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1.1 Introduction

Organic farming is an agricultural production system that attempts to achieve closed
nutrient cycles as much as possible without the use of highly soluble mineral
fertilizers and synthetic pesticides. The system depends on internal self-regulation
and soil organic matter to enhance its chemical, biological, and physical properties
for optimal nutrition, weed, pest, and disease suppression. Management approaches
to resolve the related problems in organic farming are quite different from those in

conventional agriculture (Lundkvist et al., 2008).

Organic systems are prophylactic rather than reactive. Site specific crop rotations are
made use of for nutrient cycling and conservation and for weed, pest and disease
control (Stockdale et al., 2001; Lammerts van Bueren et al., 2002; Watson et al.,
2002). Organic amendments, crop residue management, tillage, and rotations all aim
at returning sufficient amounts and quality of organic matter to the soil to provide
nutrients and improve soil health (Dima & Odero, 1997; Bailey & Lazarovits, 2003). In
organic farming system circulation of nutrients mainly N is important part of farm
budget it can be achieved by applying different organic measures (Moller, 2009). In
Europe legumes contribute to livestock production as animal forage and are used as
protein supplements in food and feed (Stockdale et al., 2002; Rochon et al., 2004;
Siddique et al., 2011). It is a challenge for the farmer to achieve the full benefits of
legume crops and to avoid N losses because leguminous crop residues are easily
decomposable and leaching may result in less residual N for subsequent crops
(Jensen, 1994; Hauggaard-Nielsen et al., 2003).

The main grain legumes in Germany are peas (Pisum sativum L.) and faba beans
(Vicia faba L.). Despite the positive effects of legumes on the agricultural system the
production is declining. In Germany, pea cultivation was 141320 ha in 2000 and
decreased to 58700 ha in 2010 while beans were cultivated on 4412 ha in 2000 and
3925 ha in 2010 (FAOSTAT, 2012). The decline in their production is due to many
challenging factors. Pea and faba beans are weak competitors to weeds and weeds
are very efficient users of available N (Hauggaard-Nielsen et al., 2001; Grenz et al.,
2005; Lundkvist et al., 2008; Deveikyte et al., 2009; Urbatzka et al., 2011).

Besides suffering from competition by weeds, peas and faba beans are commonly

affected by a number of soil-borne, seed-borne and foliar pathogens; making, it very
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difficult to grow and get profitable yields. The most important diseases are the
ascochyta blight complex (Grinwald et al., 2004; Bretag et al., 2006; Tivoli et al.,
2006; Pflughoft, 2008) and Fusarium spp. (Buxton, 1955; Oyarzun et al., 1994; Etebu
& Osborn, 2012).

Legumes are also very sensitive to poor soil conditions such as erosion, soil
acidification, and compaction (Bezdicek et al., 2003; Whitmore & Schrdder, 2007).
Soil compaction caused by agricultural practices such as axle loads, heavy rainfall
and tillage operations or by field topography are the basic causes of subsoil
compaction that deteriorates soil structures (Allmaras et al., 1989; Flowers & Lal,
1998; Jr, 1998; Dedong-Hughes et al., 2001). Compaction influences host-pathogen
contact and the dynamics of root-pathogen interactions (Allmaras et al., 1989) and
affects the mineralization of soil C and N. Water logging of soils also enhances pea
root infection by A. euteiches and decreases soils oxygen contents which leads to
poor plant development (Cannell et al., 1979; Belford et al., 1980; Allmaras et al.,
2003).

In organic farming, legume production problems due to weeds and pathogens are not
easy to overcome as no pesticides/weedicides are available and synthetic chemicals
are prohibited. Thus, weeds, diseases and general soil structural problems need to
be dealt with in the agricultural system based on cultural methods. As cultural
methods interact with host, pathogen, and environment there is a need to study these
interactive effects to improve their understanding and to avoid negative effects. It is
known that several cultural practices can be partially effective, however, knowledge
about combination and integration of more than one method is necessary which may

improve the crop production system.
1.2 Objectives

The overall objective of the presented thesis is to contribute to improved grain
legume health for N conservation in organic cropping systems in Germany. In the first
part, the main seed-borne pathogens affecting peas and faba beans in organic
agriculture as well as the health of the harvested crops were assessed in a four-year
survey across Germany. In the second part, the focus was on peas as these suffer
especially from problems in the field. Field experiments were conducted from 2009-

2012 to determine the effects of mixed cropping of peas with oats, the use of various
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brassica cover crops for potential biofumigation effects, and reduced tillage on weed
infestation, diseases, and grain yield of peas, oats, and the following winter wheat

crop.

This study is embedded in a large on-going research project on soil fertility in organic
farming, titled “Increasing income from organically produced crops through the
optimisation of soil fertility management” (www.bodenfruchtbarkeit.org) funded
through the Federal Ministry of Food, Agriculture and Consumer Protection, Germany
(BMELV).

1.3 Structure of the thesis

In the second chapter, peas and faba beans are briefly presented followed by a more
detailed review about the problems occurring in pea production in the field. Chapter 3
describes the pea and faba bean seed health situation under organic conditions.
Seed samples were obtained from 32 organic farms throughout Germany before
sowing and after harvest from 2009-2012 to study the frequencies of seed-borne
pathogens in the seed used to establish fields as well as in the harvested crop. In
chapters 4 and 5, the field experiments that were conducted from 2009 to 2012 are
described. A two-year sequence starting with a brassica cover crop followed by a
pure stand of peas, or a species mixture with oats, or oats, and then by winter wheat
was established in 2009 and in 2010, respectively. The purpose of these field trials
was to evaluate the effects of pea-oat intercropping, reduced tillage, and the use of
three different brassica species varying in their glucosinolate contents as cover crop
before the pea growing system on grain yield, weed infestation, residual N and the
performance of subsequent wheat (chapter 4) and on pea diseases (chapter 5).
Finally, in chapter 6 the results and their possible implications for pea management in

organic farming are synthesized and discussed.
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