.0 5.0 60.0 5.0 87.5 6.5 87.5 6.5 92.5 3.0 92.5 3.0
F-Test No var. ns * * *** ns ns ns ns ns ns *
LSD5% - 7.6 1.3 4 - 8 - - - - 4.6
Wilm. 2005

Mean Sole 82.5 6.8 13.3 54.3 13.3 54.3 70.0 27.5 65.0 37.0 70.0 27.5
Mean Mixed 52.0 10.8 52.0 10.8 60.3 18.3 60.3 18.3 77.5 26.8 77.5 26.8
F-Test *** * *** ** ** * ns ns ns ns ns ns
LSD5% 4.2 2.3 7.8 19.3 19.7 22.1 - - - - - -
with: *** = 0 � P < 0.001, ** = 0.001 � P < 0.01, * = 0.01 � P < 0.05 , ns = P � 0.05
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Table 2. Larval abundance and parasitism of insect pests and their damage to winter rape (WR) 
grown in sole and mixed cropping. WB=Winter barley, WW=Winter wheat, WP=Winter peas, 

SP=Spring peas, WRye=Winter rye, (mean± SD, n=4 per treatment)

 

number of stem-mining insects were not infl uenced by the treatments.

Discussion

  Mixed cropping systems were an effi cient way to suppress weeds in linseed. However, linseed 
growth was reduced in combinations with false fl ax or summer wheat. Yield balances of organic 
mixed cropping systems with oil crops will determine the profi tability and their practical relevance. 
The share of component yields can be infl uenced by row distances and seed densities and have 
to be further researched. Weed suppression capacities of the oil crop false fl ax in combination 
with peas were equally effective and offered more balanced plant growth of both components. 
Seed yield reductions of the peas were shown to be of minor importance and additional oilseed 
yields have been reported in this cropping system (Paulsen & Rahmann, 2004). Monitoring of 
insect pests in organic winter rape grown in mixed cropping with cereals or legumes suggested 
that diversifi cation of crop covers and breaking up monocultures have a potential to reduce pest 
infestation directly or by enhancing their biological control by parasitoids. However, further stud-
ies on the effect of mixed cropping of oilseed rape with other crops on pest insects and their 
parasitoids are needed.
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Summary

  As early as the 19th century, Justus von Liebig (1803 – 1873) identifi ed the lack of vitality 
of soils and non-existent vigour of plants as relevant causes of increased infections of 
crops by fungal diseases. Organic farming requires alternative strategies for combating 
pests and diseases. Soil-applied sulphate fertilisation proved to signifi cantly reduce 
infection rate and severity of crops by fungal diseases. The potential effi cacy of so-
called Sulphur Induced Resistance (SIR) expressed as a reduction of the disease index 
ranged from 5–50% and 17–35% in greenhouse and fi eld experiments, respectively. 
Metabolic pathways involved in SIR imply, for instance, the synthesis of phytoalexins, 
glutathione, glucosinolates and the release of sulphur-containing volatiles. 

Key words: Elemental sulphur, pathogen, sulphate, sulphur induced resistance  

  
Introduction

  In 2005, 8,176 t of fungicides were consumed in conventional agriculture in Germany (Anon., 
2006). In contrast, no synthetic pesticides are used in organic farming. Infections of agricultural 
crops with fungal pathogens are, however, a serious problem in organic farming. They result in 
yield losses and may diminish the quality of harvest products when threshold values for pathogen-
specifi c disease indices are exceeded. Common methods for disease control include soil tillage 
measures, crop rotation, mixed cropping systems and cultivation of resistant varieties. The targeted 
use of minerals offers yet another possibility to enhance resistance against pathogens. Here, the 
direct toxicity of nutrients (elemental S, Cu) and indirect impairment by minerals (Si) needs to be 
distinguished from nutrient-mediated, resistance mechanisms, which have been observed for all 
essential macro and micronutrients, Si and Al (Datnoff et al., 2006). 
  The fungicidal effect of foliar-applied elemental S has been exploited since the end of the nine-
teenth century. Elemental S has been used effi ciently against infections of grapes by powdery 
mildew (Uncinula necator) ever since. An experiment of Bourbos et al. (2000) indicated that 
in addition to the direct fungicidal effect of foliar-applied S, there was a nutrient-based effect of 
soil-applied S that resulted in a lower rate of leaf and grape infection and produced a signifi cantly 
higher yield compared with controls. 
 Schnug (1997) predicted that the decline in atmospheric S deposition and thus S nutritional 
status of agricultural crops since the mid 1980s might have serious consequences for the stability 
of current agro-ecosystems and in particular highlighted the increasing susceptibility of plants to 
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fungal pathogens such as light leaf spot (Pyrenopeziza brassicae). Sulphur fertilisation reduced 
the disease index for various host/pathogen relationships by 5–50% and 17–35% in greenhouse 
and fi eld experiments, respectively. The term Sulphur Induced Resistance (SIR) denotes the re-
inforcement of the natural resistance of plants to fungal pathogens by stimulating the metabolic 
processes involving sulphur through targeted sulphate-based and soil-applied fertiliser strategies 
(Haneklaus et al., 2006). It is the aim of this contribution to summarise current research in SIR 
from the molecular to the fi eld level in relation to different host/pathogen systems, and to identify 
future research needs.

Materials and Methods

 Extended fi eld experiments were carried out from 2000 to 2003 on two sites in Scotland, 
Inverness and Aberdeen, and one site in northern Germany, Braunschweig, in order to investigate 
mechanisms of SIR in oilseed rape in relation to the risk of infections with fungal diseases. Details 
concerning the layout of these studies and analytical methods involved are comprehensively sum-
marised by Salac (2005).

Results

 Sulphur Induced Resistance was fi rst observed for infections of oilseed rape by P. brassicae 
(Schnug, 1997). The potential effi cacy of SIR expressed as a reduction of the disease index ranged 
from 5–50% and 17–35% in greenhouse and fi eld experiments, respectively. Possible S-containing 
metabolites involved in SIR are shown in Fig. 1. Plants take up sulphate (SO

4
) through their roots. 

The S nutritional status regulates uptake, translocation and intracellular distribution of sulphate 
via sulphate transporters (Hawkesford, 2000). The amino acids cysteine and methionine are the 
major end-products of sulphate assimilation in plants. Cysteine is the basic compound for other S 
metabolites such as glutathione (GSH), glucosinolates (GSL), phytoalexins, pathogenesis related 
(PR) proteins and H

2
S. All of these compounds are linked to resistance mechanisms of plants. 

GSH regulates uptake and assimilation of S and reduced S is transported in this form throughout 
the plant (Lappartient & Touraine 1996). Other metabolites presumably involved in the regulation 
of sulphate uptake are sulphate, O-acetylserine and cysteine (Hawkesford, 2000; Hawkesford & 
De Kok, 2006).

 

Fig. 1. S-containing metabolites involved in SIR (bold notation indicates direct involvement in defence)
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  Cysteine is the fi rst major S compound, itself showing fungicidal effects (Vidhyasekaran 2000). 
S fertilisation of 100 kg ha-1 signifi cantly increased the cysteine, GSH and GSL content in the 
leaf tissue of oilseed rape from 0.5 to 1.2, 12.2 to 31.4 and 2.5 to 3.8 µmol g-1 (d.w.), respectively 
(Salac, 2005). Visible infections with fungal pathogens on a site in northern Germany with a low 
risk of infections produced a signifi cant increase in the cysteine and GSH content (Salac et al., 
2004). In Scotland, however, where the infection pressure with various pathogens was extremely 
high, an analogous signifi cant decrease was determined. It might be assumed that both metabolites 
were either consumed for defence, or more likely, were degraded after successful establishment of 
the pathogen (Kuzniak & Sklodowska, 2005). 
  H

2
S may be released prior to or after cysteine formation. Commonly, H

2
S is regarded as being 

fungitoxic. Chronic and acute toxicity levels are well described for animals and humans, but 
dose/effect data on fungal pathogens are extremely scarce. Pathogen-specifi c differences in the 
susceptibility to H2S exist but effective doses may be up to three to six orders of magnitude higher 
than those emitted by whole plants (Haneklaus et al., 2006). There appear to be no data yet on H

2
S 

emissions around the infected plant tissue.
  During the hypersensitive response of plants after infection with pathogens H

2
O

2
 is released 

rapidly, which modifi es cell metabolism in favour of phytoalexin and PR-protein accumulation, 
and fi nally results in programmed cell death (Foyer & Rennenberg, 2000; Hammerschmidt & 
Nicholson, 2000). GSH seems to be involved in cell wall reinforcement and could be a messenger 
like salicylic acid or H

2
O

2
 and carry information to unchallenged plant tissues (Gullner & Kömives, 

2001). Additionally, GSH is coupled to high ascorbic acid, and high ascorbic acid is related to 
resistance against fungal pathogens (Vidhyasekaran, 2000). 
  Phytoalexins as a means of induced disease resistance include PR-proteins, low-molecular weight 
antibiotics and the formation of elemental S.  Relationships between the S nutritional status and 
speed and magnitude of phytoalexin formation are completely speculative.  Glucosinolates are 
characteristic S-containing secondary compounds of Brassica crops that act as phytoanticipins. 
When fungal diseases spread signifi cantly into previously unaffected regions  with the switch to 
double low oilseed rape cultivars in the mid 1980s, causal relationships were assumed. However, 
it is conceivable that GSLs are not direct catalysts of SIR.
  Though succession, dimension and contribution of individual S metabolites to SIR have yet to be 
fully clarifi ed, it is clear that these are released in an effi cient cascade triggered by the pathogen 
and mediated by the S status of the plant (Haneklaus et al., 2006). It is presumed that this response 
is conditional on the availability of S in the soil exceeding the physiological demand for S by the 
plant.

Discussion

  S fertilisation has been shown to increase signifi cantly not only the S nutritional status of the 
plant, but also the content of stress-related S-containing metabolites such as cysteine, GSH and 
H

2
S (Salac, 2005; Salac et al., 2005). This effect is thought to be stronger than an infection-

dependent increase of the GSH content). For promoting resistance mechanisms an S supply, 
which only covers metabolic S needs, is apparently not suffi ciently high. A constantly high plant-
available S reserve in the soil might also be required to satisfy the enhanced S demand for plant 
defence during infection by fungal pathogens. Research in the fi eld of SIR suggests that there 
are host/pathogen-specifi c resistance mechanisms, which need to be identifi ed so that they can 
be regulated by targeted S fertilisation strategies. Thus, further S response trials with controlled 
infections need to be carried out in order to identify and quantify individual S induced resistance 
processes. A further reinforcing effect might be obtained by promoting the nutritional as well as 
the fungicidal effect of elemental S. Such a strategy might be of particular interest for reducing 
mycotoxin contaminations with a limited input of elemental S. 
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The potential for slug control with ferric phosphate

By A R HORGAN1

1Certis, 1b Mills Way, Boscombe Down Business Park, Amesbury SP4 7RX, UK

Summary

  Slug and snail damage, especially on young plants can mean serious economic loss for 
growers. Organic growers have in the past had few, if any, effective products to use for 
their control. Now ferric phosphate has recently gained organic status from the Organic 
Farmers and Growers organisation. Its unique mode of action, environmental profi le 
and effectiveness against a range of slug and snail species will make this a fi rst choice 
for all organic growers. The eventual breakdown components iron and phosphate, will 
contribute to the crop’s nutrient supply.

Key words: Slug control, snail control, ferric phosphate, Ferramol

Introduction

  The UK climate can be ideal for frequent and severe slug and snail damage on a wide range of 
crops. A novel active ingredient, ferric phosphate, is now available for the UK organic grower. 
  Ferric phosphate offers the organic grower the opportunity to use a totally new pelleted product 
which, when ingested by a slug or snail, immediately causes feeding to stop. Ferric phosphate is 
harmless to all other organisms including birds, mammals and humans. Organic growers can now 
use it under approval from the Organic Farmers and Growers organisation.

Materials and Methods

  The ferric phosphate product contains 1% iron phosphate (FePO
3
) and 99% inert baiting ingredi-

ents made from durum wheat and an attractant. Its use for slug control was invented and patented 
by Dr. George Puritch and W Neudorff GmbH KG. Certis now have exclusive marketing rights 
for professional use in the UK. The ferric phosphate product has been branded Ferramol and, 
following registration, it became available in June 2005. 
  Field trials were carried out by Neudorff and Certis to investigate the effectiveness of ferric phos-
phate compared with conventional slug pellets and to establish the rate of use and label guidelines. 
These experiments were also designed to identify any adverse effects of the treatment. 

Results

When the ferric phosphate pellet is ingested by the slug or snail feeding ceases immediately. The 
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iron phosphate then interferes with the calcium metabolism within the slug and eventually causes 
cellular pathological changes in the slug’s crop and heptopancreas. This process from feeding to 
dying normally takes about three to six days. With ferric phosphate, unlike metaldehyde-based 
pellets, mucus production is not affected so the slugs and snails are able to move away to die.
  Ferric phosphate has no undesirable ecological side effects. This active ingredient within the 
product pellet has extremely low mammalian toxicity. It is virtually harmless to higher animals 
(LD

50
 rats, oral > 5000 mg kg-1). Carabid beetles, earthworms, bees, birds and other benefi cial 

organisms are not affected. When it biodegrades it releases iron and phosphorus into the soil for 
plant uptake. Thus, under normal conditions, ferric phosphate and its breakdown products will 
have no adverse effects in the environment. 
  Ferric phosphate is a stable, non-volatile solid that does not readily dissolve in water. This 
property minimizes ferric phosphate’s dispersal beyond where it is applied. It is highly unlikely 
that ferric phosphate or its breakdown products will persist or become highly concentrated in 
the environment. When the product is applied as a molluscicide, the amount of additional iron 
and phosphorus added to the soil is negligible compared to the amount of iron (0.5–5%) and 
phosphorus (0.010–0.20%) already present in soil. In addition, ferric phosphate and its breakdown 
products are a source of nutrients utilized by all plants for energy production and growth.

Discussion

 This brief view of ferric phosphate has demonstrated the availability of an effective and en-
vironmentally friendly slug and snail control product now fully approved for organic growers. 
Development work is continuing. For example, the effect of different granule sizes is currently 
being investigated. 
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The development and potential of the biological insecticide  

granulovirus on codling moth

By A R HORGAN1

1Certis, 1b Mills Way, Boscombe Down Business Park, Amesbury SP4 7RX, UK

Summary

  Cydia pomonella granulovirus is being developed for the UK market and offers op-
portunities for orchard growers to develop reduced pesticide residue programmes when 
targeting codling moth control. 

Key words: Codling moth, Cydia pomonella, Cydia pomonella granulovirus (CpGV), 
Cyd-X, apple, pear, CERI020, baculovirus

  

Introduction

  Cydia pomonella is one of the most widespread pests of apples, pears and nuts. The codling moth 
belongs to the family of the tortricid moths (Tortricidae), within the insect order of Lepidoptera. 
It causes considerable losses, especially in apple and pear production. In addition, codling moth 
wounds provide entry sites for fungal disease which reduce quality in fruit for the fresh market 
and for juice and cider production.
  Currently in the UK, synthetic pesticides are currently used to control codling moth but there is 
pressure from supermarkets, consumers and producers to consider alternatives. One alternative 
currently widely used elsewhere in Europe is the use of a codling moth disease, Cydia pomonella 
granulovirus.
    Codling moth has the ability to build up from successive generations within one year and 
from one season to the next. It is imperative that appropriate actions are taken in the orchard to 
control this pest, otherwise serious loses can be expected. In 2005 the UK value of apple and pear 
production was worth approximately £86 million (Defra, 2005). 

Materials and Methods

  Cydia pomonella granulovirus was fi rst reported in 1964 from larvae of apple and pear trees in 
Mexico.  It was found to be highly virulent in the codling moth and highly selective. The active 
substance Cydia pomonella granulovirus (CpGV) is a selective insecticidal baculovirus infecting 
larvae of codling moth. Granuloviruses are ds-DNA viruses consisting of enveloped, rod-shaped 
nucleacapsids. The coded product called CERI020 will be sold as a suspension concentrate under 
the brand name Cyd-X and will contain 3 × 1013 viral occlusion bodies L-1 of Cydia pomonella 
granulovirus.
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  A wide range of trials has been carried out with CERI020 and comparable product formulations 
throughout the Europe from 1990 to 2004. These trial results have been used to register CpGV 
based products across Europe and approval has now been gained for its use in Austria, France, 
Germany, Greece, Italy, Netherlands, Slovenia, Spain, Turkey and Switzerland. It is hoped that 
the granulovirus based product Cyd-X will be registered and be available for commercial use in 
the UK in the next few years.

Results

  A full biological assessment has been published in support of the application for approval of 
Cyd-X (Boon, 2005). The granuloviruses are ingested by the newly emerged young feeding larvae 
of codling moth. The protective virus protein matrices (viral occlusion bodies, OBs) are dissolved 
in the insect’s gut, releasing the virus particles. These pass through the peritrophic membrane and 
invade gut cells by fusion with the microvillus membrane. The virus multiplies and infects various 
organs of the larva (haemocytes, tracheal cells, fat body and hypodermis), where it destroys 
cells.
 The use of CpGV in an orchard protects non-target organisms and reduces pesticide residues 
in the fruit by reducing conventional spray treatments. In Italy and other EU countries, where 
organic producers are dependent on CpGV for effective control of codling moth, growers use 
pheromone traps along with timely applications of CpGV to target applications against codling 
moth. It is expected that in the UK CpGV will be integrated within a spray programme so that low 
pesticide programmes especially post-blossom treatments, can be adopted in the orchard. 
  The long term use of CpGV has produced some interesting side benefi ts including the increase in 
benefi cial insects and the overall decline in codling moth populations within the orchard. Further 
granulovirus products are under development by Certis as integrated crop protection solutions.

Discussion

  Besides the codling moth, very few other species can be infected by this virus. These species are 
also tortricid moths but are not found in pome fruit cultivation so the risks from the introduction 
of CpGV are considered to be low. It is expected that the CpGV based product Cyd-X will be 
commercialised and made available for UK apple and pear growers in the very near future.
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Growing organic cereals in Northern Ireland – disease and weed 

problems

By P C MERCER

Applied Plant Science Division, Agri-Food and Biosciences Institute, Newforge Lane, Belfast 
BT9 5PX, UK

Summary

  The small organic arable sector in N. Ireland could be expanded to provide winter feed 
for cattle.  Spring barley or wheat are likely to be the most suitable crops as they are 
reported to have fewer weed and disease problems than winter cereals.  Trials from 2003 
–05 on weed control showed no consistent effect of cultivar, although higher seed rates 
reduced weed biomass and tended to increase yield, albeit marginally.  Trials on disease 
control showed no synergistic effects of two- or three-way cultivar mixtures over single 
cultivars, although disease levels were generally low.   Particularly in spring barley, 
results from mixtures tended to be averages of those of individual components.  It is 
suggested that it may be more advantageous and practical to use the most highly-disease 
resistant or tolerant cultivars rather than concentrate on mixtures.

Key words: Organic agriculture, weeds, Rhynchosporium secalis, Mycosphaerella 
graminicola, spring barley, spring wheat

  
Introduction

  The N. Ireland organic sector is relatively small and tends to be concentrated on poultry, beef and 
sheep production, rather than on arable. However, organic cereals are needed for winter-feeding 
for organic cattle.  A small survey of organic cereal farmers was carried out by the authors, before 
the work reported in this paper, to ascertain the main problem areas.  The survey indicated that 
the main area of concern, as elsewhere in Britain (Welsh et al., 1999) was weed control, followed 
by disease control.  However, both of these areas were considered to be less of a problem with 
spring-grown rather than winter-grown cereals.  The research was therefore targeted on spring 
barley and wheat.  Two particular areas were examined – the effect of cultivar on weed growth 
and the effect of cultivar mixtures on disease control.  

Materials and Methods

 From 2003–2005, two spring barley trials and one spring wheat trial were carried out each year.  
In one of the spring barley trials and in the spring wheat trial, disease levels and yields of single 
cultivars were compared with two-way and three-way mixtures.  For spring barley,  cultivars 
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Annabel, Dandy, Static and Riviera (2003 only; replaced by Hart in 2004–05 because of lack 
of availability) were used; for spring wheat, cultivars Ashby, Chablis and Paragon.  Disease and 
Green Leaf Area (GLA) were assessed on the top three leaf layers at a number of Growth Stages 
(only GS 80/85 is reported in the present paper) and analysed after arcsin % transformation.  The 
second spring barley trial investigated the effect of two cultivars, Dandy and Hart (or Riviera), 
sown at rates of 400, 450, 500, and 550 seeds m-2.  At ca GS 91, 0.5 m2 squares were randomly 
removed from each plot and dry weights of individual weed species and crop measured.  Grain 
yields were measured from all three trials and expressed as t ha-1 at 15% moisture content; thou-
sand grain weights were measured dry.  All trials were carried out at Greenmount Agricultural 
College, Co. Antrim on land which was initially in conversion but since 2004 has been certifi ed 
as organic.  Trials were on plots of 12 m × 1.4 m, and treatments replicated four times.  Analysis 
was by regression and ANOVA using the Genstat statistical package.

Results

  Effect of cultivar and seed rate on weed levels in spring barley
 In 2003, there were no signifi cant effects of seed rate or cultivar on weeds or crops.  In both 2004 
and 2005, however, increasing seed rate signifi cantly reduced weed biomass (P = 0.011, 0.041 
in 2004 and 2005 respectively) although there were no signifi cant increases in crop biomass or 
grain yield.  When data for all three years were combined there was a trend towards decreased 
weed biomass with higher seed rates (P = 0.078).  Fig. 1 is a regression of weed and crop weight 
on stand count for 2003–05 and shows the signifi cant relationship between stand count (resulting 
from seed rate) and weed biomass, but none with crop biomass.  Nevertheless, when data were 
meaned over years, the correlation of stand count with yield approached signifi cance (R2 = 0.88; P 
= 0.061) increasing from 4.83 t ha-1 to 5.00 t ha-1 when going from 340 seeds m-2 to 420 seeds m-2.  
Hart/Rivera out yielded Dandy by 0.5 t ha-1 over 4.6 t ha-1, but there were no consistent effects of 
cultivar on weed suppression.  

Fig. 1.  Regression of weed weight (g d.m. m-2) and crop weight (kg d.m. m-2) on stand count of 
spring barley, sampled at ca GS 91 and meaned across years 2003–05. 
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Effect of cultivar mixtures on disease and yield in spring barley and wheat
 The most commonly and consistently observed pathogens were Rhynchosporium secalis (leaf 
blotch) on spring barley and Mycosphaerella graminicola (Septoria tritici blotch) on spring wheat.  
However, the level of disease in all trials across the years was generally very low and this led to 
few signifi cant differences between single cultivars and cultivar mixtures.  Apart from the lowest 
levels of R. secalis being on the three-way mixtures in 2005 (0.9 arcsin % compared with 3.2 and 
7.1 for single cultivars and two-way mixtures respectively; P = 0.027), there was little evidence 
that cultivar mixtures had any effect in reducing disease in either crop.  
 Differences in GLA of spring barley between the various cultivars and cultivar mixtures were 
signifi cant in 2005 (leaf 1, P < 0.001; leaf 2, P = 0.028) and approached signifi cance in 2003 (P 
= 0.059, leaf 1) and when all data for leaf 2 were analysed together (P = 0.057).  However, these 
differences did not indicate any synergistic effects of mixtures - GLAs for mixtures were close to 
the average of the single cultivars of which they were composed and there was a signifi cant cor-
relation between actual values and those predicted from averages of the individual components 
(Fig. 2).  Although the GLA was on average highest in the three-way mixtures (Table 1a), this was 
not consistent across years.  Differences in GLA of spring wheat between cultivars and cultivar 
mixtures only approached signifi cance in 2003 (leaf 2, P = 0.066), but not in other years.  There 
was no clear effect of mixtures (Table 1b) and the averaging effect noted with spring barley was 
absent.
 Although there were signifi cant yield differences in spring barley between cultivars and cultivar 
mixtures in 2004 (P = 0.001) and 2005 (P = 0.01), there was no synergistic effect.  As for GLA, 
the yields of mixtures were averages of the individual components with a signifi cant correlation 
between actual and predicted values (R2 = 0.40; P = 0.048).  Although yields were highest for the 
three-way mixtures (Table 1a), consistency across years was as poor as it was for GLA.  There 
were no overall effects of mixtures on yield of spring wheat and no averaging effects (Table 1b).  

Fig. 2.  Actual GLA (arcsin %) of leaf 2 at GS 80/85 for 2- and 3-way spring barley mixtures vs GLA (arc-
sin %) estimated from single cultivars, 2003–05.

 Although there were some signifi cant differences in thousand grain weights between cultivars 
and cultivar mixtures of both spring wheat and barley (e.g. spring barley in 2003 (P = 0.016) and 
spring wheat in 2005 (P < 0.001) there were again no synergistic effects.  There was a tendency 
towards averaging in spring barley and no clear effect in spring wheat.  There were no obvious 
differences between averages for single, and two and three- way mixtures (Table 1).
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Table 1.  Green leaf area of leaf 2 at GS 80/85 (arcsin %), yield (t ha-1 at 15% moisture) and 
thousand grain weight (g dry) of single cultivars and 2- and 3-way mixtures of (a) spring barley; 

(b) spring wheat, 2003–05
             

Discussion

 Although there was no clear effect of cultivar on weed control, only two cultivars were examined 
and it is possible that a wider selection would have shown an effect.  More work is needed to ar-
rive at an optimum seed rate to reduce weeds and increase crop yields.  Cultivar mixtures have 
generally been considered to have a role in protecting crops against disease (e.g. Wolfe, 1990).  
However, this was not demonstrated in the present work, possibly because of low disease levels.  
It is possible that it might be better to concentrate on the most disease-resistant or tolerant culti-
vars rather than on mixtures with their inherent agronomic differences.
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Cultivar
mixture

Green leaf area Yield Thousand grain weight

(a) 2003 2004 2005 Mean 2003 2004 2005 Mean 2003 2004 2005 Mean

single 59 66 65 63 7.27 4.99 3.69 5.31 44.6 40.4 40.4 41.5
2-way 65 68 61 65 6.97 5.06 3.35 5.13 44.1 42.3 41.0 42.5
3-way 70 66 71 69 7.25 5.09 4.07 5.47 44.6 41.3 40.9 42.3

(b) 2003 2004 2005 Mean 2003 2004 2005 Mean 2003 2004 2005 Mean

single 71 37 86 65 3.77 3.52 4.47 3.92 48.3 38.0 42.6 43.0
2-way 68 34 85 62 3.31 3.37 4.49 3.72 46.9 38.5 43.9 43.1
3-way 66 34 85 62 3.58 3.64 4.50 3.91 47.1 38.8 43.9 43.3
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Coloured mulch as a weed control technology and yield booster for 

summer savory

By R L WALKER1, K SVOBODA2, E J BOOTH1 & K C WALKER1

1Scottish Agricultural College, Craibstone Estate, Bucksburn, Aberdeen AB21 9YA
2Scottish Agricultural College, Auchincruive, Ayr, KA6 5HW

Summary

  An investigation into the effect of coloured mulch technology as a technique to control 
weeds when growing the essential oil plant, summer savory (Satureja hortensis) was 
made. As well as weed control, the effects on the production of crop biomass and es-
sential oil content and quality were also considered. The mulch treatments produced 
signifi cantly more biomass than either of the control treatments (which used no mulch 
either with or without herbicide). The white mulch treatment produced the greatest 
biomass, closely followed by the red mulch treatment. The blue mulch treatment was 
third in ranking, although not signifi cantly greater than the black mulch. Estimates of 
the quantity of essential oil produced by each treatment followed a similar trend to that 
shown by biomass production.

Key words: Plastic mulch, colour, Satureja hortensis, essential oil

  
Introduction

  A major problem associated with novel crops, as with organic crops, is weed control. Sum-
mer savory (Satureja hortensis) is being investigated for its essential oils, as these possess both 
antioxidant and anti-microbial properties, and have the potential to be used as health supplements 
for both humans and animals. Agrochemical use is likely to reduce the marketable quality of 
the extracts because of the risk of contamination with pesticide residues, so production without 
resorting to herbicide use will enhance the quality and saleability of the product.
The use of mulches is a well recognised method of reducing weed pressure on high value herb and 
horticultural crops, and the technology is potentially a viable option for summer savory. As the use 
of mulches is expensive, any additional benefi ts to its use should be exploited to the full. The use 
of coloured mulches has been investigated in a number of studies in which the spectral qualities 
of the refl ected radiation on the underside of a number of crops including tomatoes (Kasperbauer 
& Hunt, 1998), strawberries (Kasperbauer, 2000), Brassicas (Antonious et al., 1996) and pepper 
(Kasperbauer & Wilkinson, 1995) was altered. These studies concluded that changes in the spec-
tral quality of the light caused by the mulches can effect the crop’s accumulation and partitioning 
of secondary metabolites including lipids, sugars and glucosinolates, with this being attributed 
to stimulation of the plant’s phytochromes. Studies in growth cabinets with light quality altered 
by the use of spectral fi lters to change the ratios of red, far-red and blue light (e.g. Halva et al., 
1992) have shown that the growth, fl owering and essential oil characteristics of dill (Anethum 
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graveolens) and chamomile (Matricaria recutita) can be changed by such treatment. The present 
paper describes a preliminary glasshouse experiment to evaluate the potential use of coloured 
mulch for both weed control and improved accumulation of the desired essential oils in summer 
savory.

Materials and Methods

  The experiment was undertaken in a glasshouse at SAC Aberdeen with the aid of supplementary 
lighting (400W Son-T Agro) to maintain a 16 hour day length. Seed of the summer savory was 
supplied by CN Seeds, Ely, Cambridgeshire, England and had been sourced from northern 
Europe. Seed were sown in general purpose compost in seed trays before being pricked out and 
transplanted into 2 cm plug trays where they were grown on to the 4–5 leaf growth stage. On 
transplanting to 20 cm square pots containing general purpose compost, additional N fertiliser 
was added (equivalent to 100 kg N ha-1). 20 g of soil from a known weedy fi eld was placed on the 
surface of the compost.
  Six treatments were used, four using coloured mulches (white, red, blue and black) and two 
controls, one using propachlor (off label approval) and one without. In order to maintain uniformity 
of the porous black plastic mulch, the colour was applied using car spray paint, including the 
black treatment. A spectrophotometer was used to quantify the quality and quantity of the light 
being refl ected from the mulch treatment surfaces. Seedlings were transplanted through 4 cm 
cross slits in the sheet (1.5 m2 used per ‘plot’), or directly into the control pots. After a light 
watering, the herbicide treatment was applied to the appropriate pots at 480 g L-1 (a.i.). All pots 
were watered regularly during the experiment. A randomised block design was used with each 
1.5 m2 ‘plot’ containing a four by four matrix of 16 pots each with a single summer savory plant. 
Each ‘plot’ represented one treatment and was lined with a 40 cm high screen of highly refl ective 
mylar fi lm in order to prevent light pollution between treatments. There were four replicates of 
each treatment.
  Plants were harvested at full fl ower and were cut just above the soil surface. The percentage of 
weed cover for each plot was estimated in order to evaluate the effectiveness of the weed control 
properties of the treatments. The dry biomass of the summer savory was measured as was the 
quantity of essential oil from each treatment. The results were statistically analysed using the 
ANOVA function of GENSTAT (Genstat 5 Committee, 1992).

Results and Discussion

  At harvest, signifi cantly more weed cover was produced by the treatment with no weed control 
measures, at approximately 60% coverage of the plot. The treatment applied with herbicide had 
the second highest weed cover (around 45%), although this did not differ signifi cantly from the 
mulch-treated plots with the exception of the red mulch treatment (around 18% coverage). These 
data are shown in Fig. 1. The reason why the red mulch produced signifi cantly less weed cover 
than the other treatments was not immediately apparent, although it is possible that the red mulch 
created a favourable spectral environment that induced weed seed germination or seedling growth 
compared to the other treatments (Mayer & Poljakoff-Mayber, 1982). There is the possibility 
that the random soil samples taken from the weedy fi eld and placed on the top of the compost 
may have contained a greater proportion of large prostrate weeds than the other treatments. The 
other mulch treatments, although not signifi cantly different from the herbicide treated control in 
terms of weed coverage at harvest, would have a potentially greater marketing advantage over 
the herbicide treated crop (Kleinhenz et al., 2003). A reduction in the size of the slits used in the 
mulch through which the transplants were positioned could also signifi cantly improve the weed 
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control performance of the mulch, irrespective of the colour. Data (not shown) were collected 
for the dry weight biomass of the weeds, although this proved to be extremely variable with no 
signifi cant differences apparent between treatments.
  Signifi cantly more crop biomass and essential oil was produced by the white mulch treatment 
than all of the other treatments, with the red mulch treatment producing more than the blue and 
black mulch treatments although this was not signifi cant. The two non-mulch control treatments 
(with and without herbicide) produced signifi cantly less crop biomass and essential oil per unit 
area than all the of the mulch treatments, although they were not signifi cantly different from 
each other in this respect. These data are shown in Fig. 2. The lower crop biomass and associated 
essential oil volume harvested from the non-mulch treatments was probably due to the bare soil 
being less effective at retaining soil moisture than the mulch treatments, as temperatures during 
the experiment rose to more than 40oC at times, even with glasshouse ventilation.
 

Fig. 1. The estimated percentage of weed cover at harvest for each treatment.

Fig. 2. (a) the estimated summer savory biomass produced by each treatment at harvest; (b) the estimated 
volume of essential oil produced by each treatment.

  In terms of the mulch treatment effects on biomass and essential oil volume at harvest, the trend 
for the white mulch treatment to produce the most, followed respectively by the red, blue and 
black treatments, was thought to be closely associated with the quantity of photosynthetically 
active radiation (PAR) that was refl ected onto the underside of the crop (Beadle et al., 1985). This 
mirrored the trend shown by the light quality refl ected from the mulch treatments themselves (Fig. 
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3). There may have been interactions between the mulch treatments and the light quality refl ected 
from them onto the plant phytochromes, but this experiment was unable to quantify this.
Treatment interactions between the crop biomass and essential oil production exacerbated the 
trend found for biomass alone, with the interactions having a multiplying effect on oil produced 
per unit area.

Fig. 3. Light quality and relative quantity refl ected by the coloured mulch treatments.
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How can we achieve 100% organic diets for pigs and poultry? 

By S PADEL1 & A SUNDRUM2
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2Department of Animal Nutrition and Animal Health, University of Kassel, 

Witzenhausen, Germany

Summary

  The question of quantity and quality of inputs that may be used is of high importance 
for the development of organic livestock production in light of the current revision of 
the European regulation on organic food.  The paper is based on the EU funded project 
Organic Revision and presents selected results concerning the question of independence 
from conventional inputs in relation to organic feed. Fundamental differences in the 
structure and in the relationship between input and output lead to completely different 
agro-ecosystems. This limits the relevance of recommendations derived form nutritional 
research in conventional systems for organic animal husbandry. The limitation of protein 
supply in organic systems represents not only a challenge but also an opportunity for 
improved quality. It is possible to formulate diets for pigs and poultry with only organic 
ingredients, although availability of protein can be problematic. Farmers can adopt a 
range of measures to reduce the demand for high quality protein sources in the diet of 
pigs and poultry.

Key words: Organic rations, animal nutrition, feeding strategies 

Introduction  

  The question of which non-organic inputs and their volume used in organic farm systems is of 
high importance for the integrity of organic production. According to current regulations organic 
farm animals must be fed on organically produced feedstuffs which are primarily of home-grown 
feedstuffs (EC Regulation 2092/91, Annex I B 4.2–4.3). Only if organic feed is not available in 
suffi cient quantity and quality, can a set percentage for each type of non-organic components 
(from Annex II) be used. The proposal for a total revision of the European Organic Regulation 
envisages no further use of non-organic materials unless special conditions for fl exibility apply. 
  Closing the nutrient cycle within a farm system both for plants and livestock is an important aim 
of organic farming. Under the conditions of 100% organic diets organic livestock production is 
challenged to deal with limited availability of feed materials. There is particular concern about 
being able to formulate adequate rations that meet the nutritional and physiological requirements 
of livestock, especially in relation to essential amino acids in the feeding of poultry and pigs. 
Nutritional imbalances could have a negative impact on animal health and welfare mainly in the 
case of young stock. However, allowing conventional feedstuffs to be used carries the risk of 
residues and GM contamination, and could lead to an unwanted intensifi cation of organic animal 
production with damaging effects on consumer confi dence in organic animal products. 
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  The EU funded research project Organic Revision has looked at the question of how 100% 
organic feed rations for pigs and poultry can be achieved. A literature review provided an overview 
of the system related aspects of the protein supply in organic poultry and pig production. The 
physiological effects of a variation in protein nutrition with respect to growth performance and 
protein accretion in broilers, turkeys, laying hens and pigs were examined. The potential side-
effects on product quality and animal health and welfare were addressed (Sundrum et al., 2005). 
In addition, an overview of supply and demand for organic concentrate feed based on statistical 
data under the assumption of 100% organic rations was calculated (Padel, 2005). 

A Systems Approach to Animal Nutrition

  Organic agriculture is frequently described as a systems approach to farming. The principle 
of organic production of aiming for a balanced relationship between crops and animals through 
the use of farm derived and renewable natural resources corresponds well with characteristics 
of ‘open systems’ that aim for a state of equilibrium (Hodson, 2002). Using a system approach 
implies that a farm system can only be understood if all its components, properties, boundaries, 
goals and internal feedback mechanism are considered. 
  Matching the supply of nutrients as accurately as possible to the requirements of maintenance 
and performance at various stages of development is an important tool of performance-oriented 
conventional livestock production (Flachowsky, 1998).  In formulating diets for organic farm 
animals the goals of producing animal products of high quality in a cost effective way have to 
be balanced with the needs of both the animals in the various stages of life and the environment 
(Sundrum, 2001). The overall aim of minimising the use of external inputs implies that at least 
some of the required feed materials should be grown on the holding. Both nutrient requirements 
and availability of farm feed materials are farm specifi c, the former depending on genotype and 
expected performance, the latter on farm resources, climate, soils and the resulting crop rotation. 
Animal nutrition in organic livestock production therefore requires a systems oriented approach 
taking supply and demand at various levels into account. This fundamentally different approach 
restricts the applicability of the conclusions and recommendations from research in animal 
nutrition under the conditions of conventional agriculture.  

Limited Protein Accretion and Protein Supply as an Opportunity for Quality

  Protein accretion in the organism is the result of protein synthesis rate and decomposition rate; 
both are greatly infl uenced by the genotype of the organism. Under the economic conditions of 
conventional agriculture, farmers aim to maximise protein accretion by using genotypes with a 
high growth capacity and by increasing the supply of essential amino acids (EAA) through in-
creasing their concentration in the feed ration. Aiming for high protein accretion carries associated 
risks, as observed particularly in the case of poultry production (European Commission, 2000). In 
organic poultry and pig production systems, growth rates and protein accretion are clearly lower 
compared with conventional, because of the restricted availability of feedstuffs with a high content 
of the limiting amino acids. Reduced growth rates are an important precondition for high sensorial 
quality of meat from monogastric animals due to antagonistic relationships between traits related 
to performance and to sensorial quality. Limitations of the supply of protein in organic systems, if 
managed appropriately, represent not only a challenge for ration formulation for pigs and poultry 
but also an opportunity to improve product quality. 
  Organic animal systems aim to utilise organic home grown protein sources because conventional 
feed materials of Annex II C of EC Regulation 2092/91 can only be used until the end of the 
transition period ending the derogation for such feeds. Apart from pulses other organically 
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produced feedstuffs that could potentially be valuable are various expeller cakes and milk products. 
However, factors such as digestibility and amino acid availability, content of metabolisable energy, 
fi bre, fat, and type and quantity of anti-nutritive factors (ANFs) infl uence the maximum inclusion 
rate of many home grown protein sources. Particular challenges arise in replacing conventional 
ingredients in organically produced compound feeds. 
  Concerning animal health and welfare problems in relation to nutritional imbalances, there 
is sound evidence that, apart from the animal’s fi rst weeks of life, both poultry and pigs can 
compensate to a high degree for imbalanced feed rations without the onset of specifi c health and 
welfare problems.  Many examples of 100% organic feed rations clearly indicate that in general, 
it is possible to formulate diets without the use of non-organic feedstuffs (see Table 1). However, 
strains with a high genetic yield capacity seem to be more sensitive to suboptimal feed rations 
than slow growing strains or robust breeds. 

Table 1.  Examples of 100% organic feed ration for broiler (fattening period)
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Source: various authors in Sundrum et al. (2005)

Balance of Supply and Demand for Protein Feeds

  On the basis of statistical data on land use and number of livestock on organic farms in the EU-25 
between 2002 and 2004 estimates for average crop yield, proportion used in animal feed, average 
intake of concentrated organic feed for various stock categories and demand balances for organic 
concentrate feed in Europe and in the UK were calculated (Padel, 2005; see Fig. 1). 

  

Fig. 1. Supply and Demand for organic feed materials in Europe and the UK (Source Padel, 2005)
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  In the EU 25 More than half of the demand arises from ruminant stock, a quarter from organic 
poultry, and the remainder from organic pigs, in the UK less then half arises from ruminants and 
the highest demand comes from poultry. Between 2002 and 2004, in the EU-25 the production 
of cereals would have been suffi cient to feed all stock with 100% organic diets, but there was 
insuffi cient high quality protein. Adopting the feeding strategies suggested below could reduce 
the overall demand for high quality protein sources, but would increase the demand for pulses and 
cereals. Greater demand because of the move to 100% organic should help to stimulate supply. 
Because of the considerable number of animal involved, changes in the diet of ruminants could 
have an impact on the overall demand and availability of organic protein sources in Europe. 

Developing a Farm Specifi c Strategy for Feeding and Monitoring 

  Organic farms vary in relation to availability and quality of home-grown feedstuffs, the 
performance and feed intake of animal genotypes, and in farm specifi c housing and feeding 
conditions. Typical crop rotations in the UK range from mainly grass based systems in the high 
rainfall and mountain areas to rotations with a high proportion of cereals and pulses.  Livestock 
systems range from sheep and cattle farms in the grassland areas to mixed livestock systems 
comprising cattle, sheep, pigs and poultry of a range of breeds and strains and of varying fl ock 
sizes.  Due to this variability, feeding strategies that aim to achieve 100% organic feed within the 
given time scale need to be closely related to the farm specifi c situation and cannot be based on 
blueprint recommendations. The analysis of home-grown feedstuffs and accurate calculation of 
feed rations according to the requirements in the different stages of life are essential to improve 
the effi ciency of feed use. Regular monitoring of the supply and demand for feed at the farm gate 
helps to assess the necessity for supplementation with external feed materials. The following 
measures could be used by organic farmers in working towards 100% organic diets: 
 • Using of slow growing strains, thus reducing nutritional requirements; 
 • Increasing  the feed intake by reducing the energy content of the diet and by optimising  
   feeding and  housing conditions so that the concentration of essential amino acids in the 
   feed ration can be reduced which reduces the demand for high quality protein feeds;  
 • Implementing  multiple  phase  feeding,  thus  adapting  the supply  more closely  to the 
    requirements in the different stages of production,
 • Implementing  sex-segregated housing to adapt  the supply more closely to the different 
    requirements of the genders,
 • Using compensatory  growth effects,  thus reducing  the demand  for feedstuffs  of high 
    quality protein,
 • Purchasing  of  organic  protein  sources  like  rape  cake,  soybean  cake,  or skim  milk 
    powder to compensate for the previous use of non-organic feedstuffs. 

References 

European Commission. 2000. Report of the Scientifi c Committee on Animal Health and 
Animal Welfare. The welfare of chickens kept for meat production (broilers), Brussels: European 
Commission.
Flachowsky G. 1998.  Die Tiernährung im Spannungsfeld aktueller und zukünftiger 
gesellschaftlicher Erwartungen und Forderungen. Ber. Ldw. 76:237–269.
Hodson P. 2002.  Systems. In  Information Systems: an introduction to informatics in Organisations. 
Palgrave, chapter 3, pp. 1–9. Ed. P Beynon-Davies.
Padel S. 2005. Overview of supply and demand for concentrated organic feed in the EU in 2002 
and 2003 with a particular focus on protein sources for mono-gastric animals. Aberystwyth:
Institute of Rural Sciences, University of Wales, Aberystwyth.



241

Sundrum A. 2001. Organic livestock farming - A critical review. Livestock Production Science 
67:207–215. 
Sundrum A, Schneider K, Richter U. 2005. Possibilities and limitations of protein supply in 
organic poultry and pig production. Witzenhausen: Department of Animal Nutrition and Animal 
Health, University of Kassel.



242



Aspects of Applied Biology 79, 2006
What will organic farming deliver?  COR 2006

243

The effect of farming system on dairy cow cleanliness in the UK and 
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Summary

  The cleanliness of dairy cows was assessed using a 20 point hygiene score system at 
different times in the year on 14 organic and 14 conventional farms in the UK. Overall, 
cows were dirtier during winter housing compared to summer grazing. Farming system 
had no effect on cow cleanliness when cows were at grass, but when housed in the 
winter, organic cows were more likely to be cleaner. There was a link between cow 
hygiene scores and milk hygiene, with herds having lower bulk tank somatic cell counts 
(BTSCC) tending to have cleaner cows. This relationship was strongest for the organic 
herds. There was no signifi cant link between hygiene score and Bactoscan (BS) count 
or mastitis incidence. 

Key words: Dairy cow, hygiene score, somatic cell count

Introduction  

  Poor dairy cow hygiene score indicating dirty cows has been linked to an increase in sub-clinical 
mastitis (Schreiner & Ruegg, 2003) and bacterial contamination of milk (Sanaa et al., 1993). Cow 
cleanliness may be affected by housing design, bedding type and provision and faecal consistency, 
which in turn refl ect cow nutrition and digestion (Ward et al., 2002; Bowell et al., 2003; Grove-
White 2004). Based on the known differences of management between organic and conventional 
dairy cows, this study aimed to investigate whether cow cleanliness was affected by farming 
system or the transition from summer grazing to winter housing, and whether cow hygiene score 
affected the hygiene parameters of the milk produced and the clinical mastitis incidence.
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Materials and Methods

  Fourteen farms (7 organic and 7 conventional) were visited in August and October 2003, and 
28 farms (14 organic and 14 conventional) were visited in January 2004 for assessment of cow 
hygiene score. Within-observer repeatability of scoring was assessed by duplicate scoring of cows, 
and the degree of the observer agreement was calculated. Cow hygiene scores were compared over 
time using a generalised linear mixed model (GLMM) analysis of variance. Proportional odds 
logistic regression (POLR) was used to analyse the factors affecting cow hygiene score at each 
time point. Farm management and milk quality data comprising Bulk Tank Somatic Cell Count 
(BTSCC), Bactoscan count (BS) and the reported clinical mastitis case rate were recorded. Bulk-
tank milk samples from each farm in January were submitted for bacteriological culture. Farms 
were ranked by BTSCC, BS and mastitis incidence with the hygiene score of the top quartile of 
herds compared to the bottom using a Mann-Whitney test. Regression analysis was conducted of 
BTSCC relationship with median herd hygiene score for organic and conventional farms.

Results

  Hygiene score assessment was shown to be repeatable, as indicated by good agreement using 
weighted Kappa (K(W)). Overall, GLMM analysis showed that cow hygiene score increased 
(cows became more dirty) between August and January (P < 0.001), which corresponded to cows 
being housed in winter. The POLR analysis showed that when all cows were at grass, dry cows 
were more likely to be in a cleaner score category compared to lactating cows (P < 0.001). When 
housed and when cows were separated by yield group, higher yielding cow groups were less likely 
to be in a cleaner score category compared to when all lactating cows were grouped together (P < 
0.001). Cows housed in straw yards were less likely to be in a cleaner score category compared to 
cows in cubicles (P < 0.001). However, organically managed cows in straw yards were more likely 
to be cleaner then conventional cows in straw yards (P < 0.05). Overall, when housed, organically 
managed cows were more likely to be in a cleaner score category compared to conventional cows 
(P < 0.001). The quartile of herds with the lowest cell count tended to a lower (cleaner) median 
cow hygiene score (P = 0.06). Hygiene score and BTSCC association differed between organic 
and conventional farms, where on organic farms R2 = 0.38 (P = 0.02) and on conventional R2 

= 0.06 (P = 0.38). There was no signifi cant association between hygiene score and BS count or 
mastitis incidence. No major mastitis pathogens were cultured from the cleanest quartile of herds, 
but major pathogens were cultured from the three herds in the dirtiest quartile. 

Discussion

  Organic cows were more likely to be cleaner when housed, which has implications on animal 
health and welfare. Hygiene score is not merely a cosmetic issue and is associated with BTSCC 
and therefore, sub-clinical mastitis. Thus, organic farms, which use fewer antimicrobials and no 
blanket dry cow therapy, should emphasise clean cow management as part of sub-clinical mastitis 
prevention.
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Summary

  Endangered breeds are not compulsory for organic farming, but adapted and local breeds 
are considered suitable for Organic Farming. In the year 2001, 240 ewes of six different 
breeds were introduced on the experimental farm of the Institute of Organic Farming in 
Trenthorst. Two were high yielding breeds, four older endangered German breeds. The 
whole herd was kept in one herd in a low input – low output system, comparable to agri-
environmental schemes. The scientifi c programme was to follow the herd’s development 
in terms of health status, growth rate and product qualities. 
    After three lambing seasons, no real advantages could be found for the old breeds. 
Nevertheless, high yielding and old breeds did not show big differences in production 
and health performance. The result is, that even in low intensive organic farming systems, 
old and endangered breeds need fi nancial support to be competitive with high yielding 
breeds.

Key words: Sheep, rare breeds, organic farming, Germany, agri-environmental 
schemes

Introduction  

  Many domestic livestock breeds are endangered (Rahmann, 1997). The International Biological 
Commitment IBC has forced National Governments to support and protect the genetic resources 
in situ (Rahmann et al., 2001. Endangered breeds are not compulsory for organic farming, but 
adapted and local breeds are considered as suitable for organic farming (EU-Regulation 2092/91). 
But organic farmers are not at all convinced that old and endangered breeds are favourable for 
their livestock activities (Rahmann & Nieberg, 2005). Therefore, primarily high yielding breeds, 
and rarely local and endangered breeds are kept on organic farms throughout Europe. Until now, 
there has been no scientifi c confi rmation that old breeds are more favourable for organic farming 
than high yielding breeds. Biotope management with livestock under organic farming conditions 
should be the most favourable condition for the advantage for rare old breeds. If not there, where 
else? 
    To give an answer about the potential of endangered breeds in organic low input – low output 
systems, a sheep fl ock of 250 ewes of two high yielding and four old sheep breeds was estab-
lished in 2001 at the organic experimental research station of the Institute of Organic Farming in 
Trenthorst (Northern Germany). All sheep were kept under same conditions in one fl ock. They 
were kept without concentrate feeding, just two months indoors, without tail trimming and with 
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medium roughage quality of the sward in the summer season (agri-environmental scheme). The 
fl ock was assessed for its health status and its production performance over three years. The target 
was to show whether there are any economic or other advantages (health, product quality) to 
keeping endangered breeds instead of high yielding breeds on organic farms. 

Materials and Methods

    In the year 2001, a sheep herd of different breeds was established at the organic research farm 
of the Institute of Organic Farming in Trenthorst (Northern Germany) (Rahmann, 2002). To test 
the suitability of the breeds for agri-environmental schemes under organic standards, one high 
yielding breed (German Blackface sheep) and three endangered German breeds (Rhoen sheep, 
Coburger sheep, Bentheimer sheep) were used. All ewes were born in 2001 and came as lambs 
to the experimental farm. Every breed had between 40 and 50 ewes. The whole herd was kept in 
one herd in a low input – low input output-system, comparable to agri-environmental schemes 
(Rahmann, 1997). The sheep were kept on medium productive grassland (Fig. 1a). The vegetation 
on the 30 hectares was defi ned as Ranunculo alopecuretum geniculati with 98% grass, 1% legumes 
and 1% herbs in biomass (appraisal with method Klapp & Stählin, 1965). The stocking rate was 
about one animal unit per hectare and year. The sheep received no concentrate feeds throughout 
the year. Mineral blocks and clean piped water were offered ad libitum. 
    Only in the lambing season in March/April were they kept indoors to avoid lamb losses due 
to raptors (crows). The lambs were kept with their mother until autumn. Winter feedstuff was 
produced on the same experimental grasslands as hay and silage. The fl ock was shifted every three 
weeks to new plots to reduce endoparasite infection. 

Fig. 1. (a) The sheep fl ock on the 30 hectare experimental grassland in Trenthorst, Germany; (b) Weighing 
of the sheep on the experimental grasslands.

The scientifi c programme was to follow the herd’s development and performance in an organic 
agricultural scheme. The animals (ewes and lambs) were weighed monthly (see Fig. 1b) after 6 
hours without fodder. The health and the reproduction parameters have been documented.

Results

Productivity
    One of the most important production parameters for sheep keeping is the number of weaned 
lambs per ewe per year. All ewes are considered (even the ewes that did not give birth) and lambs 
are declared as weaned with 52 days after birth, even if they suckle longer. 
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    In Table 1 the development of the fl ock is described. The fi rst lambing was diffi cult (all ewes 
had deliveries in Spring 2003 deliverance and many of them had diffi culties due to uterine pro-
lapse. The old breed Bentheimer sheep suffered most of all. All ewes were replaced by offspring 
from 2003. That is why in 2004 no Bentheimer sheep gave birth. In the third lambing year 2004 
the herd was well established. The number of weaned lambs per ewe and year was better for old 
breeds than for the high yielding breed. This advantage continued in 2005. 

Table 1. Production fi gures of the experimental sheep fl ock at the 
organic research station in Trenthorst 2003 to 2005

No. 
ewes

Lambing 
rate

Fertility 
rate

Mortality 
rate

Productivity 
rate

2003
Bentheimer sheep
Coburger sheep
Rhoen sheep
German blackface
Total

2004
Bentheimer sheep
Coburger sheep
Rhoen sheep
German blackface
Total

2005
Bentheimer sheep
Coburger sheep
Rhoen sheep
German blackface

Total

37
42
43
43
165

0
36
35
34
105

16
36
41
37

130

1,32
1,54
1,56
1,50
1,46

1,55
1,76
1,86
1,72

1,87
2,03
1,78
1,71

1,84

100%
98%
84%
84%
97%

92%
97%
85%
91%

94%
89%
100%
92%

94%

4%
10%
5%
15%
9%

14%
8%
2%
8%

4%
12%
5%
3%

7%

4%
10%
5%
15%
9%

14%
8%
2%
8%

4%
12%
5%
3%

7%

    The number of lambs / ewe / year is not the only parameter for successful production. The 
weight gain in summer is more important. When lambs are sold in autumn, 40 kg is the minimum 
live weight for abattoirs. If the ewes do not have enough milk, the growth performance of lambs is 
infl uenced, particularly in grassland systems where no concentrates are fed. Two lambing seasons 
(2003 and 2004) have been used to assess the weight gain. Weaning time in September (mating 
season) has been used to show the results. Only lambs were considered which were in the same 
age group and comparable between the two years. 

Weight development of lambs
    In Table 2 it is observable that the lambs of the high yielding breed German blackface did grow 
better. The Coburger sheep and the Bentheimer lambs showed medium weight, while the Rhoen 
lambs were the worst breed. The male German blackface lambs were 36% (2003) and 39% (2004) 
heavier than Rhoen lambs. The difference was not so high between the female lambs (26% and 
27%). Not one of the lamb was ready for selling and all needed to achieve a fi nishing live weight 



250

of 40 kg. A daily weight gain of 300 grams for about 4 to 6 weeks is necessary.
Higher fertility rates of rare breeds did not compensate their lower growth performance compared 
to the high yielding German blackface. All breeds were without any signifi cant difference in lamb 
production per ewe measured in kg live weight of the lambs (Table 3). The carcass quality of rare 
breeds is generally lower than high yielding breeds (Rahmann, 1997; Rahmann et al., 2001).

Table 2. Average live weight of lambs of different breeds in September 2003 and 2004 
at the research station in Trenthorst / Northern Germany

September 2003
    n            average          var.                   

September 2004
   n            average          var.  

Coburger lambs
Bentheimer lambs
Rhoen lambs
German blackface lambs
Total

Coburger lambs
Bentheimer lambs
Rhoen lambs
German blackface lambs
Total

male
21
11
17
13
62

female
21
17
22
22
82

kg
26,84
29,07
24,36
33,22
27,85

27,83
31,98
23,56
29,75
27,08

kg
5,8
4,9
4,9
7,9
6,6

4,8
5,3
5,1
6,5
5,9

male
12

17
19
48

female
19

25
14
58

kg
33,43

24,36
33,94
31,80

29,48

25,51
32,30
28,45

kg
4,3

4,9
4,1
4,2

4,2

2,9
4,9
4,7

 

Table 3. Lamb production per ewe of different breeds in 2003 
and 2004 (kg live weight per ewe in September)

Kilogram live weight of weaned lambs  / ewe (September)
      Annual productivity rate           Average productivity rate of
              of the breeds                 the breeds between 2003-05

Coburger lambs
Bentheimer lambs
Rhoen lambs
German blackface lambs
Total

2003

37,77
40,62
29,04
31,83
34,79

2004

36,03
0,00
40,82
50,35
41,46

2003

29,23
33,38
25,06
31,11
28,52

2004

41,38
0,00
38,16
43,92
40,97

 

Discussion

  After three lambing seasons, no real advantages could be found for the old breeds. Nevertheless, 
high yielding and old breeds did not show big differences in production and health performance. 
The conclusion is, that even in low intensive organic farming systems, old and endangered breeds 
need fi nancial support to be competitive with high yielding breeds.
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An assessment of nitrogen fi xation in ‘organically managed’ 
spring-sown lupins and leaching under a following winter cereal

By A JOYNES, D HATCH & A STONE

Institute of Grassland and Environmental Research, North Wyke Research Station, Okehampton, 
Devon, EX20 2SB, UK

Summary

Three spring-sown species of lupins (Bora, Prima and Wodjil) and peas were 
compared in terms of N fi xation and subsequent leaching under a following 
winter cereal crop. Although peas out-yielded lupins (5.4 t compared with ca 
3.5 t grain, respectively), the yellow lupin (Wodjil) fi xed more N than peas (180 
compared with 120 kg N ha-1) and all three lupins contained more protein (> 
30%) than the peas (22%). Wodjil was the most effective at suppressing weeds, 
carrying only 12% of the weed burden found in fallow plots, followed by peas 
(19%). Winter leaching amounted to > 50 kg nitrate-N ha-1 from under the winter 
cereal, regardless of whether the previous treatment was a legume crop or was 
left fallow. There were no signifi cant differences in leaching between the three 
species of lupin. Leachate in the fi rst 350 mm of drainage under the winter cereal 
exceeded the EU limit on nitrate in drinking water in all treatments. This work 
is part of a wider collaborative study supported by Defra which covers a range 
of UK sites.

Key words: Leaching, lupins, fallow, nitrate, phosphorus, potassium

Introduction

A major challenge to agriculture in the UK is to improve the management of plant macro-
nutrients and to minimise losses to water courses to comply with the implementation of the EU 
Water Framework Directive, whilst maintaining economic sustainability. Organic farmers are 
under additional pressure as the derogation to allow the use of non-organic livestock feeds expired 
on 24 August 2005. Feeds must now be GM free and traceable. Lupins are not widely grown in 
the UK, but are able to fi x nitrogen (N) from the atmosphere and produce grain which is high in 
protein with potential for use as a livestock feed in organic farming. Lupins are used as a forage 
legume or as a green manure in rotations with a winter cereals, but this raises concerns about the 
extent of nutrient losses, especially leaching. Experiments at IGER were undertaken to assess the 
suitability of three lupin species, managed ‘organically’ under UK conditions, in terms of yield 
and subsequent leaching under a following a winter cereal.
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Materials and Methods

Two blue fl owering species of lupin (Lupinus angustifolius, var. Bora and Prima) and one yellow 
(L. luteus, var. Wodjil) were compared with peas (Pisum sativa, var. Ventura) grown in fi eld plots (3 
m × 10 m) on a freely draining soil (sandy loam, FAO dystric or eutric cambisol). The soil was pH 
5.5 and contained moderate levels of available phosphorus (P) and potassium (K). The experimental 
site (previously cropped to conventionally grown spring wheat and not in ‘conversion’) was 
ploughed on 1 April 2005 and then left for one month as soil conditions were too wet to prepare a 
seed bed. The plough furrows were then rolled, power-harrowed to produce a fi ne tilth and drag-
harrowed to level the ground for sowing, but not rolled due to wet soil conditions. No fertilisers or 
herbicides were applied, as the crops were to be managed ‘organically’. Seed rates (kg ha-1) were: 
Prima, 216; Wodjil, 126; Bora, 122 and Ventura peas, 241. The lupin seeds were treated with a 
proprietary inoculum of rhizobia, specifi c to lupins (Bradyrhizobium).  The recommended rate of 
inoculum was increased threefold (viz. 12 g peat-based inoculum to 1 kg seed) because the seed 
had to be weighed into small bags, 24 h before sowing. A small plot seed drill (Hege) was used 
with an overall drilling width of 1.35 m and a row spacing of 11.5 cm. An extra ‘pinch’ of the peat 
was also added to each bag of seed and shaken just before sowing to aid infection. Plots were sown 
on 12 May 2005 and then rolled to consolidate the seed bed. Each block also contained a fallow 
plot to assess the extent of weed infestation in the absence of a sown crop and also to provide an 
estimate of soil N supply which was deducted from the N yield in the treatment plots to estimate 
N fi xation. Crops were harvested using three quadrats (0.5 m2) placed randomly within each plot 
and cut to a standard height of 2.5 cm above ground level. Seed pods were removed by hand and 
air-dried for 72 h before shelling and all the plant trash was returned to the plots. The remaining 
area of each plot was cleared using a small plot harvester (Haldrup) and the residues ploughed in, 
power harrowed and sown on 7 October 2005 with 150 kg ha-1 winter barley (Hordeum vulgare, 
var. Pearl). Before emergence, 10 macrorhizon leaching tubes (Meijboom & van Noordwijk, 
1996) were installed in each plot. The leachate sampling tubes were run to a central collection 
point between plots to minimise damage to the new cereal crop when samples were obtained. The 
macrorhizon tubes were put under vacuum by applying suction from a 60 mL syringe with the 
plunger held fully open by a peg for 24 h. The frequency of sampling leachates was dictated by the 
amount of precipitation and initiated whenever cumulative rainfall reached ca 50 mm.  Sampling 
continued from October 2005 to the end of March 2005 when drainage ceased. All samples were 
frozen shortly after collection and subsequently analysed for nitrate-N and P (SRP, soluble-reactive 
P) by automated analyses and K by fl ame photometry.

Results

Plant establishment, measured three weeks after sowing, gave mean populations (plants m-2) of: 
46 (Prima), 32 (Wodjil), 28 (Bora) and 36 (Peas) which were well below the target populations of 
100, 70, 70 and 80, respectively and probably refl ected insuffi cient preparation of the seed bed. 
Peas matured fi rst and were harvested on 31 August, followed by Prima on 5 September. The other 
lupins (Wodjil and Bora) ripened together and were harvested between 19 and 23rSeptember. The 
three lupin species all remained upright with no signs of lodging through to harvest.

Grain yields (Table 1) were obtained from quadrats and represent gross grain production, without 
the loss of seed normally associated with mechanical harvesting. Peas gave the highest yield, 
maturing after 111 days from sowing and of the lupins, Prima performed best, producing most 
grain and ripening after 119 growing days with Bora and Wodjil taking 130 days to ripen from 
sowing. Wodjil had the highest grain protein content and the least weeds; it also had the highest 
plant biomass (Table 2), fi xing signifi cantly greater amounts (P < 0.05) of N than the other species 
and contained more P and K in the plant trash.
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Under the newly sown winter barley crop, leachate (Fig.1) from all the plots (including 
previously fallow) consistently breached the EU drinking water limit for nitrate during the fi rst 
350 mm of drainage. Although plots previously with Wodjil had the highest concentrations, there 
were no signifi cant differences between treatments and there were similar patterns of decline in 
concentrations, all returning to below 5mg nitrate-N l-1 by the end of drainage.

Table 1. Grain yield (kg ha-1) at 15% moisture content, grain nutrient content (kg ha-1), % 
crude protein in grain and weed burden (as % of the weeds in fallow plots), 2005

Crop: Peas Bora Prima Wodjil

Grain yield 5387c 3215a 3864b 3548ab

Grain N 161a 140a 161a 197b

Grain P 18.6b 11.1a 18.7b 12.2a

Grain K 51.2b 32.1a 47.0b 35.6a

% protein 22 32 31 41

% weeds 19 27 30 12

For comparisons between species, values that have different letters are sig. diff. P < 0.05

Table 2. Dry matter yield and content of major nutrients in plant trash (without grain) and 
estimated N fi xation (kg ha-1) in above-ground biomass, 2005

Crop: Peas Bora Prima Wodjil

DM yield 3375a 3970b 3512ab 5439c

N 50.5c 39.6b 31.0a 68.9d

P 2.43b 1.45a 1.50a 3.43c

K 21.7a 54.1c 29.9b 47.8c

N Fixation 126b 94.4a 107ab 181c

For comparisons between species, values that have different letters are sig. diff. P < 0.05

Fig 1. Concentrations of nitrate-N in leachate collected in over-winter (2005/6) drainage from under winter 
barley previously cropped with legumes or left fallow.
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Total losses of N through leaching were >50 kg N ha-1 (Table 3) and were similar for all previous 
treatments, with the greatest loss recorded after Wodjil, although this was only at a low level of 
signifi cance (P < 0.1). Only small quantities of SRP were leached under the barley crop from all 
the previous treatments and the ratio of N:K leached (mean of 5.9:1) was fairly consistent between 
all treatments.

Table 3. Nutrients leached (kg ha-1) under winter barley in 2005/6

Nutrients Peas Bora Prima Wodjil Fallow

N 55.9 54.6 61.6 93.8 69.0

P 0.10a 0.12a 0.10a 0.16b 0.11a

K 9.1 10.3 6.3 15.1 9.2

N:K 6.1 5.3 5.9 6.2 7.5
For comparisons between species, values that have different letters are sig. diff. P < 0.05

Discussion

Although plant populations were below-target, the plots remained relatively weed-free. Better 
growing conditions overall in 2005 (despite the wet conditions at sowing) also gave improved 
yields over the previous year, when the same crops were grown in an adjacent fi eld (Hatch et al., 
2006); Prima being the fi rst to ripen in both growing seasons. The later ripening species (Wodjil and 
Bora) invested fewer nutrients in grain production and consequently yielded a greater proportion 
of above-ground biomass. Wodjil was the most effective at suppressing weeds, followed by peas. 
This may be partly due to its branching growth habit, higher biomass production, or possibly some 
allelopathy towards certain weed species. Over-winter leaching, following fallow with weeds, was 
comparable to leaching where lupins had been grown previously, although others (McLenaghen et 
al., 1996) found more leaching from fallow ground when compared with a growing lupin crop. The 
winter barley was to be harvested in 2006 to assess the nutrient supplying capacity of the legume 
rotational phase. The differences between nutrient content of an ‘organically grown’ barley crop 
on plots previously occupied by legumes, will be compared with the plots which were previously 
left fallow.

Conclusions

  The new spring sown species of lupin could provide a valuable source of home-grown, non-
GM feed for farm animals as an alternative break crop for arable systems and are of interest for 
inclusion in livestock rations because of their higher protein content compared with peas. This work 
has shown that they also offer the prospect of certain environmental benefi ts such as low nutrient 
requirements and can provide an additional source of N from fi xation for the organic farmer. On 
free-draining soils, however, there may be losses from unharvested crop residues and/or weeds 
and from accumulated soil N following the break crop, that are vulnerable to leaching when soil 
drainage begins, if not fully utilised by the following winter cereal.
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Development of the FBC model to estimate the nitrogen available 
from fertility-building crops in organic rotations

By S P CUTTLE

Institute of Grassland & Environmental Research, Aberystwyth, SY23 3EB, UK

Summary

The FBC (Fertility Building Crops) model has been developed as a planning 
tool to provide organic farmers with information about how much nitrogen will 
be available in the soil at different stages following the ley phase of the rotation. 
It predicts the likely crop yields under this level of nitrogen supply and provides 
an estimate of how much nitrogen will be lost by leaching and denitrifi cation so 
that if necessary the grower can examine the effects of modifying the rotation to 
improve the effi ciency of nitrogen use and minimise losses. The model is easy to 
use and requires only the sort of information that is readily available to commercial 
growers. Although it appears to provide realistic simulations of a range of crop 
rotations and conditions, it has not yet been fully validated.

Key words: Crop rotation, mineralisation, model, nitrogen supply, organic 
farming, planning, yield

Introduction

In organic farming rotations, it is important that the fertility-building phase and other fertility inputs 
should provide suffi cient nitrogen to produce satisfactory yields during the arable cropping phase. 
It is equally important that soil nitrogen should not be wasted as losses to the wider environment. 
The FBC (Fertility Building Crops) model has been developed as a planning tool to provide organic 
farmers with information about how much nitrogen will be available to crops at each stage of the 
rotation and the likely crop yields under this level of nitrogen supply. It also provides an estimate 
of nitrogen losses by leaching and denitrifi cation. The grower can use the model to explore how 
modifi cations to the planned rotation will infl uence crop yields and nitrogen losses. The model 
has been designed for use by farmers and advisors and only requires the sort of information that 
is readily available to commercial growers.

Description of the Model

The FBC model is currently in the form of a spreadsheet-based model. It is intended for use with 
crop rotations where there is a clearly defi ned ley phase, followed by up to fi ve years of arable 
cropping. 
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Nitrogen accumulated by the ley
The fi rst part of the model provides an estimate of the quantity of nitrogen accumulated by the 

ley. Details of the ley phase are not modelled directly, instead the model uses the description of the 
ley provided by the user to select appropriate values of the amounts of nitrogen and carbon in the 
sward residues at the time of cultivation. The values contained in the FBC model were obtained 
using a separate model based on work by Whitehead et al. (1990). The estimated amounts of 
nitrogen in the soil after ploughing the ley set the starting conditions for the second phase of the 
model, which calculates the amounts of nitrogen  mineralised from the ley and other crop residues 
during the arable phase.

Nitrogen mineralisation during the arable phase
This part of the model is based on the Stix model that was developed to predict nitrogen mineralisation 

from soil and crop residues in order to improve the accuracy of fertiliser recommendations for 
conventionally grown crops (J A King, ADAS, unpublished). It operates on a monthly time-step 
and divides the nitrogen in the ley residues into fast, medium and slow mineralisation rate fractions, 
based on the carbon:nitrogen ratio of the residue. In the FBC model, mineralisation of the fast and 
slow fractions proceeds as zero-order reactions, whereas that of the medium fraction is calculated 
as a fi rst-order reaction. All reaction rates are temperature-dependent. The mineralised nitrogen 
from these fractions plus any mineral nitrogen carried over from the previous month provides an 
estimate of how much soil nitrogen is available for plant growth that month. 

Crop growth, nitrogen uptake and losses
A simple crop growth model calculates the potential biomass production during the month, based 

on climate (temperature, solar radiation and soil moisture) and the defi ned growth parameters for the 
particular crop. The model then compares the nitrogen required for this amount of growth with the 
nitrogen available in the soil. If the soil nitrogen is less than this requirement, growth and nitrogen 
uptake are limited by the available nitrogen supply. If the soil nitrogen is equal to or greater than 
the crop requirement, growth and uptake are allowed to proceed at the potential rate. Any mineral 
nitrogen remaining in the soil after crop uptake is available for leaching or denitrifi cation. Leaching 
occurs whenever the soil is saturated and rainfall exceeds evaporation. The hydrologically effective 
rainfall transports a proportion of the mineral nitrogen between successive 5-cm soil layers, the 
fraction that is mobile being determined by soil type. It is not possible to simulate denitrifi cation 
satisfactorily using a monthly time-step as in the FBC model; however, denitrifi cation can account 
for signifi cant quantities of nitrogen and it is important that the model should provide the user 
with some indication of the scale of this loss. An estimate is obtained by assuming a potential 
denitrifi cation rate for each soil type whenever the soil is fully saturated with water, which is then 
adjusted on the basis of soil mineral nitrogen content and temperature. Any mineral nitrogen that 
is not taken up by the crop or lost is carried over to the available nitrogen supply for the following 
month.

Growth continues in monthly time-steps until senescence or harvest, with the growth each month 
being determined by the soil mineral nitrogen supply, up to a maximum defi ned for each crop. Thus 
the fi nal crop yield is determined by the nitrogen supply throughout the growth period. At harvest, 
crop nitrogen is partitioned between nitrogen removed in the harvested crop and that remaining 
in roots and stubble. Straw or other crop residues are either removed or returned to the soil. The 
crop components remaining after harvest form a fresh residue pool that is again divided into fast, 
medium and slow mineralisation rate fractions in the same way as for the ley residue. These then 
contribute to mineralisation in subsequent months. 

If a grain legume, such as peas or beans, is grown during the arable phase, the model allows for 
a proportion of the crop nitrogen demand to be satisfi ed by biological fi xation. Whether growth 
proceeds at the potential or at a reduced rate is determined by the soil’s ability to satisfy the 
remaining nitrogen requirement after subtracting the portion supplied by fi xation. The proportion 
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derived from fi xation is inversely related to the soil mineral nitrogen content (Korsaeth & Eltun, 
2000).  If weeds are present, they compete with the crop for the available soil nitrogen. Where 
manures are applied, the nitrogen content is divided between an immediately available mineral 
fraction and fast, medium and slow mineralisation fractions. Some of the immediately available 
nitrogen is assumed to be lost by ammonia volatilisation, the proportion being determined by the 
time between application and incorporation of the manure. 

Running the model
All the input data required to run the model are entered on a single screen. These inputs are 

listed in Table 1. In the fi rst section, the user describes the UK region and soil type. The climatic 
conditions used by the model are set by the choice of region, except that annual rainfall can be 
entered as a specifi c value for the site. 

Table 1. Input data required to run the FBC model

Inputs Example

Description of site and soil type
UK region e.g. Midlands, SW England/S Wales

Annual rainfall (optional, otherwise uses regional value)

Dominant soil type e.g. sand, clay loam

Description of the ley
Type of ley e.g. white clover, red clover/grass

Age of ley 1, 2, 3, 4 or more years

Proportion of legume low, medium or high

Management cut, grazed or mulched

Number of cuts per year none to 3+

Manure applied to the ley? none, some years or every year

Previous cropping long-term grass, arable or ley-arable

Date of incorporation of the ley day/month/year

Description of arable crops
Crop name e.g. winter wheat, potatoes, cover crop

Sowing date day/month/year

Harvest date day/month/year

Expected yield in tonnes ha-1 (optional)

Proportion of weeds in crop low, medium or high

Straw/residue removed at harvest? yes or no

Description of manure applications
Type of manure e.g. cattle slurry, old farmyard manure

Application rate in tonnes ha-1

Application date day/month/year

Delay to incorporation e.g. less than 6 hours, 3-6 days

The second section requests details of the type of ley and how it is managed. This includes 
information about the proportion of legume in the ley but because commercial growers are unlikely 
to have more detailed information, the content is simply described as low, medium or high (< 20, 
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20–50 and > 50%, respectively, as estimated from a visual assessment). Similarly, farmers are not 
usually able to quantify production from the ley, particularly where cut or mulched. Quantities 
of sward residues under cutting, grazing or mulching are therefore estimated from the legume 
content. If the ley is cut and grazed, the user supplies information about the number of cuts, which 
determines the weighting between purely cut and purely grazed.

The third section requests information about the arable phase of the rotation. This allows for up to 
two crops to be grown each year and up to two manure applications per year. The model currently 
provides a choice of 24 crops but others can be added, provided that the necessary information is 
available to satisfactorily describe crop growth within the model.

Output from the model is presented as in Table 2, showing the potential nitrogen uptake for each 
crop if nitrogen supply were non-limiting; the actual nitrogen uptake achieved with the planned 
rotation; and the crop yield corresponding to this uptake. The Table also shows the annual losses 
by leaching and denitrifi cation. Additional information is provided as two graphs showing; (i) the 
amounts of nitrogen mineralised each month from soil organic matter, ley and crop residues and 
from manures, and (ii) the monthly values of soil mineral nitrogen content, nitrogen uptake by 
each crop and losses by leaching and denitrifi cation.

Table 2. Example of output from the FBC model for the arable cropping phase of a rotation on a 
medium soil following a grass/red clover ley cultivated in autumn of Year 1

Year
Crop sown 

in years 
1 - 4

Potential 
crop N 

(kg ha-1)

Crop N 
achieved
(kg ha-1)

Harvested 
yield

(t ha-1)

Leaching 
loss

(kg N ha-1)

Denitrifi cation
loss

(kg N ha-1)

1 Winter wheat 154 130 5.2 40 10

2
(1) Cover crop

(2) Spring barley
30
161

30
117

0.0
4.7 30 12

3 Winter oats 170 116 4.5 19 7

4 Winter beans 205 205 2.8 22 10

Conclusions

  The current version of the model produces realistic simulations of yields and losses for a range 
of rotations and conditions but it has not yet been fully validated. It has been well received at 
farmers’ meetings and suggested improvements from earlier meetings have been incorporated into 
later versions of the model. 
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The effects of organic farming on the soil physical environment 

By A PAPADOPOULOS1, N R A BIRD2, A P WHITMORE2 & S J MOONEY1

1Environmental Sciences, School of Biosciences, University of Nottingham, University Park, 
Nottingham, NG7 2RD, UK

2Agriculture and the Environment Division (AEN), Rothamsted Research, Harpenden, 
Hertfordshire, AL5 2JQ, UK

Summary

The aim of this research was to investigate the effects of organic farming 
practices on the development of soil physical properties, and in particular, 
soil structure in comparison with conventional agricultural management. The 
soil structure of organically and conventionally managed soils at one site was 
compared in a quantitative manner at different scales of observations using image 
analysis. Key soil physical and chemical properties were measured as well as 
the pore fractal geometry to characterise pore roughness. Organically managed 
soils had higher organic matter content and provided a more stable soil structure 
than conventionally managed soils. The higher porosity (%) at the macroscale in 
soil under conventional management was due to fewer larger pores while meso- 
and microscale porosity was found to be greater under organic management. 
Organically managed soils typically provided spatially well distributed pores of all 
sizes and of greater roughness compared to those under conventional management. 
These variations in the soil physical environment are likely to impact signifi cantly 
on the performance of these soils for a number of key processes such as crop 
establishment and water availability. 

Key Words: Soil structure, Image analysis, Organic management, Multiscale 
approach

Introduction

Soil structure is one of the most important properties infl uencing physical, chemical and biological 
processes within soils because it determines the accessibility of air, water and nutrients as well 
as drainage of the soil and its resistance to erosion, seedling emergence and root penetration 
(Gerhardt, 1997). Furthermore, soil structure is a property which can be greatly affected, and 
hence also manipulated, by agricultural management practices. The threat of soil deterioration is 
of particular concern since if structure is lost it is not easily repaired. The literature suggests that 
organic management contributes to the creation of an ̈ enhanced¨ soil structure for crop production 
(Reganold, 1995; Papadopoulos et al., 2006). Organic farming practices have been associated 
with improved soil properties through a number of considerations including the addition of soil 
organic matter, increased earthworm population, biodiversity, soil fertility etc. This supports the 
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view that there is greater potential for soil structural improvement in organically managed soils 
than conventionally managed (Shepherd et al., 2002, Pulleman et al., 2004). 

Most previous work has made direct comparisons between organic/biodynamic and non-organically 
managed soils in a descriptive, qualitative manner, but a dynamic, quantitative approach should 
result in more useful data. The present study aims to quantify differences in soil structure between 
organic and conventional soil management and extend the understanding of the infl uences of these 
farming systems in the development of soil structure at different scales of observation. In order to 
achieve this, soils were studied at different spatial resolutions using digital processing techniques 
on images obtained from X-ray Computed Tomography (CT), impregnated and polished soil blocks 
and soil thin sections. An understanding of how soil structure is affected by the various farming 
practices and which processes relate specifi cally to structural development is likely to promote a 
more sustainable land management.

Materials and Methods

Two organic (organically managed for three years) and two conventional fi elds from the same 
soil type (silt clay loam) were selected from ADAS High Mowthorpe, Pickering, North Yorkshire 
in order to quantitatively describe soil structure. The organic rotation consisted of wheat, barley 
and grass with clover while the conventional consisted of wheat, barley and beans. For each fi eld, 
three undisturbed (384 cm3) and three disturbed soil samples were collected from 0–15 cm and 
15–30 cm soil depths. The saturated hydraulic conductivity (Ksat), soil aggregate stability and 
soil organic matter (SOM) content were measured as described in detail by Rowell (1994), Le 
Bissonnais (1996) and the British Standard Methods (1990) respectively. The soil sampling period 
was selected very carefully in order to make the comparison between the two farming systems 
feasible and avoiding possible infl uences of the results by the existence of live crop roots. As such, 
sampling took place four weeks after sowing. 

X-ray CT was used for the detection of pores at the macroscale (pores ≥ 750 μm) using a medical 
scanner (Phillips MX8000 IDT). The time of scanning was 5 minutes for every16 samples at 140 
kV and 201 mAs with 0.8 mm distance between each incision. 41 images of size 60 × 60 pixels 
were acquired from each soil sample and analysed using image analysis. 

Crystic resin was used for the impregnation of the undisturbed soil samples. When the resin was 
cured, soil samples were then cut using a diamond saw and each surface was polished. Images of 
760 × 970 pixels from the surface of the polished soil blocks were taken using a digital camera 
(Olympus C3030) and analysed using image analysis for the observation of pores ≥ 70 μm. 

Soil thin sections were prepared for the detection of pores ≥ 7 μm following the method described 
by Fitzpatrick (1980). A cross polarising microscope was used for the acquisition of digital images. 
Eight images of size 1280 × 1024 pixels were obtained from each soil depth for image analysis. 

Image analysis was applied to images obtained from all scales of observation using the program 
AnalySIS® (v. 3.0, Soft Imaging Systems (SIS) Germany). Measurements included pore sizes, 
perimeter and circularity. Fractal geometry has been considered an appropriate tool to characterise 
the rough and irregular pore boundaries typically observed in soil thins sections (e.g. Kampichler 
and Hauser, 1993). The analysis is based on the scaling relationship between perimeter (P) and 
area (A) that arises when a family of similarly shapes objects with fractal perimeters occurs. For 
conventional objects with smooth perimeters the following relation holds

                                         (1)

but for fractal perimeters this is replaced by 

                                               (2)
where D is the perimeter fractal dimension and satisfi es . As D increases the perimeter 

becomes rougher and more complex. The fractal dimension is extracted from a linear regression 
on a log-log plot of P against A. The slope is equal to D/2. 
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Results

The results of the soil physical quality measurements (Table 1) illustrate that there was no 
difference in total porosity (derived by bulk density) (%) between the two managements while the 
organically managed soils had higher saturated hydraulic conductivity and organic matter (%) and 
produced more stable soil aggregates with signifi cantly higher organic matter (%) than that under 
conventional management (P < 0.05).  

Table 1. Soil physical quality and image analysis results for all scales of observation of organic 
and conventional management at different soil depths (± standard error of means) 

Organic Conventional

Total porosity (%)1 66.9 ±3.2 70.5 ±8

Sat. Hydraulic Conductivity (cm s-1) 0.12 ±0.02 0.08 ±0.01

Soil Organic Matter (%) 9.3 ±0.4 4.4 ±1.7

Soil Aggregate Stability Stable Unstable

Soil Depth (cm) 0 – 15 15 – 30 0 – 15 15 – 30

Macro-scale (750 μm)

Macroporosity (%) 37.3 ±2.5 28.0 ±5.1 43.4 ±12.2 31.3 ±5.0

Average Pore Size (mm2) 3.92 ±1.2 2.58 ±0.6 4.88 ±0.9 4.37 ±0.2

Pore Roughness 1.52 ±0.05 1.57 ±0.01 1.47 ±0.03 1.48 ±0.01

Meso-scale (70 μm)

Mesoporosity (%) 23.02 ±1.9 16.43 ±3.0 15.45 ±2.4 13.14 ±2.6

Average Pore Size (mm2) 0.21 ±0.08 0.14 ±0.05 0.22 ±0.03 0.14 ±0.02

Pore Roughness 1.46 ±0.05 1.40 ±0.02 1.34 ±0.02 1.35 ±0.01

Micro-scale (7 μm)

Microporosity (%) 21.73 ±2.4 16.63 ±2.1 15.91 ±3.5 13.64 ±1.3

Average Pore Size (mm2) 0.004 ±7x10-4 0.003 ±6x10-4 0.003 ±4x10-4 0.002 ±2x10-4

Pore Roughness 1.37 ±0.03 1.34 ±0.01 1.27 ±0.02 1.25 ±0.02
1 Derived from soil Bulk Density 

0

1

2

3

4

5

6

7

8

9

-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3
2

P
o

re
 a

re
a 

as
 a

 p
er

ce
n

ta
g

e 
o

f 
th

e 
im

ag
e 

ar
ea

 (
%

)

Organic - Total porosity 36.7 %

Conventional - Total porosity 38.8 %

Log
10

 (pore size mm2)

Fig. 1. Pore size distribution of organic and conventional soils from all scales of observation averaged for 
both soil depths derived from image analysis.
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Fig. 2. Images representing soil structure of organically and conventionally managed soils for the different 
scales at both soil depths 

Image analysis measurements at the macroscale demonstrated that conventionally managed soils 
had higher macroporosity (%) than that of the organic at both soil depths although the porosity 
of the latter consisted of smaller pores as indicated from the average pore size (mm2) (Table 1) 
and the pore size distribution (PSD) (Fig. 1). At the mesoscale, the porosity was greater under 
organic management at both soil depths with no differences in average pore size (mm2). The soils 
under organic management also had greater porosity at the microscale at both soil depths which 
consisted of larger pores than those under conventional management as suggested by the average 
pore size (mm2) and PSD. Rougher pores were developed under organic management at all scales 
of observation and at both soil depths. Fig. 2 illustrates visual differences for representative images 
of soil structure of organically and conventionally managed soils at both soil depths. 

Discussion

Soils under organic management had higher SOM content and provided more stable soil aggregates 
than those of the conventionally managed soils. Comparison in terms of porosity revealed that 
organic soils had greater porosity at the meso- and microscale comprised of smaller pores than 
at the conventional and less porosity at the macroscale due to few large pores observed under 
conventional management. The more even distribution of pore sizes and spatial arrangement from 
visual observations under organic management suggests that a more developed pore network exists 
under organic management which is supported by the greater value of Ksat. The soil aggregate 
stability measured by slaking also suggests that the pore networks under organic management 
provide a more stable soil structure. Rougher pores observed under organic management should 
impact benefi cially on soil physical properties such as water fl ow and water holding capacity. 
Rougher pore surfaces also provide habitat space for soil micro-organisms. A comprehensive 
understanding of the effects of the two management systems on soil structure is vital for sustainable 
land management. 
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Summary

Optimising the amount of nitrogen captured by fertility building crops is essential 
for successful organic farming. This study used a combination of literature review, 
empirical measurements, model development and farmer participation to produce 
improved guidelines on making the most of soil nitrogen for organic farmers and 
growers. The main fi eld experiment examined the impact of cutting and mulching 
on the build up of soil nitrogen. Recommendations to organic farmers from 
this part of the work, are that cutting and removing herbage during the fertility 
building phase promotes the highest amount of nitrogen fi xation. However the 
highest soil residues occurred when clover was mulched in situ. Application of 
organic manures to legumes should also be avoided if the maximum amount 
of atmospheric N is to be fi xed.  The fi ndings from the study have been made 
available in a Guidelines Booklet.

Key words: Organic farming, soil fertility, rotations and livestock manures

Introduction

Fertility building crops are a key component of organic rotations (Berry et al., 2002) where they 
help to provide nitrogen required for optimal crop performance. It is important that rotations and 
managements are planned which optimise the capture and use of this nitrogen. Some estimates 
were available of the nitrogen production from fertility building crops, but there was a need to 
produce a more comprehensive assessment of likely nitrogen fi xation, release and availability 
under different circumstances. Thus the overall aim of the study was to provide guidelines to enable 
organic farmers to better estimate the nitrogen supply to a rotation following fertility building 
crops. This was done by a mix of literature review, empirical measurements, model development 
and farmer participation.
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Materials and Methods

The study was split into a number of interlinked work-strands. The literature review (Cuttle et 
al., 2003) was an essential fi rst activity as it helped to guide the experimental programme (in terms 
of focus, techniques and approaches), avoided unnecessary replication of experimental work and 
provided an immediate synthesis of available information for the Industry. Over 1000 references 
were assessed to produce a summary of the current state of knowledge in the following topic areas: 
nitrogen buildup, release and availability, crops, pests, diseases and rotational issues.

The main fi eld experiment (Hatch et al., 2006) was designed to examine the effect of soil-N 
status on the quantity of N fi xed and the impact on N-fi xation of returning plant residues to the 
growing crop in cutting/mulching managements. The original project was subsequently extended 
to include measurements of the amount of N released following destruction of these legume 
management plots. 

Results

The legume management data showed that, in terms of fi xation, maximum N yield (as measured 
by N offtake) occurred in the mulched grass/clover sward. But, using the measured data, separate 
estimates for the effect of mulching on N fi xation showed that mulching caused a reduction of 
between 9 and 61 kg ha-1 N. In the presence of farmyard manure (FYM) there appears to have been 
an interaction with mulching which was suffi cient to depress N fi xation by an amount roughly equal 
to the amount of N gained from the FYM amendment. Availability of fi xed N is also important 
and the amount of N released following destruction of the experimental swards was assessed by 
measuring the uptake of nitrogen in the following ryegrass crop. Irrespective of management 
history, N offtake was higher at the fi rst cut where there had been a history of FYM applications. 
In contrast to the fi rst cut, there was a greater offtake at the second cut following mulched grass 
compared with mulched clover, suggesting that mineralisation of the grass residues may have been 
slower than those of the grass/clover. 

Discussion

The results of this study are of value to the organic producer, providing a better understanding 
of nitrogen accumulation under fertility building crops and its subsequent release. The main fi eld 
experiment provided information on the impact of soil nitrogen on fi xation in a mixed grass/red 
clover sward. This, together with information from on-farm monitoring on release of nitrogen 
from fertility building crops was incorporated into the fi nal Guidelines Booklet as well as the FBC 
model (Cuttle, 2006).
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Farmyard manure, plant based organic fertilisers, inorganic 
fertiliser - which sustains soil organic matter best?

By J RAUPP & M OLTMANNS

Institute for Biodynamic Research, Brandschneise 5, D-64295 Darmstadt, Germany

Summary

Legume biomass or pulse meal may be considered as alternatives to farmyard 
manure (FYM) in organic farms with small scale animal husbandry or in stockless 
organic farms. From 1996 a fi eld trial was established on a poor sandy soil to 
compare plant based organic fertilisers, FYM and inorganic fertilisers, each 
applied at 100 kg ha-1 N. Additionally, FYM was tested at a higher rate of 170 kg 
ha-1 N. Average soil organic carbon content in topsoil (C

org
) of the last crop rotation 

period (2002-05) is compared to that in 1996. C
org

 remained at the same level of 
0.78% only with FYM, while plant based and inorganic fertiliser decreased carbon 
contents to 0.74 and 0.72% C

org
, respectively. The higher FYM rate increased C

org
 

up to 0.84%. Based on these results, for soil organic matter maintenance, plant 
based organic fertilisers can not be recommended generally.

Key words: Soil organic carbon, faba bean meal, organic fertiliser, inorganic 
fertiliser, long-term experiment, biodynamic preparations

Introduction

In organic farms under low yielding site conditions (e.g. sandy soils, dry climate) the scale of 
animal husbandry is frequently restricted by the fact that the site conditions allow only for a limited 
area and yield of forage growing. Some of those farms are even stockless farms. The positive 
effects of farmyard manure (FYM) are not available (or only to a limited extent) on such farms. 
Plant based organic fertilisers, e.g. legume biomass or pulse meal, can be regarded as alternatives 
which have been studied until now mainly for their infl uence on nutrient supply to vegetable crops 
(Müller et al, 2003; Rührer et al., 2003). While the positive effects of FYM on soil life and fertility 
parameters have been shown by a number of investigations (Fliessbach & Mäder, 2000; Jenkinson 
et al., 1994; Raupp et al., 2006), no comparable information was available for plant based organic 
fertilisers in order to evaluate their long-term effect on soil fertility.

Thus, in 1996 a fi eld trial was started on a low yielding sandy soil under dry-warm climatic 
conditions to investigate the effects of both fertiliser types on crop yield and quality and on soil 
properties. In this paper, the organic carbon development in the fi rst nine years of the experiment 
is reported.
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Materials and Methods

The fi eld experiment was located near Darmstadt (49°N, 8°E) on a sandy orthic luvisol. The annual 
mean air temperature was 9.5°C, and the annual mean precipitation was 590 mm. The experiment 
contained seven treatments (Table 1) arranged in a randomised block design with six replicates. 
The plant based organic fertilisers were Maltafl or® (a commercial organic fertiliser containing 
residues of barley malt and sugar beet processing) in 1997–2000, dried alfalfa meal in 2001–2002 
and faba bean meal since 2004.

The crop rotation usually was legume, spring wheat, potatoes, winter rye. The legume crop 
remained unfertilised in all treatments. The fertilisers were applied before sowing or planting. 
Inorganic fertilisers were applied in early spring only to winter rye. In the biodynamic treat ments 
the biodynamic (bd) manure preparations were added once to both organic fertilisers, and the fi eld 
preparations were used three times at each stage of cultivations (Koepf, 1981). Cultivation techniques 
were the same in all treatments and corresponded to normal organic farming practices. Straw of the 
FYM plots was removed from the fi eld (as FYM provided straw input), but remained on the fi eld 
in the inorganic treatment. Irrigation was used normally on legumes, spring wheat and potatoes, 
but only in relatively small quantities (20–80 mm per year) because of technical reasons. Previous 
cropping on this fi eld was according to organic farming practice, but at very low intensity.

In spring 1996, before treatment application, and in each year after harvest soil samples were 
taken from the topsoil (0–25 cm). Organic carbon (C

org
) was determined as total C (Dumas) 

minus inorganic C (Scheibler). Where applicable, analyses of variance have been calculated with 
PLABSTAT (H.F. Utz, Univ. of Hohenheim, Germany). Least signifi cant differences between 
means were calculated for a 5% probability.

Table 1. Treatments and nitrogen amounts (kg ha-1) applied with each fertiliser 

Treatment kg ha-1 N Acronym

Composted manure, normal rate 100 CM1

Composted manure + biodynamic preparations, normal 
rate

100 CMBD1

Plant based fertiliser, normal rate 100 PF

Plant based fertiliser + biodynamic preparations, normal 
rate

100 PFBD

Composted manure, high rate 170 CM2

Composted manure , + biodynamic preparations, high 
rate

170 CMBD2

Inorganic: calcium ammonium nitrate, super phosphate, 
potassium, magnesium

100 IN

Results

 At the beginning of the experiment, there were no signifi cant differences in organic carbon 
content amongst the plots of the different treatments. On average, the soil started at a level of 0.78% 
C

org
. During the fi rst trial years until 2000/01, the values of all treatments showed a tendency to 

decrease (Fig. 1). Starting in 2001 the treatments began to differ which obviously continued until  
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Fig. 1. Organic carbon content (%) in topsoil; see Table 1 for treatment acronyms; treat ments with different 
letters are statistically different on average for the period 2002-05 (P < 0.05).

now. A new steady state seemed not yet achieved. Based on the average of the last crop rotation 
(2002–05) the lowest C

org
 contents were with inorganic fertiliser (0.72%) and plant based fertiliser 

(0.74%). With FYM the values were signifi cantly higher (0.78 %; P < 0.05) and were the same as 
at the beginning of the trial. The increased rate of FYM gave the highest values, 0.84% on average. 
The only effect of the biodynamic preparations was a slight decrease of C

org
 with the high FYM 

rate.

Discussion

The results underline the signifi cance of FYM in long-term maintenance of soil organic matter. 
Compared to inorganic fertilisation or to conventional systems, this fi nding is in line with a number 
of other experiments (e.g. Agbenin & Goladi, 1997; Hepperly et al., 2006). From long-term trials in 
Northern Europe it was reported that the initial soil carbon content, carbon inputs and site conditions 
determined whether carbon stocks declined or increased (Kätterer & Andrén, 1999). The carbon 
input supplied by plant based fertilisers was obviously not enough (or not effective enough) to 
maintain soil organic matter content over years. This was probably not, or not primarily, a matter 
of the quantity of the organic carbon input. The reason may also be its quality (apart from C:N 
ratio which was the same in both treatments), as in another long-term trial on our site two FYM 
treatments with comparable amounts of carbon input developed a signifi cantly different C

org
 content 

(Raupp, 2001). It was impossible, however, to describe quality in this context in more detail.
In addition to organic carbon, further soil biological parameters have to be studied in order to 

provide an overall view of the effectiveness of plant based fertilisers for accumulating carbon. For 
example the infl uence of straight household waste compost application for several years on some 
microbial parameters and on the macro fauna has been investigated (Pfotzer, 1997). In this study, 
the effects of household waste compost and FYM were comparable.
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Aspects of phosphorus fertilisation in organic farming
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Summary

Balanced fertilisation is essential for a considerate use of limited phosphorus 
(P) resources and for sustainability in organic farming. Plant available soil P 
levels will decrease and soil fertility will diminish when using P sources with 
limited P availability such as rock phosphates, bone and bone meals. An in 
situ digestion with a combination product of elemental S and rock phosphate 
enhanced signifi cantly the solubility of non water-soluble P sources. In addition 
to the problem of insuffi cient solubility, mineral P sources can be contaminated 
with toxic heavy metals such as Cd (0.1–92.3 mg kg-1) and U (<LLD - 481 mg 
kg-1) from their source. Farmyard manure and slurry may contain up to 953/727 
and 376/132 mg kg-1 Zn and Cu, respectively.

Key words: heavy metals, manure, mineral fertiliser, slurry, sustainability, 
uranium 

Introduction

Phosphorus (P) is the fi rst non-renewable resource which will be in short supply in about 50 to 
100 years. The premise for a sustainable P use in agriculture is a balanced P fertilisation where 
inputs equal outputs. Organic farming conforms to this by closed nutrient cycles. This is, however, 
not suffi cient unless the solubility of poorly soluble P sources is signifi cantly improved. Otherwise 
P will be deposited as non-accessible forms for plants in soils and there may even be an increase 
in the availability to plants of heavy metals in soils, for instance U (Schick, 2006). Only water 
soluble P has an apparent recovery of fertiliser P of ~100% in fertile soils. P is mainly taken up by 
plants as orthophosphate from the soil solution (Barber, 1980). Although up to 60% of the total P 
in soils may be in the organic pool, the inorganic fraction is, however, of greater relevance for P 
supply. For P fertilisation in organic farming, guano, farmyard manure, bone meal, wood ashes, 
calcinated aluminium phosphate rock, basic slag and soft fi ne-ground rock phosphates may be used 
(EU directive 76/116/EEC). The P

2
O

5
 content of the latter needs to be at least 25% of which ≥ 55% 

must be soluble in 2% formic acid. A disadvantage of such material is that it will not dissolve within 
reasonable time in the soil and therefore will not take part in the site-specifi c P dynamics. This 
implies that the exclusive use of poorly soluble P forms for balanced fertilisation on organic farms 
will diminish soil fertility in the long term because of a depletion of plant available P reserves in the 
soil (Schnug et al., 2003). An in situ digestion catalysed by microbial activity after the application 
of granulated formulations of elemental sulphur (S) and poorly soluble calcium phosphates might 
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offer a solution to the problem.  
The heavy metal content of rock phosphates varies highly in relation to their origin. So far, for 

organic farming, only the Cd content of rock phosphates is limited EU-wide to 90 mg Cd kg-1 P
2
O

5
 

(EU directive 76/116/EEC). In contrast, the corresponding value defi ned in the German Fertiliser 
Ordinance is only 50 mg Cd kg-1 P

2
O

5
. While investigations focused on Cd in the past, it could be 

shown that rock phosphates can be contaminated with U, a highly toxic heavy metal and radioactive 
element. The chemical toxicity of U ranges between that of Hg and Ni. Few data exist on the extent 
of heavy metal contamination of farmyard manure and slurry of organic origin.

It is the aim of this contribution, fi rstly, to evaluate the potential capacity of an in situ digestion 
to increase the solubility of rock phosphates and secondly, to provide an overview of the heavy 
metal contamination of organic and mineral P fertilisers approved for organic farming.

Materials and Methods

For the incubation experiment, topsoil material (0–10 cm) of a dystric Cambisol/orthic Luvisol 
was used which was air-dried and passed through a 2-mm sieve. A commercial elemental S (S°) 
fertiliser (90% S°; 10% swelling clay) and a compound material of S° and rock phosphate (S°+RP) 
in a ratio of 60:40 (17% P

2
O

5
; 54% S°) were tested in relation to the inoculation with thiobacilli. 

The fertiliser materials were applied at rates equivalent to 13.5 g S° kg-1 soil. 20g soil were placed 
in 120-mL polyethylene-bottles and S° (0.3 g) and S°+RP (0.5 g) fertiliser granules were added. 
The soil moisture content was maintained at 65% fi eld capacity and samples were regularly aerated. 
The incubation temperature was 23.8°C. Samples were incubated for 12 weeks in total. On each 
of the seven sampling dates, three replicates of each treatment were taken for chemical analysis. 
The water-soluble P content in the soil samples was determined colorimetrically. Soil pH was 
determined potentiometrically in 0.01 M CaCl

2
. In the incubation experiment, transformation and 

mobilisation processes were followed up by the measurement of soil pH, plant available sulphate 
and water-soluble P concentrations in the soil. A detailed description of the experimental design 
is given by Fan et al. (2003).

Organic and mineral fertilisers were digested in a mixture of 2.5g soil to 25 mL of aqua regia 
according to (DIN  EN 13346). For the analytical determination of heavy metals (Cu, Zn, Cd, 
Pb, Ni, Cr, U) Inductively Coupled Plasma-Quadrupole Mass Spectrometry, for P Inductively 
Coupled Plasma-Optical Emission Spectrometry  was employed. The origin of the mineral and the 
regional provenance of the organic fertilisers were specifi ed by Kratz et al. (2006). These data were 
complemented by available literature values. Aggregated weighted mean values were calculated 
to allow adequate comparison of different sample sizes.

Results

During incubation the control samples with and without inoculation showed only little changes in 
soil pH. In inoculated soils the application of S° and S°+RP decreased the pH rapidly from about 7.3 
to 3.2 after 12 weeks. This reduction was much slower without previous inoculation. The change 
in soil pH refl ected differences in the S° oxidation rate between S° and S°+RP fertiliser materials. 
For fast oxidation, inoculation proved to be essential. A maximum oxidation rate of inoculated 
S°+RP of about 16% was determined compared to 13% for S°. The reason for the deviating values 
could be differences in physical-chemical characteristics of the two fertiliser products. A close 
relationship was found between changes in soil pH and SO

4
-S concentrations. The differences after 

incubation in the water-soluble P content between inoculated and non inoculated control samples, 
S° and non inoculated S°+RP treatments were minor and about 5 µg P g-1 soil. However, in the 
inoculated S°+RP treatment the P concentration increased signifi cantly during incubation (Fig. 1). S° 
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application yielded a mean P concentration of 69.2 µg g-1, determined after 12 weeks. This effi cient 
mobilisation of non-water soluble P was enabled by the close vicinity of S° and rock phosphate in 
the compound fertiliser material. The results further revealed that inoculation with thiobacilli is 
necessary for fast oxidation of S° on soils which have never received S° dressings before.

P fertiliser materials may contain highly varying amounts of heavy metals (Table 1). Sedimentary 
rock phosphate showed particularly high concentrations of Cd and Hg. The mean U content of 
mineral P sources varied between 50.2 and 81.1 mg kg-1, however extreme values of up to 481 mg 
kg-1 U were found.

Calcinated aluminium phosphate rock and basic slag had elevated Cr, Ni, Pb and Zn contents. 
Farmyard manure and slurry from organic farms had high concentrations of Zn and Cu; in some 
cases also As and Cr. 

Fig. 1. Changes in the water soluble P content over time in relation to inoculation with thiobacilli after 
application of S°+RP fertiliser material. 

Discussion

The solubility of rock phosphates and bone meals needs to be improved signifi cantly for sustainable 
use in organic farming otherwise these P sources remain unavailable for plants infi nitely. The use 
of rock phosphates might even enhance an undesired uptake of heavy metals as Schick (2006) 
showed for U. In this study, the solubility of the P fertiliser was negatively associated with available 
U contents in soils. Our data reveal that the contamination of farmyard manure and slurry with 
heavy metals can be signifi cant and input and output should be balanced in order to avoid an 
increased uptake by plants. The use of feed additives containing Cu and Zn should be controlled 
and regulated if required. Weighted mean values for all crops for the off-take (g ha-1 yr-1) of heavy 
metals by crops according to Kratz & Schnug (2005) are: 0.75 (Cd), 11 (Cr), 37 (Cu), 0.15 (Hg), 
9 (Ni), 11 (Pb) and 260 (Zn). Assuming that yield levels are 30% lower in organic farming, the 

µ
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heavy metal and P off-take needs to be adjusted accordingly. For balanced P fertilisation a rate of 
about 35 kg ha-1 P

2
O

5
 would be required. This would result in an input that is lower than the off-

take for: Cd in magmatic rock phosphate, pig and chicken manure; Cr in magmatic rock phosphate 
and Guano; Cu, Zn and Pb in all mineral P sources and Guano; Ni in rock phosphates (Table 1). In 
all other cases the input would exceed the off-take. These calculations for farmyard manure and 
slurry would, however, only apply if organic farms have at least a stocking density of 1 livestock 

Table 1. Means and ranges for heavy metal concentrations in approved P fertilisers for organic 
farming (data include literature values given by Kratz et al., 2006).

Fertiliser 1 n P Zn Cu As Cd Cr Hg Ni Pb Tl U

(%) (mg kg -1)

Calcinated 
Al P rock

4
7.6

(7.6-7.7)
221

(17.8-475)
26.7

(7-55)
no data

2.8
(0.86-3.9)

781
(165-
1070)

no data
176

(16.4-360)
23.9

(1.8-84)
no data no data

Basic slag 2 no data
132

(34.2-229)
14.8

(3.1-26.5)
no data

1.6
(0.1-3.1)

742
(493-990)

4.8
(0.78-8.8)

8.1
(3.3-12.9)

132
(34.2-229)

no data no data 

Soft RP2 2 11.9
176

(167-184)
10.7

(9.7-11.8)

11.7
(5.8-19)

(n=6)
5.3

(3.3-7.3)

91.8
(90.5-
93.1)

0.02
21

(18.4-23.7)
12.5

(11.1-13.9)
1.1

(0.48-1.8)

50.2
(8.7-144) 

(n=6)

Sediment.
RP 
(unproces’d)

2-143
10.3

(0.3-17.6)
198

(13.1-576)
19.9

(5-61)
12.3

(3-79)
19.9

(1-92.3)
112

(0.3-637)

295
(<LLD-
4990)

21.3
(1-61)

9.5
(<LLD-

481

3
(0.9-5)

81.1
(<LLD-

481)

Magmatic 
RP 
(unproces’d)

9- 21-4 17.1
(14.4-23.5)

55.8
(6-290)

56.4
(12-130)

72.8
(1-744)

1.6
(0.1-4)

20.7
(1-100)

62.7
(<LLD-

252)

34.9
(2-106)

15.8
(1.5-58) no data

62.4
(7-220)

Wood ash
(coarse ash) 96 1.2

379
(304-522)

164
(119-376)

4 
(n=30) 

2.3
(1-3)

161
(29-326)

0.03
(<LLD3-

0.5)

53.7
(33-64.2)

26.7
(8.3-39.9) no data no data

Guano 1 13.7 210 19.2 7.7 5.8 15.7 no data 11.7 4.1 <LLD 10

Org. cattle 
slurry 

58
0.67

(0.14-2.5)
135

(26.6-330)
25.2

(5.9-82)
1.2

(0.46-8.2)
0.3

(0.04-0.81)
14.1

(0.9-190)
0.04

(0.02-0.12)
8.8

(2.3-80)
5.2

(0.49-34.4)
0.09

(0.03-0.25)
0.35

(0.1-2.8)

Org. pig
slurry 3 0.3

883
(743-953)

191
(183-209) no data

1.1
(0.37-1.5)

9
 (n=1) no data 8.1 (n=1)

13.5
(1.5-19.5)

0.16 
(n=1)

5.6 
(n=1)

Org. cattle 
manure

268
0.46

(0.15-0.95)
91

(24.9-284)
16.1

(3.8-50.5)
0.75

(0.08-9.6)
0.27

(0.05-1.3)
3.9

(1-24.7)
0.05

(0.02-0.59)
4.5

(0.79-22.6)
3.9

(0.57-42.5)
0.05

(0.01-0.17
0.24

(0.03-1.4)

Org. pig 
manure

63
0.93

(0.23-2)
207

(52.5-516)
33.5

(6.7-94)
1.1

(0.12-14)
0.25

(0.09-1.1)
8

(1.3-139)
0.04

(0.02-0.14)
6.7

(0.93-37.2)
7.4

(0.8-78.8)
0.06

(0.01-0.18)
1.1

(0.05-4.6)

Org. chicken 
manure

82
1.3

(0.29-3.2)
411

(50.3-727)
44.4

(9.4-132)
3

(0.58-26)
0.33

(0.13-1.6)
13.7

(1.5-47.7)
0.05

(0.02-0.16)
12.7

(3.1-36.1
11.7

(1.4-127)
0.06

(0.02-0.22)

2.7
(0.19-
11.6)

Org. sheep 
manure

25
0.56

(0.16-0.88)
149

(37.8-573)
14.5

(10.3-23)
0.8

(0.26-2.3)
0.31

(0.08-0.67)
4

(1.5-8.5)
0.04

(0.02-0.1)
4.8

(2.1-9)
4.1

(0.91-12.7)
0.06

(0.03-0.13)
0.28

(0.05-1.1)
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unit. For U, an estimated off-take of about 1 g ha-1 would be met by a similar input only from beef 
slurry and manure.

Conclusion

A sustainable use of P in organic farming requires a substantial improvement of the solubility 
of rock phosphates and bone meals as otherwise this non-renewable resource is deposited in a 
non-accessible form for plants in soils. An in situ digestion with elemental S might contribute 
signifi cantly to realise this target. The use of mineral and organic fertilisers might yield an 
undesired input of heavy metals, which exceeds the off-take by harvest products. A declaration of 
heavy metals in commercial fertiliser products must be regulated legally. Farmers can then avoid 
an accumulation in soils by balancing inputs and outputs. 
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Improving green manure quality with phosphate rocks in Ontario 
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Summary

Phosphate rock (PR) was applied to one conventional and two organic dairy 
fi elds and planted with buckwheat (Fagopyrum esculentum) as a green manure 
crop.  In total, fi ve types of PR were applied at three application rates in order to 
determine the yield, concentration of P in the aboveground tissue and the P uptake 
of buckwheat. It was found that PR of relatively high carbonate substitution and 
small particle diameter could increase buckwheat tissue concentrations to a quality 
such that mineralization of the buckwheat mulch could occur.  Buckwheat mulch 
and residual PR increased soil P fl ux as determined by anion exchange membranes 
in situ in the following spring. This provides evidence that buckwheat of high P 
quality has the potential to supply P to a subsequent crop.  

Keywords: Phosphate rock, Fagopyrum esculentum, green manure, soil 
phosphorus

Introduction

Agricultural soils under long-term organic management can become defi cient in plant-available 
phosphorus (P) over time (Entz et al., 2001). P fertilisation on organic farms depends primarily 
on the on-farm recycling of organic materials, such as compost, green manures (GM), mulches 
and farmyard manures with minimal farm P inputs (Loes & Ogaard, 2001). In an attempt to 
avoid P defi ciencies in growing crops, application of phosphate rock (PR) has been proposed; 
however evidence of their effectiveness in calcareous soils is required before PR use can be widely 
recommended in Canada. Certain plant species exhibit mechanisms localized in the rhizosphere that 
allow for the effi cient use of P through the dissolution of PR. Buckwheat (Fagopyrum esculentum), 
a common cover crop in organic agriculture, has been shown to utilize P from PR even in calcareous 
soils (Zhu et al., 2002). Additionally, it has been found that the P concentration of buckwheat tissue 
can reach luxury levels (beyond 0.5% P) (Bekele et al., 1983). When grown as a green manure 
crop, buckwheat has the potential for supplying P to subsequent crops if the concentration of P in 
the tissue is high enough for mineralization to occur or to decrease P adsorption (Nziguheba et al., 
1998). This fi eld study had two primary objectives: to evaluate the effects of fi ve PR of varying 
mineralogy and origin on yield and aboveground tissue P of a buckwheat crop; and to determine 
if mulching and incorporating the residues from buckwheat grown with PR infl uenced soil P 
availability the following spring.
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Materials and Methods

Phosphate rock characterization and fi eld application
The experiment was conducted on one conventional (CON) and two organic (ORG1 and ORG2) 

dairy farms in Southwestern Ontario, Canada. The fi eld sites were on loam soils of the Podzol order 
and annual rainfall was 960 mm. In order to maximize the potential for PR treatment effects on 
plant growth, fi elds were selected based on low to medium (< 10.0 ppm P) available P (NaHCO

3
-

extractable) levels. Soil pH was 7.5, 7.6 and 6.9 for ORG1, ORG2, and CON, respectively.  
Additionally, fi elds previously cropped in alfalfa were chosen to ensure an adequate supply of N for 
the buckwheat crop. The PRs used in the experiment vary in geological and geographical origin and 
as a result will vary chemically and mineralogically. Table 1 highlights PR characteristics relevant 
to solubility and plant uptake. PR solubility increases with decreased particle size and length of the 
unit-cell a-axis, which indicates an increase in carbonate substitution of the apatite mineral.

Table 1. Selected characteristics of the phosphate rocks 

PR Deposit location Total P Available P a-axis Particle size

(%) (mg P kg rock-1) (Å) (% passing 0.125 mm)

SRPR Ontario, Can.   1.4 0 no data no data

VPR Ontario, Can. 16.8 80 9.3712   8.3

CPR Florida, USA   8.7 100 9.3520 93.0

TPR Tennessee, USA 12.7 118 9.3396 10.3

PPR N. Carolina, USA 10.1 24 9.3234   1.1

At each site, the experiment was arranged as a two factor (P treatment and P application rate) 
randomized complete block design with four replicates. Three PR were applied on the organic fi eld 
sites, while fi ve PR and two soluble fertilizers (MAP and TSP) were applied on the conventional 
fi eld site for comparison. All of the P treatments were applied on ploughed soils at rates of 100, 
400 and 800 kg total P ha-1 in June 2004 and immediately incorporated by rototilling to 10 cm. A 
control treatment with no addition of P was included. 

Buckwheat planting, harvesting and mulching
Buckwheat was sown at 67 kg ha-1, with no additional tillage, within one week following the 

incorporation of the P fertility treatments. Buckwheat biomass yield was determined at approximately 
seven weeks of growth (just prior to seed set) by cutting a 1.10 m × 5 m swath. The fresh biomass 
weight was taken in the fi eld and a subsample (1 kg) was retained, dried (60°C for 48 h) and ground 
(< 1 mm). The tissue P as a percentage of total plant biomass was determined by high temperature 
dry oxidation of the organic matter and dissolution of the ash with 1 M HCl. Total P in the digests 
was determined using atomic absorption. At the time of buckwheat harvest in August, all the 
aboveground buckwheat material (2.7 to 3.0 t DM ha-1) from each plot was returned to half of the 
plot (subplot). This gave subtreatments of unmulched and double rate mulching. The buckwheat 
mulch remained on the soil surface over the winter and was rototilled in spring of 2005. An annual 
ryegrass (Lolium multifl orum) crop was planted after rototilling with no additional tillage; however 
the ryegrass yield and nutrient data will not be presented here.   

Soil sampling and analysis
In spring 2005, the fl ux of soil P (µg 10 cm-2) was determined using anion exchange membranes 

encased in plastic PRSTM probes (Plant Root SimulatorsTM, Western Ag Innovations, Saskatoon, 
SK, Canada). Three probes per subplot were inserted in the soil (0-10 cm depth) prior to tillage, 
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removed and immediately replaced following rototilling of the buckwheat mulch. For time 
management reasons, only organic plots applied with CPR at the 400 and 800 kg P ha-1 rate and 
VPR at the 800 kg P ha-1 rate were analysed as well as the control plots. The fl ux of P was also 
monitored on the control and TSP (800 kg P ha-1 rate) main plots on the conventional site.  The 
probes were removed and replaced with clean probes every two weeks for a total of 8 weeks. The 
P accumulated in the probes was eluted with 0.5 M HCl and analysed using the Murphy-Riley 
method. Tukey-Kramer multiple comparisons test was used to determine differences (P < 0.05) 
between treatment means.

Results

Concentration of P in buckwheat tissue and P uptake due to PR application
P fertility treatments signifi cantly affected buckwheat biomass yield on the conventional site only.  

Mean yields for each farm site were 3.13, 2.79, and 2.81 t DM ha-1 for ORG1, ORG2, and CON, 
respectively. Fig. 1 highlights the response of the P concentration in buckwheat to P treatment 
and rates. VPR and the SRPR were ineffective at increasing buckwheat tissue P concentrations 
compared to the control on any of the farm sites. CPR improved the concentration of P in buckwheat 
tissue by as much as 103% on the ORG2 site compared to the control. Application rate did not 
signifi cantly affect yield on this site (data not shown).  ORG2 had the lowest initial available P (4.8 
mg P kg soil-1), and it was expected that the response to P addition would be the most pronounced. 
The effectiveness of CPR was consistent across both organic farms. On the CON fi eld site, TPR 
and PPR at 800 kg P ha-1 produced similar gains in tissue P concentration as TSP and MAP at 100 
and 400 kg P ha-1. The maximum concentration of P in the buckwheat tissue attained by any PR 
was 0.399% with application of 800 kg P ha-1 of CPR on the CON site. Among organic sites, the 
same treatment (CPR800) also produced the highest buckwheat tissue concentration, 0.347% on 

Fig 1. The concentration of P % in the aboveground buckwheat tissue for CON and ORG1 sites. Bars 
indicate standard errors (n=4 df=18).
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site ORG1.  

Effect of buckwheat mulch and residual PR on spring soil P fl ux
In spring 2005, cumulative soil P fl ux (µg P 10 cm-2), on mulched subplots for treatments CPR 

and TSP applied at 800 kg P ha-1 was signifi cantly greater (8.5 and 95.2, respectively) than the 
control (5.21 µg P 10 cm-2) over 8 weeks. The initial two weeks in May resulted in the largest fl ush 
of P (2.02 µg 10 cm-2), likely due to drought conditions in late May and early June which would 
limit P movement. Both rates of CPR application produced P fl uxes greater than the control in the 
fi rst two weeks of measurement in early May 2005 (Fig. 2). There were no signifi cant differences 
in P fl ux due to PR in subsequent dates apart from CPR at the highest rate in the fi nal two weeks 
(end of June 2005). There was no mulching and PR interaction; however mulching increased the 
average two week soil P fl ux over unmulched plots by 38%.  Available P in the soils was signifi cantly 
increased due to buckwheat mulching in April and June. CPR applied at 800 kg P ha-1 increased 
available P of soils sampled in June by 36% (data not shown).  

Fig. 2. Soil P fl ux (µg P 10cm-2) over each two week period on site ORG 1 as sampled by PRSTM probes. 
There was a signifi cant sampling date, P treatment, and application rate interaction. Similar letters indicate 
no signifi cant difference between treatment means by Tukey-Kramer. Bars indicate standard errors (n=8 
df=87). The arrow indicates the two week period where rototilling and ryegrass planting occurred.  

Discussion

Buckwheat utilised P from CPR even in soils with high pH, suggesting that the limiting factor 
for the use of the PR is not necessarily due to soil or crop factors, but due to the characteristics of 
the rock. The very large grain size limits the use of PPR and TPR in supplying P to plants despite 
the high degree of carbonate substitution in these rocks. Grinding can improve the agronomic 
effectiveness of PR; however the cost to grind the material and the lack of appropriate machinery 
to spread such fi ne material would limit its adoption (Bolland & Gilkes, 1989). Buckwheat was 
able to utilize CPR most effectively due to the combination of the small grain size and relatively 
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high carbonate substitution of the apatite mineral in the PR. Additionally, the large volume of all PR 
applied to the soil likely increased PR contact with the buckwheat roots, increasing the likelihood 
of dissolution by H+ released by the plant.  

The high P concentration of buckwheat tissue resulted in increased fl ux of P in soil of plots 
receiving CPR at the highest rate of application in the year following initial application. The 
concentration of P in the buckwheat was 0.35%, which is above the concentration that Nziguheba 
et al. (1998) found was necessary to decrease P adsorption in high P sorbing soils. In the present 
study, the initial concentration of P in the buckwheat residue explained 74% of the variation in 
cumulative soil P fl ux, while the total amount of P applied in the buckwheat residue could only 
explain 39% of the variation. Pypers et al. (2005) also found that when plant residues of varying P 
contents were added to soil at 45 kg P ha-1, the P concentration of the residue had more effect on P 
availability than the total amount of P added to the soil in the residue. Thus the quality rather than 
the quantity of the residue determines the availability of P from these organic materials.  Based 
on the present soil P fl ux data, buckwheat grown with CPR at high rates of application has the 
potential for supplying P to a subsequent crop. Further study is currently being conducted on the 
response of annual ryegrass to buckwheat mulching and residual PR.   
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Summary

Bracken is a weed species due to its toxic nature and adverse effects on agriculture 
and ecology. This poster reviews research into historical uses for fronds and litter 
harvested as part of organically approved control methods. The use of bracken as 
an over winter mulch reduced losses of nitrogen and potassium from bare soil and 
maintained soil temperatures. Bracken litter was found to be a viable biofuel, with 
a calorifi c value comparable to wood and low ash and alkali metal contents. The 
contents of frond ash were investigated, with high concentrations of potassium found 
giving them a value as organic fertiliser. The addition of frond ash to soil signifi cantly 
increased clover growth and number of nodules. The addition of frond ash to soil 
signifi cantly increased the yield of saleable main crop potatoes. These fi nding have 
shown that bracken has a value especially within organic agriculture.   

Keywords: Bracken, mulch, ash fertiliser, potassium, clover, potatoes

Introduction

Large yields of fronds and litter from the organically approved control methods of cutting bracken 
produces large yields of biomass. Some uses for this biomass have been investigated during Ph.D. 
study at University of Aberdeen, from 2000–2002. This paper summarises the fi ndings form this 
research.   

Uses for Bracken Material

Protective mulch
The use of bracken fronds and litter was investigated on a bare soil over winter. Frond Mulch reduced 

losses of available K by 41 kg ha-1. Litter mulch reduced losses of available N by 11.6 kg ha-1. Litter 
mulch maintained soil temperatures a mean 0.4°C above normal and frond mulch a mean 0.75°C 
above normal. These fi ndings show that bracken is valuable as organic mulch. 

Biofuel
Bracken fronds have been used for centuries as biofuel. This is probably due to the high yields 

obtained of 5-16 tDM ha-1 in Scotland (Donnelly, 2002) and high calorifi c value of 21 GJ t-1 (Callaghan 
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et al., 1981). Bracken does not require planting, the use of herbicides and pesticides, fertilisation 
or weeding. It does not require subsidies, and inhabits land of low value. These fi ndings show that 
bracken litter also has a potential as a biofuel.

The potential of bracken litter was investigated, as one off yields of litter can be as heavy as 101 
tDM ha-1 (Marrs, 1999). The calorifi c value of litter was found to be lower than that of fronds at 19.5 
GJ t-1. The concentrations of moisture and alkali metals were lower than that of the fronds. 

Contents in ash from fronds and litter
Ash produced from the incineration of fronds collected between May and November contained 

between 23.5–41.8% K. The yield of frond ash at Muir of Dinnet peaked in July/August at 469 kg ha-1. 
The estimated value of frond ash as an organic K based soil amendment based on K concentrations 
only was £350–£1200 per tonne. 

Use of frond ash as K fertiliser
The effect of the addition of frond ash to soil on white clover (Trifolium repens) was investigated. 

Yields of clover herbage increased in comparison to the control (no ash added) by 169%, and the 
number of root nodules by 141%. These increases were linked to the K concentrations in the ash and 
to concentrations of calcium and other nutrients. 

The effects of addition of frond and litter ash on organic main crop potatoes (Solanum tuberosum) 
were investigated. Ash was added in accordance with K concentrations and recommendations for 
addition of K for main crop potatoes. Frond ash increased yield of 45–65 mm tubers by 76% compared 
to the control (no ash). The addition of litter ash increased the yield of 45–65 mm tubers by 30%. 
The value of the addition of one tonne of frond ash on potato yields was estimated at £437 t-1. The 
value of the addition of one tonne of litter ash on potato yields was estimated at £236 t-1. Both of these 
experiments show that both bracken frond and litter ash are of value. 

Conclusions

This research has shown that bracken is valuable as mulch. It is also valuable as biofuel, at a time 
when efforts to reduce the effects of global warming are increasing. The by-product ash should also be 
considered more valuable that the biofuel, as it contains high concentrations of K and other valuable 
nutrients. Further large scale trials are required. 
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Summary

  A novel approach to the problem of improving nitrogen supply in organic farming 
is to use intercropping of cereals with a legume to provide nitrogen transfer within 
a season and/or to following crops. The affects of intercropping were studied 
in a column experiment using mixtures of winter wheat (Triticum aestivum cv. 
Claire), with white clover (w.c.) (Trifolium repens cv. Barblanca) and with red 
clover (r.c.) (Trifolium pratense cv. Britta). The effects of cutting and removal 
above ground clover material with and without additional soil disturbance were 
compared to leaving clover plants in situ and intercropped with wheat in a split 
root design. Wheat and clover plants, as monocultures, were used for the controls. 
15N ammonium nitrate solution was applied. The wheat seeds were sown into 
the column without nitrogen. We found that the cutting treatment produced the 
highest yield of wheat. Available ammonium-N in the soil was greatest in the 
clover control treatment for the column with only red clover roots and in the 
cutting+soil disturbance treatment for the column with only white clover roots. 
Available nitrate-N was greatest in the soil disturbance treatment in the column 
with clover and wheat roots for both red and white clover. The cutting treatment 
produced the highest yield of wheat. 

Key words: Intercropping; winter wheat; red clover; white clover; N fi xation; 
15N-labelling

Introduction

There is a world-wide interest in developing more sustainable approaches to agriculture at a 
time when  the use of mineral fertilisers and chemicals is being critically assessed (Bergkvist, 
2003). In organic farming, synthetic fertilisers as well as pesticides are not allowed and the main 
aim is to keep a constant-closed nutrient cycle on farms, to protect environmental quality and to 
enhance benefi cial biological interactions and processes (Altieri, 1995). In the UK, organic farming 
systems are traditionally based on ley arable crop rotations (Sanders, 2003). The aim of organic 
crop rotations is to achieve a balance between crops which reduce soil fertility and crops which 
re-establish fertility. 

Crop yields from organically farmed systems have been shown to be lower than those from 
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conventional farms (Nieberg & Schultze, 1996). The N concentrations in organically grown wheat 
have also been found to be signifi cantly lower than those in conventional systems (high N input) 
(Gooding et al., 1999).  This suggests that the yield reduction may be a consequence of restricted N 
supply (Berry et al., 2002), with the availability of nitrogen be different at different developmental 
stages.

However, a number of studies have shown that organic farming systems regularly result in a 
positive N balance (i.e. that the input is greater than the output) (Watson et al., 2002), which leads 
to the suggestion that the problem is the timing of N supply rather than the amount. Moreover, the 
mechanism by which the nitrogen transfer between legumes and non- fi xing plants taking place is 
still poorly understood. The overall aims of this study were to quantify transfer of nitrogen from 
clover to wheat and to examine the relative contributions of shoots and roots to N transfer.

Materials and Methods

Plant culture
The experiment was set up in a greenhouse at the Bush Estate in Edinburgh (lat. 55o 51’N, long. 3o 

12’ W). Mixtures of winter wheat (Triticum aestivum cv. Claire), with white clover (w.c.) (Trifolium 
repens cv. Barblanca) and with red clover (r.c.) (Trifolium pratense cv. Britta) were used. The seeds 
of the clover cultivars were surface sterilised, germinated at room temperature for 24 h and sown in 
terragreen. After 15 days, the roots had been cut to 3 cm and only the top-two branches remained 
on each plant, so as to enhance the growth of the two branches and then split them one in each 
column. The plants were transplanted to glass tubes fi lled with terragreen and left for another 25 
days. During this period, the temperature was 20oC and the photoperiod was 24 h per day.

Experimental design
The plants were transplanted to PVC columns (400 mL) and fi lled with approximately 3 kg of 

a sandy loam soil. The columns were about 30 cm high, 5 cm in diameter and each was placed 
in a plastic tray. All the columns were manually irrigated with the minus-N Long Ashton nutrient 
solution (Hewitt & Smith, 1975) and were maintained with a constant level of liquid at the base. 
Each experimental unit was made up of a pair of adjacent columns. The soil used was sieved 
(9.525 mm) to remove any roots, plants, and stones. The total number of units was 32 (16 per 
variety). 

Four different treatments of growing units were prepared and named according to clover treatment 
(1) Controls (2) No cutting (3) Cutting and (4) Cutting+soil disturbance, and each pair was glued 
together (Fig. 1). Each unit had one column containing only clover (red or white) roots growing  
and one column containing clover (red or white) roots and wheat roots, except the controls where 
in each column was growing only clover or wheat. The clover plants had been transplanted such 
that the roots were permitted to grow either in one column only (control treatment) or with the root 
system split between two columns. In sets two, three and four, which simulate intercropping, one 
month after planting with clover roots in two columns, an application of 15N ammonium nitrate in 
solution was made to one of the two columns at 15 g N m-2. The wheat seeds were sown after one 
month into the column without nitrogen. When the wheat was sown, the clover shoots kept growing 
in situ in the fi rst (control) and second (no cutting) treatment. In the third treatment (cutting) and 
fourth treatment (cutting+disturbed treatment), the clover shoots were cut and removed from the top 
of the columns Additionally, the soil was disturbed to simulate ploughing in the fourth treatment. 
One month after the wheat was sown, the wheat plants were harvested. The clover shoot yields 
were measured for each treatment at the end of the second month for the third and fourth treatment 
and at the end of the third month for the third and fourth.
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Results

The wheat plants grown in the cutting treatment with the red clover donor and the cutting+soil 
disturbance treatment had the tallest and heaviest shoots, and heaviest roots. The non-cutting 
treatment was signifi cantly different from the other treatments and had the weakest and lightest 
wheat plants. In the columns containing clover roots, highest ammonium-N concentrations were 
observed in the soil of the control with red clover and the soil disturbance treatment for white 
clover. The non-cutting treatment had the highest amount of ammonium-N in the soil in the 

Fig. 1. The four treatments at the end of the fi rst month (LH column pair), second month (centre column 
pair) and third month (RH column pair) of the experiment.

Table 1. Ammonium-N levels in the soil DM comparing the columns growing only red 
(Trifolium pratense cv.Britta) or white (Trifolium repens cv. Barblanca) clover roots with the 

columns growing wheat and clover roots (n=8)

Growing columns 

Treatments
Red Clover 

Red clover 
and wheat

White Clover 
White clover 
and wheat

Controls 1.76 ± 0.08 0.63 ± 0.07 1.06 ± 0.24 0.75 ± 0.03
Non Cutting 1.15 ± 0.12 1.45 ± 0.05 1.23 ± 0.16 1.40 ± 0.04
Cutting 0.79 ± 0.14 0.76 ± 0.11 1.35 ± 0.18 0.71 ± 0.09
Cutting and Soil Disturbance 0.75 ± 0.09 0.62 ± 0.06 1.50 ± 0.75 0.79 ± 0.16

Table 2. Nitrate-N levels in the soil DM comparing the columns growing only red (Trifolium 
pratense cv.Britta) or white (Trifolium repens cv. Barblanca) clover roots with the columns 

growing wheat and clover roots (n=8).

Growing columns 

Treatments
Red Clover 

Red clover 
and wheat

White Clover 
White clover 
and wheat

Controls 0.60 ± 0.11 0.95 ± 0.31 17.40 ± 2.71 1.14 ± 0.34
Non Cutting 0.91 ± 0.27 0.50 ± 0.02 0.65 ± 0.01 0.21 ± 0.02
Cutting 16.05 ± 2.35 2.65 ± 1.08 2.99 ± 3.48 0.91 ± 0.25
Cutting and Soil Disturbance 6.76 ± 4.90 13.0 ± 1.72 13.02 ± 1.73 2.07 ± 1.96

(1)  Control treatments

N added

(2)  No Cutting treatment 

 

N added

(3)  Cutting treatment

 
N added

(4)  Cutting / Soil disturbance treatment
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column containing clover and wheat roots (Table 1). There were signifi cant differences in nitrate-
N between the treatments and the columns containing wheat or clover (Table 2).

In the wheat shoots and roots, the highest amounts of total N were measured in the cutting 
treatment intercropping with red clover and the cutting+soil disturbance treatment intercropping 
with white clover (FigS 2 & 3). In the wheat plants, the excess of 15N and the transfer of 15N were 
measured by mass spectrometry and were highest in the cutting treatment intercropping with red 
clover and cutting+soil disturbance treatment intercropping with white clover, but the values were 
low (Fig. 4). The clover plants in the non-cutting treatment were signifi cantly different between 

clover types and had the highest amount of 15N excess and showed the highest levels of 15N 
transfer.

Discussion

Direct transfer of N between plant species has long been of interest to ecologists and agronomists 
as a mechanism of nutrient fl ow within systems (Paynel et al., 2001; Paynel & Cliquet, 2003). 
Thorsted et al. (2005) found that intercropping winter wheat with clover resulted in wheat grain 
yield decreases of 10–25% compared with wheat only. This was likely to have been caused by 
interspecifi c competition for light and N during vegetative growth and for soil water during grain 
fi lling. 

In this experiment, the cutting only treatment produced the highest yield of wheat. It seems 

Fig. 2. The amount of total N in the wheat shoots 
grown alone (control) or with red or white clover 
plants.

Fig. 3. The amount of total N in the wheat roots 
grown alone (control) or with red or white clover 
plants.

Fig. 4. The transfer of 15N in the wheat plants in the different treatments with red or white clover plants.
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that this treatment provided the ideal environment for N mineralisation. The lower yield in the 
cutting+soil disturbance treatment is possibly due to greater immobilisation (since the disturbance 
of the soil could encourage soil organic matter decomposition and then immobilisation). Moreover, 
the clover plants were able to effi ciently recover the applied 15N. Rates of transfer were low, and 
the soil disturbance and cutting treatments did not lead to a consistent increase in transfer of N. 
Further work is needed to determine the mechanism by which N is transferred and to establish if 
the quantities of N transferred change over longer periods of growth. These results have potential 
practical applications in low input systems. It is possible that drilling cereals into a cut clover crop 
or cutting strips of clover grown between strips of cereals may enhance the crop’s nutrition and 
cereal growth and increase yield. Finally, the main advantage is the development of a more fertile 
soil with improved structure, aeration and more organic matter. 
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Summary

Soils from two commercial farms were analysed for cation exchange capacities 
with the aim of improving the balance of available nutrients at soil level, and to 
support the basic organic principle of maintaining and improving the long-term 
fertility and microbiological activity of the soil.

Introduction

One of the main management tools for the maintenance of crop and animal health in conventional 
farming systems is the use of chemical inputs to address the effects of imbalances, or to treat 
symptoms.  Organic systems promote a preventative approach for management of the natural system 
of soil, climate, crops and animals, to the benefi t of long-term sustainability and health (SOPA, 
2004). Health is inevitably linked to nutrition, and soils provide the baseline source of nutrients.   

The analysis of soil nutrients has traditionally focused on soil pH and total soil concentrations of 
nitrogen, phosphorus and potassium, with the aim of defi ning the quantities of these nutrients to 
be applied to the benefi t of the subsequent crop. In the current programme, soil analysis  was the 
measurement of cation exchange capacities (CEC) of the soil, with recommendations for chemical 
amendments based on the Albrecht system (Albrecht, 1975). The system measures the percentage of 
different cations sited on the negatively charged colloids in the soil. The CEC of soils is a measure 
of the soil’s ability to hold, absorb and exchange nutrients for plant uptake. The Albrecht soil 
analysis also provides information on pH, percentage organic matter and microbiological activity 
levels. This short paper describes a fi ve-year programme of soil management on two commercial 
farms in Scotland, through conversion to organic status.  

Materials and Methods

The two collaborating farms were a mixed livestock and cropping unit on grade 3 soils in East 
Scotland, and the other a dairy and grassland unit in southwest Scotland also on grade 3 soils. Each 
fi eld on both farms was initially sampled with a screw auger to a depth of 15 cm, with 20 cores 
collected systematically following a ‘W’ pattern across the fi eld. Samples were bulked and sent for 
analysis at two commercial laboratories: one for standard soil parameters of pH, and extractable 
phosphorus, potassium and magnesium, and the other for CEC and Albrecht recommendations. 
Both farms were presented with the results and recommendations. Soil pits were dug to confi rm the 
presence of high level soil pans where indicated by high iron concentrations. A number, but not all 
of the recommendations were carried out on each farm. Both farms continued to apply farmyard 
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manures and slurry conventionally. The sampling protocol was repeated on both farms after three 
and fi ve years, during which time the farms had fully converted to organic status.

  

Results

A sample of the macronutrient status derived from the (?) CEC results is shown on Fig. 1, from 
farm 1. The change to using calcium limestone instead of magnesium limestone reduced the mean 
defi cit in Ca across 16 fi elds in farm 1 from -1,170 kg ha-1 to -233 kg ha-1 in fi ve years, whilst soil 
pH moved from a mean of 5.8 to 6.1. The mean magnesium surplus declined from 207 kg ha-1 to 
26 kg ha-1, whilst the small defi cit of potassium stayed relatively unchanged. Fertiliser costs and 
whole farm profi tability are reported elsewhere (Robertson et al., 2006). The conventional soil 
analysis provided recommendations for lime applications that did not differentiate between the use 
of calcium and magnesium limestone.

Discussion

The range of recommendations based on the Albrecht soil analyses was extensive, but was not 
applied fully by the commercial farms due to concerns about costs and lack of supporting information 
about the effi cacy of the treatments. Both farms applied calcium limestone as a substitute for 
magnesium limestone and farm 1 applied trace element applications dependent on the following 
crop. Farm 2 purchased a heavy-duty aerator to provide aeration to a depth of 10–12 cm to break up 
the extensive high level pans on grazing fi elds. Farm 2 did not apply the recommended applications 

Fig. 1.  Change in availability of soil Ca, Mg and K over 5 years with calcium limestone application 
(n=16 fi elds, Farm 1))

of trace elements due to diffi culty in sourcing a contractor with the resources for applying low 
rates of 5 kg ha-1.  

The use of calcium limestone in place of magnesium limestone improved the calcium: magnesium 
cation ratio towards the recommended ratio of 64:12. The dairy cattle on farm 2 had previously 
required a routine supplementation of calcium prior to calving; blood sampling demonstrated that 
this was no longer necessary after two years, with milk yield dropping by less than 5% compared 
with pre-conversion levels. The clear presence of a high-level soil pan on the grazing fi elds was 
not fully dealt with by the purchase of a soil aerator. There is a requirement for timely use of the 
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aerator, when the soil is neither too wet nor too dry, and the farm had diffi culty in prioritising a 
new task into the existing routine of fi eldwork. Improving the balance of available nutrients at 
soil level appears to be a logical management practice but commercial application is restricted by 
practical concerns about effi cacy of the treatments. It would be useful to include as sentence on 
how you might go forward with these ideas/approaches.
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Summary

 
The question whether soil disturbance from mechanical weeding in organic 

systems affects nutrient release from organic matter in compost-amended soil was 
examined in a long-term organic-versus-conventional rotational cropping system 
experiment over three years. The experimental design included continuous snap 
beans, and a fully phased snap beans/fall rye crop rotation sequence. Treatments 
were combinations of yearly applied fertiliser (synthetic fertiliser, 1× compost, 
3× compost) and weed control (herbicide, mechanical weeding). The 1× compost 
rate was calculated to deliver the equivalent of 50 kg N ha-1: equal to the rate of 
N in the synthetic fertiliser treatments. Ion exchange membranes were buried 
for 24 hours following mechanical weeding in bean plots. Adsorbed ions were 
then eluted and quantifi ed. Available ammonium-nitrogen was not affected by 
weeding treatment, but nitrate-nitrogen was consistently less in mechanically 
weeded plots than in plots treated with herbicide. Principal component analysis 
of NH

4
-N, NO

3
-N, P, K, Ca and Mg availabilities showed distinct groupings of 

treatments according to fertility treatment rather than weeding treatment. The 
effect of cropping sequence on available nutrients was pronounced (P ≤ 0.001) 
only in plots amended with synthetic fertilisers.

Key words: Mechanical weeding, compost, organic matter, nitrate, ion 
exchange

Introduction

Tillage decreases soil organic nitrogen and carbon pools because disturbing the soil structure 
exposes protected soil organic matter to microbial degradation (Kristensen et al., 2003). In organic 
agricultural systems, organic matter is incorporated into the soil so that as it mineralises, it will 
release nitrogen for crop production. Compost is a common source of nitrogen for organic vegetable 
crop production. Light tillage is commonly used to uproot and destroy weeds in organic systems. 
The question arises whether soil disturbance from mechanical weedings affects the short-term 
release of nutrients from soil amended with compost.
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Materials and Methods

Long-term organic-versus-conventional rotations experiment
This research was conducted over three years of a long term organic-vs-conventional rotations 

experiment. The layout consisted of three replicates at a research farm site and three replicates 
at a commercial farm site, each comprising three strips, to which each was assigned a rotational 
cropping sequence. This was continuous beans (CB), or one of the two phases of a beans/fall 
rye two-year rotation (BRB or RBR). Strips were divided into six plots. To each was assigned a 
treatment combination (Table 1) of yearly-applied fertiliser and weeding method. Compost had 
a C:N ratio of 15.2, with total nitrogen on a dry matter basis of 1.5%. The 1× compost rate was 
calculated to deliver the equivalent of 50 kg N ha-1: the same rate of N applied in synthetically 
fertilised plots. In herbicide-treated plots, herbicides were applied following commercial standard 
practices. Mechanical weeding was carried out twice per season using a tractor-mounted implement 
with metal fi ngers mounted on spinning disks, which disturbed soil to a depth of 15 cm. The soil 
loosened by the mechanical tillage was loose and fi ne. 

Table 1: Details of the six weed control and yearly applied fertiliser treatment combinations 

Treatment
identifi cation

Combined factors

Weed control method Yearly applied fertiliser

HF Herbicide Synthetic fertiliser

H1× Herbicide 1× rate of compost

H3× Herbicide 3× rate of compost

MF Mechanical weeding Synthetic fertiliser

M1× Mechanical weeding 1× rate of compost

M3× Mechanical weeding 3× rate of compost

Monitoring of nutrients using anion and cation exchange membranes
Anion and cation exchange membrane technology was used to monitor plant-available ions in 

the soil solution of bean plots following weeding events. The membranes, in the form of Plant 
Root Simulator™ probes (Western Ag Innovations, Saskatoon) were buried vertically in the soil. 
Each 15-cm probe exposed 17.5 cm2 of ion-exchanging surface area to the soil at approximately 
6–13 cm depth. Four pairs of anion and cation probes were buried in the inter-row of each bean 
plot to form composite samples to account for soil heterogeneity. Probes were buried 12 hours 
after mechanical weeding events, and were removed 24 hours later. They were rinsed with distilled 
water, and transported to Western Ag Innovations laboratory for elution of the ions adsorbed to the 
membranes and for colorimetric quantifi cation. Analysis of Variance (ANOVA) was conducted on 
resulting nutrient availability data.

Results

Plant roots take up ions from the soil solution as growth nutrients. Concentrations of ions in soil 
solution are in constant fl ux. Data from the ion exchange membranes provide a relative measure 
of the plant available ions in the soil solution, and entering the soil solution over the burial period. 
Differences in the plant available nutrients in soil solution 12 to 36 hours following mechanical 
weeding were identifi ed using ANOVA (Table 2). More ammonium-nitrogen (NH

4
-N) was available 

in plots treated with synthetic fertiliser than in compost-amended plots. Use of synthetic fertiliser 
also resulted in increased concentrations of available nitrate nitrogen (NO

3
-N). Mechanical weeding 

played a role by depressing Ca, Mg, and especially NO
3
-N in compost-amended and synthetically 
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fertilised treatments. In some years, e.g. 2005, this effect was pronounced (Fig. 1). Weed control 
method interacted signifi cantly with cropping sequence in affecting NO

3
-N and K availabilities. 

No clear pattern emerged for K, but in the case of NO
3
-N, concentration in soil solution was 

consistent in the following relationship between cropping sequences: BRB<CB<RBR. The greatest 
concentrations of available P, K and Ca and Mg were found at the 3× rate of compost application. 
When mean available nutrients were averaged over the three years and weeding treatments, and 
were divided into their principal components, cropping sequence effects became clearer (Fig. 2). 

Table 2. Mean plant available nutrients across sites and years from 12 to 36 hours following 
mechanical weeding in bean plots treated with combinations of weeding method (Mechanical 

weeding or Herbicide) and fertiliser (Synthetic Fertiliser, 1x rate compost or 3x rate compost) in 
different cropping sequences (Continuous Beans, Beans/ Rye/Beans or Rye-Beans-Rye)

Three-year mean nutrient availabilities (µg•10cm-2•24hrs)

Weed Control Fertiliser Cropping sequence NH
4
-N NO

3
-N P K Ca Mg

M F CB 24.3 153.3 3.4 177.7 408.3 77.3

M F BRB 12.3 110.5 2.8 139.2 340.2 63.7

M F RBR 32.8 262.3 5.8 220.6 571.8 83.7

M F Mean 23.1 175.3 4.0 179.2 440.1 74.9
M 1× CB 7.7 114.8 3.8 136.7 390.8 78.1

M 1× BRB 3.5 81.0 4.6 146.7 366.2 69.7

M 1× RBR 3.4 151.1 6.0 180.8 503.0 85.4

M 1× Mean 4.9 115.6 4.8 154.7 420.0 77.7
M 3× CB 3.4 116.3 7.6 220.4 461.2 94.4

M 3× BRB 3.8 100.8 8.1 266.1 413.6 93.1

M 3× RBR 3.0 129.2 9.9 269.4 475.9 90.6

M 3× Mean 3.4 115.4 8.5 252.0 450.2 92.7
M 10.47 135.5 5.8 195.3 436.8 81.8
H F CB 24.7 165.9 3.0 201.6 447.7 84.4

H F BRB 15.3 131.9 3.4 165.0 395.0 76.6

H F RBR 32.5 222.0 6.8 192.0 585.2 96.7

H F Mean 24.2 173.2 4.4 186.2 475.9 85.9
H 1× CB 3.9 121.4 3.4 147.0 413.6 83.0

H 1× BRB 3.9 118.1 4.1 167.5 387.6 77.4

H 1× RBR 2.6 152.1 5.7 138.3 486.6 75.6

H 1× Mean 3.5 130.5 4.4 151.0 429.3 78.7

H 3× CB 3.8 139.7 6.8 260.4 485.5 103.7

H 3× BRB 3.4 131.7 8.4 291.8 486.0 112.5

H 3× RBR 3.3 143.7 9.9 278.0 509.1 110.1

H 3× Mean 3.5 138.3 8.4 276.7 493.5 105.4
H 10.39 147.4 5.7 204.6 466.2 90.0

SEM individual means 7.44 13.61 0.95 17.58 32.68 7.30

SEM Weed control* Fertiliser group means 4.87 6.76 0.54 10.85 15.73 4.21

SEM Weed control group means 0.90 3.74 0.19 4.29 9.64 1.69

F probabilities

Fertilisers ** *** *** *** ** ***

Weeding ns * ns ns * ***

Weeding*Fertiliser ns ns ns ns ns Ns

Statistical signifi cance: P ≤ 0.001 indicated by ***, P ≤ 0.01 indicated by **, P ≤ 0.05 indicated by *, 
and P > 0.05 indicated as non-signifi cant by ns.
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All three cropping sequences (CB, BRB and RBR) were closely clustered when they received 
the 3× compost rate. The 1× compost rate treated sequences formed a looser cluster. The cropping 
sequences that received synthetic fertiliser were widely scattered across the plot.

Fig. 1. Plant available NO
3
-N (black) and NH

4
-N-N (grey) from 12 to 36 hours following mechanical 

weeding in bean plots treated with combinations of weeding method (Mechanical weeding or Herbicide) 
and fertiliser (Synthetic Fertiliser, 1× rate compost or 3× rate compost) in 2005 at the experimental farm 
site, and averaged across two burials and rotational cropping sequence. 

Fig. 2.  Bi-plot of score 1 versus score 2 derived by Principal Component Analysis of mean NO
3
-N, NH

4
-N, 

P, K, Mg and Ca availabilities from 12 to 36 hours following mechanical weeding averaged across three 
years, two sites and weeding treatments.  
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Discussion

Much literature exists to support the idea that tillage increases the mineralisation rate of organic 
matter in the soil by exposing organic matter protected within aggregates to microbial action 
(Beare et al., 1994; Kristensen et al., 2003; McCarty et al., 2003). The results here indicate that soil 
disturbance from mechanical weeding had an opposite effect, at least in the short term, of depressing 
available NO

3
-N and, to a lesser extent, Ca and Mg. Soil moisture, temperature and aeration affect 

mineralisation (Sierra, 1997). Soil drying and increased aeration in mechanically weeded plots 
may have inhibited N mineralisation. Another possibility is that a fl ush of carbon mineralisation 
caused NO

3
-N to be immobilized. For example, in a study, which examined disturbed and intact 

soil cores, a fl ush of carbon mineralisation occurred 0 to 3 days following soil disturbance, causing 
nitrogen immobilisation (Franzluebbers, 1999). 

Fertility regime affected available nutrients. In the PCA (Fig. 2), a clear grouping of treatments 
involving 3×compost rate emerged, whereas with no organic amendment, synthetically fertilised 
cropping sequences were separated. This points to a greater mineralisable reserve of nutrients in 
compost-amended treatments, resulting in reduced effects of cropping system factors such as crop 
removal. Future work will examine these results in relation to aggregate stability, soil organic 
matter fractions, and crop N removal.
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Summary

Traditionally, the assessment of soil sustainability and the potential impact of 
cultivation are based upon the application of chemical procedures. In the absence 
of a biological context, these measurements offer little in understanding long-
term changes in soil husbandry. Detailed microcosm investigations were applied 
as a predictive tool for management change. The microcosms were designed 
with homogenised soils treated with organic amendments. Key soil functional 
relationships were quantifi ed using stable isotope techniques, biochemical 
measurements and traditional approaches.  

Keywords: Organic management, conventional management, microbial activity 
microbial biomass, ecological indicators, soil health

Introduction

 An ongoing challenge for both scientists and policy makers is to preserve agricultural effi ciency 
whilst using the natural resilience of the soils to establish sustainable production in unimproved 
and degraded systems, in the face of continuous population growth (Griffi ths et al., 2001). From 
this, a particular interest has grown in understanding soil processes particularly in terms of the 
relationship between biodiversity and function. It is now considered to be the key in estimating 
the infl uence of farming practices on the fertility and quality of soil, and thus on the environment 
(Bohme et al., 2005).

Productivity of soils, with regard to their utilization is determined by properties and attributes 
of the whole soil body (Arnold et al., 1990). Thus, a chief concern for societies should be the 
impact of soil management practices on the physical, chemical and biological processes of soils 
that infl uence the sustainability of agriculture (Karlen et al, 2003).

Materials and Methods

Comparisons of conventional and organic based production systems were made using two 
neighboring farms, Kirkbog and Kirkland, located in Dumfries and Galloway. The selected fi elds 
for soil analyses were adjacent to each other to ensure the same pedological conditions as farm 
management varied. The crop rotation of the conventional system was similar to the organic 
system.  The agricultural management of the four fi elds differed but was typical of organic and 
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conventional practices in the UK. In 2005, the rotational fi eld from the organic farm had been 
utilized to grow grass, peas and triticale in rotation for the past three years. The rotational fi elds 
of the conventional farm had been utilized to grow grass and maize in rotation. At the time of 
sampling the rotational fi elds of both the organic and conventional farm were under grass ley. 
Pasture fi elds of the conventional farm had not been ploughed for 16 years, whereas pasture fi elds 
of the organic system had not been ploughed for 25 years, both were utilised as permanent pasture 
for livestock.  

A microcosm study was established to determine differences in key functional soil processes 
between conventional and organic husbandry. Soils were amended with a 15N plant residue (rye 
grass) and incubated for a 90-day period with growing barley plants acting as a plant sink for N.  
Microcosms were destructively sampled, to test a large suite of indicators, as a variety of parameters 
should be investigated when considering the impact of management on soil sustainability. 

Both available nitrate (NO
3

--N) and ammonium (NH
4

+-N) were determined by colorimetric 
methods after extraction from soil with 1 M KCl. Microbial biomass C (MBC) was determined by 
chloroform fumigation extraction method, using 0.5 M K

2
SO

4
 as an extractant. The C contents in 

the fumigated and non-fumigated were estimated as reported by Vance et al. (1987).
Acid phophatase (PNP), alkaline phophatase (PNP*) and dehydrogenase (DH) activities 

were measured as indicators of soil enzymatic activity. Acid and alkaline phosphatase was 
assayed according to methods described by Skujins. et al. (1962). The procedure involves the 
spectrophotometric determination (wavelength 410 nm) of p-nitrophenol (pNP) released by 1 g of 
soil during 60 min at 37°C.

 Dehydrogenase activity was determined using methods adapted from Casida et al. (1964) and Trasar-
Cepeda et al. (2000), and based on the spectrophotometric determination of iodonitrotetrazolium 
formazan (INTF) released by 1 g of soil during 24 h at room temperature.

Results and Discussion

Table 1. Biological and chemical indicators of organically and conventionally managed pasture 
soils during a 90-day incubation period.

Day 0 Day 45 Day 60

Organic Conventional Organic Conventional Organic Conventional

Biological
indicators
Biological

PNP 
(µmol pNPg-1

soil h-1)
0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.00 0.03 ± 0.00 0.11 ± 0.01 0.11 ± 0.01

PNP*
(µmol pNPg-1

soil h-1)
0.09 ± 0.00 0.09 ± 0.00 0.09 ± 0.00 0.08 ± 0.00 0.25 ± 0.02 0.22 ± 0.05

DH 
(µmol INTF g-1

soil h-1)
0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

MBC (mg 100-1) 115 ± 4.13 135.15 ± 4.14 304.99 ± 7.12 168.39 ± 8.77 297.14 ± 35.3 176.64 ± 10.27

Available 
nutrients

NO
3
--N (mg kg-1) 27.22 ± 0.26 21.84 ± 0.082 1.30 ± 0.07 0.4 ± 0.00 3.07 ± 0.22 2.09 ± 0.24

NH
4
+-N 

(mg kg-1)
4.12 ± 0.41 5.43 ±0.16 1.73 ± 0.49 1.98 ± 0.22 2.5 ± 0.33 2.18 ± 0.01
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Table 2.  Biological and chemical indicators of organically and conventionally managed 
rotational soils during a 90-day incubation period

Day 0 Day 45 Day 60
Organic Conventional Organic Conventional Organic Conventional

Biological 
indicators

PNP 
(µmol pNPg-1

soil h-1)
0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.15 ± 0.04 0.03 ± 0.00

PNP*
(µmol pNPg-1

soil h-1)
0.08 ± 0.00 0.07 ± 0.00 0.08 ± 0.00 0.08 ± 0.00 0.29 ± 0.01 0.22 ± 0.05 

DH
(µmol INTF g-1

soil h-1)
0.01 ± 0.00 0.02 ± 0.00 0.01 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

MBC (mg100-1) 151.09 ± 2.93 140.81 ± 3.03 369.23 ± 9.94 229.19 ± 1.56 292.07 ± 35.3 248.11 ± 1.82

Available 
nutrients
NO

3
--N 

(mg kg-1) 20.98 ± 0.57 19.5 ± 0.77 0.47 ± 0.03 0.29 ± 0.07 2.92 ± 0.14 2.74 ± 0.74 

NH
4
+-N 

(mg kg-1) 2.22 ± 0.05 3.27 ± 0.12 2.04 ± 0.27 2.88 ± 0.05 2.3 ± 0.2 2.09 ± 0.08

Despite the fact that soil management infl uences most soil parameters, several authors (Nannipieri, 
1984; Bergstrom et al., 1998) reported that microbial biomass and enzyme activity respond more 
quickly to management and land use. Thus, microbial biomass and the enzyme activities are 
considered to be more sensitive indicators of soil sustainability than chemical properties (Beyer et 
al., 1999).  In this study, enzymatic activities (Tables 1 and 2) as indicators of microbial activity 
presented broadly similar patterns for pasture and rotational fi elds, irrespective of management. So 
far, weak correlations were found between dehydrogenase and microbial biomass C, which may 
be due to a signifi cant proportion of dormant microbes. 

Preliminary investigations of available soil nitrogen in the forms of nitrate and ammonium are 
presented in Tables 1 & 2. The effect of management was more pronounced for nitrate; furthermore, 
concentrations of ammonium decreased during the fi rst 45 days, suggesting that a high level of 
nitrifi cation in an aerobic environment is being maintained in both soil types.

Soil nitrate availability was always higher in organic than in conventional fi elds in both rotation 
and conventional, although this was insignifi cant. A possible explanation of the difference in 
nitrate concentration may be to the higher activity of microbial nitrifying bacteria, which may be 
affected by different fertiliser application in the conventional system (Chao et al., 1996), although 
residual N effects from previous management regimes should also be considered. 

For matched soils under contrasting management practices, there have been no marked changes, to 
date, in terms of soil mineral N concentrations, microbial biomass C and enzyme (dehydrogenase) 
activities. Statistical analysis revealed differences only with time, but not with management 
practices. This suggests that a period of 5 years of contrasting management was not enough to 
produce consistent differences in soil microbial activity.

This may well relate to the intrinsic dynamics of change due to the organic conversion rather than 
a lack of change.  However, by continuing to monitor biomass carbon, the study is focusing on the 
main barometer of change in the soil.  In terms of N mineralisation, there is no evidence to date to 
suggest this is enhanced under organic management, although 15N data will confi rm whether the 
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effi ciency of N transfer from the residue to the crop is changed under organic husbandry.
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Summary

Phosphorus (P) is an essential plant nutrient that needs to be managed 
carefully in organic systems so that crop yield and quality remain sustainable 
without contributing to environmental damage, particularly that associated with 
eutrophication. Under organic regulations, minimally processed rock phosphate 
(PR) can be used to amend low P fertility soils, although the solubility is 
extremely low at optimum soil pH for most crop growth (pH 6.5). This paper 
describes a project (PLINK) which aims to develop methods of improving P 
effi ciency on organic farms, although the same approaches may also be applicable 
on conventional and low-input farms. The methodologies that the project is 
developing include the fermentation and composting of crop waste material with 
PR in order to solubilise P and make it more available to the crop. Some initial 
results are described here. In addition, the project will investigate the alteration of 
the rotation to include crops or varieties with high P uptake effi ciency, or roots that 
possess acidifying properties which improve P availability for following crops.

Key words: Rock phosphate, solubility, organic farming, fermentation, 
compost

Introduction

Initiatives from the UK government in the form of UK Organic Action Plans (OAPs) from both 
Defra (Department of Environment, Food and Rural Affairs) and SEERAD (Scottish Executive 
Environment and Rural Affairs Department) have been developed in order to try to increase the 
proportion of organic food consumed in the UK. The intention is that 70% of the organic food 
consumed in the UK will be produced by UK farmers and growers, and for this goal to be realised, 
a considerable increase in the area of agricultural land dedicated to organic production would be 
required. Phosphorus (P), one of the main plant nutrients required for healthy crop growth, will 
need to be managed extremely carefully in these organic production systems or else crop health, 
yield and quality will be negatively affected, with the environment also under increased threat of 
damage as a result of poor stewardship. Organic rules prohibit the use of soluble P fertilisers such 
as triple super phosphate, and P inputs are based around the addition of sparingly soluble rock 
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phosphate (PR) which has been minimally processed. The solubility of PR is particularly poor 
at pH 6.5, the optimum for growth of a wide range of arable and horticultural crops. One way to 
help optimise P use in organic systems is to utilise crops or varieties with high P uptake effi ciency 
into the rotation. Other approaches include the fermentation or composting of crop residues and 
waste materials with the PR in order to make P more available to the crops when they need it. 
These approaches have not been investigated in depth in fi eld conditions, particularly in the UK. 
For improvements in the best management practices to improve P use and effi ciency on organic 
farms, more detailed studies of the factors involved need to be undertaken. This paper describes the 
approaches taken and some initial laboratory results from a Defra LINK project (PLINK) which 
has recently commenced to do just this.

Biotechnological Solubilisation of Phosphate Rock

Crop P supply and associated plant growth and nutritional benefi ts have successfully been improved 
by fermenting PR with sugar beet wastes which has then been applied to the soil (Rodriguez et 
al., 1999). Research has also demonstrated that composting vegetable and other organic wastes 
can increase P availability to plants (Singh & Amberger, 1991). A review of studies undertaken 
by Vassilev & Vassileva (2003) concluded that agro-industrial wastes could be useful and cost 
effective feedstocks for these processes when combined with methods that biotechnologically 
solubilise PR. The hypothesis was that fungal solubilisation in the presence of C and N resulted 
in the production of organic acids which not only acidify the medium but also chelate the cations 
(in particular Ca2+) bound to the phosphate. The P released by these processes is incorporated into 
the fungal mycelia, with any excess remaining in a soluble inorganic form. Despite the success 
of this approach on a small, laboratory scale, the technology has not been upscaled to the fi eld or 
beyond. Thus our project had two main aims, (i) to identify and understand the mechanisms which 
contribute to increased P availability during the fermentation of PR and agro-waste products and 
after their application to the land and (ii) to cost effectively overcome the practical issues of utilising 

Fig 1. Diagram showing PR use and links with the waste streams for improved on farm P use effi ciency.
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the products developed using the technology in agricultural systems.
Three main points in the waste cycle of organic farming systems were identifi ed by the project team 

as potential openings in which to apply the combination of PR and biotechnological solubilisation 
processes. These points were (i) on the farm itself; (ii) at packhouse or vegetable processing 
facilities; and (iii) at waste management and composting sites (see Figure 1).

Site managers were consulted to identify the seasonal variation and volume of their typical 
waste streams, as well as waste quality, particularly C:N ratio and C and N contents. Fermentation 
protocols that are being developed in the initial stages of the project in the laboratory will need 
to be practically applied within the constraints of the larger scale production facilities that are 
available to the project team.

P Uptake Effi ciency by Crop Rotations

The modifi cation of soil properties such as structure and microbial activity as an indirect effect 
of changes to crop rotation design may impact on the availability of P to the crops. Suggestions 
have been made that P defi ciencies, particularly in organic systems, may cause major problems to 
the yields over the course of a rotation due to the impact it can have on legumes and their N fi xing 
capacity. Consequently, this project is also investigating agronomic approaches to mitigating any 
such circumstances, in particular by designing crop rotations that increase the P use effi ciency of 
the system by including crops or cultivars with high P uptake effi ciency, particularly as cover crops 
(Kamh et al., 1999). A range of crops will be quantifi ed for their ability to utilise PR either alone or 
as part of the fermented / composted products described previously. The approach will encompass 
both small scale fi eld plots as well as on-farm fi eld trials which will be used to compare the standard 
farm rotation with those modifi ed to increase P use effi ciency. Crops are likely to include a brassica 
(e.g. mustard), a legume (e.g. lupins or beans) and a cereal (e.g. rye or buckwheat). Initially, these 
are likely to be grown as green manures and incorporated into the soil prior to a spring cash crop 
being sown, but as the project progresses, the crops may be grown to full maturity within the rotation.  
Below we report the fi rst results of a laboratory study where crop wastes were fermented with PR 
in the presence of microbial inoculants in order to increase P released to solution.

Small Scale Fermentation Pilot Study

Materials and methods
Plant materials (carrot tops, cabbage leaves, straw and whole potatoes) were ground into 

approximately 1mm diameter fragments. These were mixed with PR (granulated at a range of 1-2 
mm) at a concentration of 3 g L-1, or left unamended. A Czapeck solution was prepared (containing 
no added P) which was inoculated with a suspension of Aspergillus niger, Bacillus thuringiensis, or 
left without inoculation. Czapeck solution: A. Glucose 20.0 g, Distilled water 150 mL; B. KCl 0.5 
g, MgSO

4
.7H

2
O 0.5 g, FeSO

4
.7H

2
O 50.0 mg, ZnSO

4
.7H

2
O 50.0 mg, NaNO

3
 1.0 g, Distilled water 

150 mL; C. Agar 20.0 g, Distilled water 600 mL. Solutions A, B, and C were sterilised separately 
and the solutions were mixed aseptically. The temperature of the solution was below 50oC at the 
point at which the inoculants were added in order to avoid damage to the microbial populations. 50 
ml of the solution was added to each of the substrates in order to achieve a substrate concentration 
of 2% equivalent dry weight. Flasks were loosely capped and incubated at 25°C for 28 days. 
Flasks were incubated in two incubation chambers maintained at the same temperature in order to 
allow two replicates of each treatment to be present in each chamber; these acted as blocks in the 
experimental design.  Treatments within each incubator were completely randomised. At the end 
of the experiment, each sample was mixed, and the weight of each recorded. From this, 20 g was 
mixed at 2:1 ratio with deionised water shaken for 30 mins at 100 rev/min and used to quantify 
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water soluble P using well established laboratory techniques.

Results and Discussion

The initial experiment showed markedly different release of phosphate from the treatments (Fig. 
2) and the general fi ndings of Rodriguez et al. (1999) were corroborated. P was generally made 
more available from the treatments with P added as PR irrespective of the inoculant or substrate 

Fig. 2. The phosphate after four substrates were incubated under two PR treatments and three inoculant 
treatments.

used. A substrate / inoculum dependence was observed, with increased phosphate-P restricted to 
Aspergillus with cabbage and potato, and Bacillus with cabbage. The relatively low C:N ratio of 
cabbage was thought to be a factor in the increased P availability afforded by this treatment as it 
would be a useful nitrogen source for the microbial communities. The large increase in P availability 
with the potato in the Aspergillus treated with additional PR was more diffi cult to explain, as the 
C:N ratio was higher than for cabbage. However, it could be the type of C (i.e. high starch) was 
of primary importance here as it would be a useful energy source for fungal activity, although 
why the Bacillus treated product responded differently is unclear. Further experiments designed 
to understand these relationships more clearly are currently underway. Although not shown here, 
the variability of the data increased as phosphate-P increased. Furthermore, the biomass-P pool 
contained signifi cant quantities of P that may provide an important source of useable P for the 
following crops when the microbes decompose.
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Nitrous oxide emissions from organic farming: the importance of 
well-timed ley cultivation 
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Summary

The period after ploughing of grass-clover within a ley-arable rotation is 
when nitrogen accumulated during ley cropping is most vulnerable to loss. 
I investigated how date of ploughing and date of cessation of grazing before 
ploughing infl uenced losses of nitrogen as nitrous oxide during establishment 
of the fi rst cereal crop. Crop nitrogen uptake was also assessed. Nitrous oxide 
(N

2
O) emissions in the 1-2 month period after autumn or spring ploughing or 

after sowing were typically between 20 and 150 g N ha-1 day-1 and increased with 
temperature and rainfall. Tillage and sowing operations on previously ploughed 
soil stimulated N

2
O emissions even several months after ploughing. Cumulative 

N
2
O emissions were highest (~8 kg ha-1 over 17 months) after late cessation 

of grazing and late ploughing, and lowest (~5.5 kg ha-1) after early cessation 
of grazing and early ploughing. The optimum time of ploughing appears to be 
midwinter when the cold restricts nitrogen mineralisation, but suffi cient nitrogen 
subsequently becomes available for early spring crop growth and satisfactory N 
offtake.  Restricting tillage operations to cool conditions should help to reduce 
N

2
O emissions. However, the soil should also be dry enough to reduce the risk 

of damage to soil structure.

Key words: Greenhouse gas, ley-arable, nitrogen offtake, ploughing and 
grazing

Introduction

Organic rotations rely heavily on nitrogen fi xation by clover during the period under grass-clover 
as an external source of nitrogen. Ploughing of the grass-clover ley stimulates mineralisation of this 
nitrogen. Mineralised nitrogen may be lost as nitrous oxide if the ley is ploughed in late summer or 
if tillage occurs in a very wet spring (Ball et al., 2002; Vinten et al., 2002). Nitrous oxide is a potent 
greenhouse gas which also catalyses destruction of the stratospheric ozone layer. The  mineralised 
nitrogen is also vulnerable to leaching loss. Vinten et al. (2002) suggested that N mineralisation rate 
and N leaching losses may be reduced by removal of grazing animals well before ploughing. Thus 
the objective was to assess how the timings of ploughing and tillage and of cessation of grazing 
infl uenced N

2
O losses and N uptake in the fi rst cereal crop after ley.
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Materials and Methods

The fi eld experiment (Ball et al., 2006) was located at Craibstone, Aberdeenshire, UK (57°10′ 
N /2°16′ W) a sandy loam soil with good-moderate drainage. Treatments began in November 
2001 and were applied over two seasons i.e. the soil was ploughed in both seasons. Grazing 
was by sheep. Treatments were no grazing after late autumn, ploughed in January; grazed until 
January, ploughed in January; grazed until January, ploughed in March and grazed until March 
and ploughed in March. Spring barley was sown and grass/clover was undersown in mid April in 
2002 and 2003. Crop N uptake was measured from the dry matter yield and nitrogen content of 
the grain plus straw at harvest.

Nitrous oxide fl uxes were measured using a manually closed chamber system (Scott et al., 
1999). The atmosphere (0.125 m3 volume) immediately above the soil surface was enclosed by 
a chamber and was sampled 1 h after closure. Gas samples were stored in aluminium tubes and 
analysed in the laboratory by gas chromatography (Scott et al., 1999).

Results

Cumulative N
2
O fl uxes are given in Fig. 1. Although we monitored N

2
O fl uxes after January 

ploughing in 2003 only, these were minor. 

The main peaks of N
2
O fl ux occurred after secondary cultivation and sowing. Variability of fl ux 

within treatments was large. The total fl uxes produced in the active period from April-July 2002 
were ~2 kg N

2
O-N ha-1. Treatment differences were more apparent in April–May 2003 when the 

total fl uxes ranged from about 1.2 kg N
2
O-N ha-1 from the grazed until January, January ploughing 

treatment to about 4 kg N
2
O-N ha-1 from the grazed until March, March ploughing treatment. There 

was also a marked temporal variability of fl ux. Although crop N offtakes did not differ signifi cantly 
between treatments in either season (Table 1), treatments effects were consistent. 

Fig 1. Cumulative nitrous oxide emissions between April 2002 and August 2003. The average standard error 
of the overall cumulative totals was 2.3 kg N ha-1.
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Table 1. Crop N offtake (kg ha-1) in grain plus straw

2002 2003

Grazed until January, January ploughing 105 51

Grazed until January, March ploughing 106 59

No grazing, January ploughing 109 62

Grazed until March, March ploughing 103 52

LSD (P = 0.05) 22 19

Overall spring barley grain plus straw N offtakes were lower in 2003 than in 2002 (Table 1). The 
grazed until March, March ploughing treatment had the lowest N offtake (difference not signifi cant) 
and greatest cumulative N

2
O emission. Nevertheless, there was no consistent benefi cial effect of 

winter ploughing as the grazed until January, January ploughing treatment gave lower N offtakes 
than the no grazing, January ploughing treatment.

Discussion

Nitrous oxide emissions after autumn or spring ploughing were between 20 and 150 g N ha-1 day-

1. This is of the same scale as measured previously on similar soils (Ball et al., 2002). Ploughing 
in mid-winter was the only time that N

2
O emission was not stimulated, though further tillage in 

the spring for crop establishment caused N
2
O emissions of a similar magnitude to those after 

spring ploughing and tillage for crop establishment. The fl ush of N
2
O emission after ploughing 

may result from the supply of readily available carbon for microbial activity (Davies et al., 2001). 
The signifi cant N

2
O emissions from April to June when the soil is usually relatively dry are likely 

to have resulted mainly from nitrifi cation. Nevertheless the soil was wet at times during this 
period, particularly in 2003, suggesting that anaerobic zones were likely to have developed and 
that denitrifi cation may have occurred. The annual N

2
O fl uxes were between 2.5–4 kg ha-1 and, 

though not particularly high, were generally higher than those found for arable land in conventional 
production by Dobbie et al. (1999). These fl uxes correspond to a loss of 1.2–3.9 % of the N inputs, 
substantial emission factors. 

Conclusions

Within an organic rotation, establishment of the fi rst arable crop after grass-clover is a point of 
potential loss of nitrous oxide. Thus leys should be tilled in cool, dry conditions in order to reduce 
N

2
O emissions. This is preferably in mid-winter, but care should be taken to ensure that the soil is 

dry enough to prevent damage to soil structure. However, mid-winter (January) ploughing reduced 
emissions and increased crop N offtake only after grazing.
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