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Abstract – The DOK long-term field experiment is comparing organic and conventional farming systems since 1978. The systems mainly differ with respect to fertilization and plant protection. The crop yields of the organic systems averaged at 20% of the conventional over three seven-year crop rotation periods. Nutrient input (N, P, K) in the organic systems was 34 – 51 % lower than in the conventional systems, indicating and efficient production. Soil quality as indicated by physical, chemical and biological measures is markedly higher in the organic systems. Organic systems of the DOK trial can therefore be regarded as efficient with respect to productivity and safeguarding environmental quality and biodiversity.

Introduction

The land area of organic agriculture in Europe and in many other countries of the world has increased considerably in the last years (Willer and Youssefi, 2004) and organic agriculture is investigated intensively in many fields of research. Earlier the organic farming movement was created by pioneers, whose ideas and innovations formed an alternative to the so-called „green revolution“ that came along with pesticide use and synthetic fertilizers. Feasibility and competitiveness of organic farming had to proved, whilst today environmental services of sustainable farming systems are regarded as a major goal.
The DOK Field Experiment

In 1978 the DOK long-term field experiment was installed at Therwil close to Basel comparing the farming systems „bio-Dynamic“, „bio-Organic“ and „(K)conventional“. In the first years of the trial, crop yield and practicability of organic farming were investigated. Later, emphasis was put on soil analysis and long-term effects of farming effects on the environmental health and soil biology. Today the quality of organic products is the main research interest. Long-term trials like the DOK-trial offer unique opportunities for this kind of research. 
The DOK-trial compares the three systems mentioned above on the basis of the same intensity of organic fertilization (i.e. the same number of animals per area), the same crop rotation (4-5 arable years and 2-3 years of grass-clover) and the same soil tillage (plough at 18-20cm). Fertilization and plant protection are different and done according to the farming system. A minerally fertilized conventional treatment is mimicking stockless farming and unfertilized plots serve as controls. 
Table 1. Farming system properties in the DOK trial
	NOFERT
	BIODYN
	BIOORG
	CONFYM
	CONMIN

	‑   ‑
	Manure and slurry according to 1.4 livestock units
	Mineral fertilizer exclusively

	‑   ‑
	‑   ‑
	rockdust, K/MgSO4
	NPK
	

	Manure types

	‑   ‑
	Manurecompost
	Rotted manure
	Stacked manure
	‑   ‑

	Weed control

	Mechanical
	Mechanical, herbicides

	Disease control

	indirect methods
	chemical (thresholds)

	Pest control

	plant extracts, bio-control
	chemical (thresholds)

	Special treatments

	Bio-dynamic preparations
	CuSO4 
	plant growth regulators


Between 1978 and 1998, crop yields of the organic systems averaged at 80% of the conventional ones. The fertilizer input, however, was 34 – 51% lower, indicating an efficient production (Mäder et al. 2002). The organic farming systems used 20 – 56% less energy to produce a crop unit and per land area this difference was 36 – 53%. In spite of the considerably lower pesticide input the quality of organic products was hardly discernible from conventional analytically and even came off better in food preference trials and picture creating methods.
Table 2. Crop yields for winter wheat (dry matter), potatoes (fresh matter) and grass-clover (dry matter) in tons per hectare and relative to conventional with manure (1978 – 1998).
	
	winter wheat
	potatoes
	grass-clover

	
	t ha-1
	%
	t ha-1
	%
	t ha-1
	%

	NOFERT
	3.06
	69%
	13.53
	26%
	9.52
	65%

	BIODYN
	3.77
	85%
	31.30
	60%
	12.89
	88%

	BIOORG
	3.91
	88%
	34.73
	66%
	12.48
	85%

	CONFYM
	4.44
	100%
	52.60
	100%
	14.70
	100%

	CONMIN
	4.51
	102%
	41.00
	78%
	12.52
	85%


Soil Quality
Maintenance of soil fertility is important for a sustainable land use. In our DOK field plots the organically treated soils were physically more stable, contained smaller amounts of soluble nutrients and were found to be biologically more active than conventional. The soil is a haplic luvisol on deep alluvial loess with 15% clay and 15% sand. Soil aggregate stability was found to be higher in organic soils, indicating that these soils are lees prone to erosion, a fact often visible in the field after heavy rain. Soil organic matter (Corg) at the start of the experiment was 1.5% and decreased in all systems except of BIODYN (Fliessbach et al, submitted). Soil pH increased slightly in the organic systems, whereas in the conventional systems it decreased, probably due to the acidifying effect of mineral fertilizers. Soluble fractions of phosphorus and potassium were lower in the organic soils than in the conventional soils, whereas calcium and magnesium were higher. However, the flux of phosphorus between the matrix and the soil solution was highest in the bio-dynamic system (Oberson et al. 1993). 
Soil Biology and Biodiversity
Soil micro-organisms govern the numerous nutrient cycling reactions in soils. Soil microbial biomass increased in the order CONMIN < NOFERT < CONFYM < BIOORG< BIODYN. In soils of the organic systems, dehydrogenase, protease, and phosphatase activities were higher than in the conventional systems, indicating a higher overall microbial activity and a higher capacity to cleave protein and organic phosphorus (Mäder et al. 2002). 
Biomass and abundance of earthworms was higher by a factor of 1.3 to 3.2 in the organic plots as compared to conventional (Pfiffner and Mäder, 1997). We also investigated epigaeic arthropods living above-ground, because they are important predators and considered sensitive indicators of soil fertility. Average activity-density of carabids, staphylinids and spiders in the organic plots was almost twice that of the conventional plots (Pfiffner and Niggli, 1996). 
Organic systems were also characterised by high species diversity among plants (weeds and seeds), soil animals (earthworms, carabids, spiders), and also micro-organisms. Mycorrhizae – considered important in plant nutrition and soil stabilisation – were found to be more abundant and more diverse in the organic field plots (Mäder et al. 2000, Oehl et al. 2004). Recent studies based on molecular ecological approaches show clear effects of manure fertilization, but also differences among BIODYN, BIOORG and CONFYM soils. One of the remarkable findings was a strong and significant increase in microbial diversity in the order CONMIN, CONFYM < BIOORG < BIODYN, and an associated decrease in the metabolic quotient (qCO2). The lower qCO2, especially in the bio-dynamic system, indicates that these communities are able to use organic substances more for growth than for maintenance. 

Conclusions
The organic farming systems show an efficient utilization of natural resources and a higher floral and faunal diversity – features typical for mature ecosystems. We therefore conclude that organically manured land use systems with grass-clover in the crop rotation and using organic fertilizers from the farm itself are a realistic alternative to conventional agricultural systems.

Table 2. Overall comparison of organic and conventional farming systems of the DOK field experiment.

	Soil property
	Organic
	Conventional

	Winter wheat yield 
	4.7 t/ha
	5.6 t/ha

	Fertilizer
(NH4NO3-equivalent)
	
122 kg/ha
	
360 kg/ha

	Energy
(Diesel-equivalent)
	
340 l/ha
	
570 l/ha

	Plant protection 
(active ingredients)
	
0-200 g/ha
	
6.0 kg/ha

	Soil microbial biomass 
corresponding to:
	40 t/ha
400 sheep
	24 t/ha
700 sheep
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