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Abstract

The impact of management and environmental site factors on quantitative and qualitative indicators of humus dynamics was investigated in eight long-term field experiments in Germany and neighbouring countries. Humus dynamics were basically influenced by environmental site conditions, but at a given site differences between farming systems could be ascerted. Mixed farming systems with farmyard manure application as a rule had a more favourable impact on humus dynamics than stockless systems. Whether an advantageous performance of humus dynamics in organic farming as compared to conventional farming will occur or not, is dependent on the respective farm types of both systems that are related to each other. 

Introduction

A favourable performance of humus dynamics is commonly attributed to organic farming systems (e.g. Piorr & Werner 1999). Yet, even organic farming is subject to specialization and intensification processes, mainly induced by economic factors. As a result, the diversity of organic farming systems is increasing. It is therefore necessary to investigate impact factors behind the complex system effects in order to enable a differentiated assessment of humus dynamics. This paper presents results on site and management impact on humus dynamics in field trials displaying various organic and conventional farming systems. 

Materials and methods

The performance of indicators  of humus dynamics was surveyed in eight field trials in Germany, Switzerland, and Denmark (DOK trial, Therwil/CH; Crop rot. trial Viehhausen/D; Org. arable farming trial, Villmar/D; Farming systems trial Bad Lauchstädt/D; Farming systems trial Bernburg/D; Farming systems trial Dahnsdorf/D; Org. crop. rot. trial, Güterfelde/D; Crop rot. exp., Foulum/Dk and Flakkebjerg/Dk). Farming systems displayed in the trials are organic mixed farming (8 trials), conventional mixed farming (4 trials), organic stockless farming with (5 trials) and without (4 trials) rotational ley, conventional stockless farming with (2 trials) and without (2 trials) rotational ley, and biodynamic farming (1 trial). In some trials, farming systems are further differentiated according to crop rotation and/or fertilization. 

As quantity indicators of humus dynamics we used organic carbon content (Corg) as well as total soil Nitrogen content (Nt), while hot water soluble fractions of C and N (Chws, Nhws) were selected as quality indicators. Soil samples for analyses were collected in spring 2006 from the topsoil layer (Ap horizon) of each included plot to assess the actual state of the selected humus dynamics indicators. Crop in all cases was winter cereal, previous crop was row crop. Furthermore, humus content development dependent on management factors was assessed calculating the long-term linear trends for topsoil Corg and Nt content, respectively. Linear trend estimations were based on measurement time series of either indicator. The estimated b was used both to assess humus content dynamics in a plot and as a means of levelling out variations caused by differing humus content levels. 

Results

Survey of variable factors in the trials and between the trials showed a decisive impact of environmental site factors on humus dynamics indicators (tab. 1). As for content dynamics indicators (linear trend of Corg and Nt), the impact was not linear and could not be correlated to neither defined site nor management factors. Due to the relevance of environmental site factors, humus content (Corg, Nt) and quality indicators (Chws, Nhws) were not correlated to any management factors in the overall survey. This was true referring to fertilization as well as to crop rotation impact. As for content dynamics indicators (linear trend bC of Corg (bC) and Nt (bN)), the impact was not linear and could not be correlated to either defined site or management factors, but showed a strong dependency on “trial” as an integrative site x management indicator.

Table 1: Correlations between impact factors and humus dynamics indicators in eight long-term field trials in Germany, Denmark, and Switzerland. If significant correlation to more than one impact factor of either category (site, management) could be confirmed, the strongest correlation is displayed. Number of included plot data (n) variable for indicators.

	Indicator
	Relevance of impact factors

	Corg

n=126
	site: r=0,59** for Ackerzahl (german site quality index) 

	
	management: no significant impact

	Nt

n=132
	site: r=0,68** for Ackerzahl (german site quality index) 

	
	management: no significant impact

	Chws

n=128
	site: r=0,59** for Ackerzahl (german site quality index) 

	
	management: no significant impact

	Nhws

n=128
	site: r=0,59** for Ackerzahl (german site quality index) 

	
	management: no significant impact

	bC

n=91
	site x management: significant differences between trials

	
	In ANOVA

	bN

n=91
	site x management: significant differences between trials

	
	In ANOVA


Yet, a differentiation of farming system impact was possible on the trial level (without figure). Stockless farming systems as a rule produced lower values for all humus dynamics indicators than mixed farming systems with farmyard manure application, especially if a rotational ley was missing. If farming systems of either type in one trial were compared referring to the overall system (conventional vs. organic), the conventional reference variants usually displayed higher values. Still, differences between farming systems were not statistically significant for any indicator, even though the pattern OrgMF > OrgSl, ConMF > ConSl was identical in all trials on the level of descriptive statistics.     

Further, a correlation between average dry matter yields and Corg as well as Nt contents could be observed that was considerably stronger for organic than for conventional management (fig. 1). In addition, a negative correlation could be observed for humus content dynamics as indicated by the linear trend of Corg and Nt and yield level for conventional farming systems (without figure). The opposite situation was true for organic farming, even if the positive correlation here was fairly weak. 
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Figure 1: Correlation between Nt as humus content indicator and average dry matter yields dependent on the farming system. Number of plots included n=30 (conventional farming), n=65 (organic farming). *=significant at α=0.05, **=significant at α=0.01.

Discussion 
Our results show that the specific impact of a defined farming system on humus dynamics may not be generalized. A consideration of the impact of environmental site conditions is inevitable. On the other hand, farming systems at a given site obviously have a specific impact that allow for a comparative assessment of farming systems with regard to ecological and agronomical parameters. These findings are supported by e.g. Fließbach et al. (2007) or Breland & Eltun (1999), even though differences between farming systems on a high level of spatial aggregation could not be proved by analysis of variance due to the effect of environmental site conditions as well as specific treatment of variants in a given trial. As to the apparently low impact of management/farming systems on humus dynamics indicators, the relatively young age of most trials (<10 years) has to be considered. Due to the complex interactions between mineralization and immobilization processes of soil C and N (e.g. Barrett & Burke 2000) the rather slow dynamics of the humus content level may be overlapped. It also has to be noted that conventional and organic farming systems as displayed in the trials often do not reflect the actual situation in practice. Conventional stockless cash crop farming without ley was only displayed in two out of eight trials, but is the predominant conventional farming system in arable farming practice in Germany. Results on higher humus contents and turnover intensities in organic faming systems  as reported by other authors from field survey under practice conditions (e.g. Munro et al. 2002) are therefore not contradictive to our observations. On the other hand, problems regarding nutrient supply and humus reproduction in organic stockless farming without inclusion of a rotational ley or optimized compensation strategies are well known (e.g. Schmidt 2004). 

The correlation between average dry matter yield level and Nt must be interpreted as  interacting system. It has been assumed that high yields produce a high plant residue mass, promoting humus content (Brock et al., 2008). On the other hand, a high humus content and turnover is a prerequisite for high yields, especially if there is no mineral N fertilizer application (Stockdale et al. 2002). Our results clearly support both assumptions to be true for organic farming conditions. In conventional farming, the processes obviously are overlapped by the effect of mineral fertilization. 

Conclusions
A favourable impact on humus dynamics is not an intrinsic quality of organic farming, but the result of management factors that are in principal not exclusivly linked to conventional or organic farming. Still, due to a considerably stronger interaction between soil functions and agronomic performance, a sustainable humus management is of basic interest under organic farming conditions. There is some evidence that stockless organic farming remains a challenge not only with regard to nutrient supply of crops, but also to maintenance and promotion of favourable humus dynamics. Here, further research is necessary in order to support a sustainable development of such systems. 
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