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Abstract – Soil organic matter (SOM) balances can assist sustainable organic matter management. Still, existing methods need to be revised, especially when applied in organic farming. A basic problem is the linear concept which seemingly does not reflect the effective dynamic.  Furthermore the relevance of SOM is dependent on the cultivation system and cultivation intensity, respectively. The importance of SOM as a nutrient source increases with diminishment of cultivation intensity, i.e. synthetic fertilizer application. Here turnover of organic matter becomes the key factor for nutrient supply.

Correspondingly, a higher SOM reproduction level that promotes increased SOM content and/or turnover should be an objective in organic farming.

Soil organic matter balances must therefore be adapted with regard to the coefficients as well as to target SOM reproduction levels.

Introduction

A sufficient supply of soil organic matter (SOM, synonym: humus) contributes to the sustainable maintenance of soil productivity. This is because SOM enhances the soils physical, chemical and biological properties in a complex way. A lack of SOM supply may result in a decrease of soil productivity in the long run. On the other hand, an immoderate surplus in SOM reproduction can promote leaching of nitrogen and other unproductive losses, thus resulting in ecological damage. An optimal reproduction of SOM is therefore of vital interest, especially in organic arable farming.

SOM balances have been developed to assist SOM reproduction management, but up to now there are no sufficiently proved methods that have been adapted to the specific conditions of organic farming. This creates the danger that organic farms may be evaluated unfavourably with regard to their SOM management (Leithold and Brock, in prep.). 

In a cooperative research project of the universities of Munich and Giessen and the Bavarian State Research Center for Agriculture, SOM balances shall be adapted for organic farming. This article shall outline the theoretical background for the adaption. 

Principles of Soil organic matter balances

Since there are many factors influencing the dynamics of SOM it is obvious that SOM balances are a drastic integrative simplification of complex processes many of wich are not even known in detail. 

The aim is to describe SOM reproduction, that is the decrease or increase of SOM content under defined management conditions.

In general SOM balances are based on the simple equation

SOM supply – SOM demand = SOM saldo

with “SOM supply” denoting the input of SOM via manuring as well as humus building plants (e.g. legumes), “SOM demand” describing the crop-specific decomposition of SOM and “SOM saldo” beeing the quantitative impact on SOM ressources. 

Coefficients have been created on the basis of long-term field experiments as well as derivations from nitrogen-dynamics in the soil-plant-system to quantify the specific impact of specified crops and organic manures on SOM reproduction.  It is assumed that non-legume crops (when harvested) cause a net minus of SOM due to decomposition while legumes as well as manure (including green manure)  result in a net surplus of SOM.

Basic problems of Soil organic matter balances

The saldo indicated by an SOM balance relates to a static concept of SOM reproduction. It is assumed that demand and supply coefficients are constant. That means that if crop rotation and fertilizing were constant at two given sites, the SOM saldo would be the same for both which means SOM reproduction would be similar. 

It is important to notice, however, that there is no constant relation between SOM supply and SOM reproduction / content dynamic. 

Kauricev and Lykov (1984) assumed that the required supply of SOM for the maintenance of optimal productivity does vary depending on SOM content level in the soil. According to this an increased supply of SOM must not necessarily result in a higher SOM content, or in other words: a similar SOM supply under different conditions may result in a different SOM reproduction and development of SOM content dynamic, respectively. 

This assumption is supported by the idea of the dynamic equilibrium that will be achieved under Figure 1. Demanded manure-N (x) for maintenance of OM base level (“Ausgangsniveau 1967”) at different amounts of mineral-N-fertilization (Field trial Seehausen/Germany F1-70, means of the years 1993-1995). In Leithold et al. (1997).

continual conditions in the long run (Sauerbeck, 1992). As a result the impact of changed conditions on SOM content level would be gradually decreasing over the years if the new conditions remain stable then.

Another basic problem results from the negative interaction of mineral-N-fertilizing and manure regarding SOM reproduction (Fig 1.). The non-consideration of this situation is a major flaw of most existing balance methods, especially with regard to applicability in organic farming.

Soil organic matter household in organic farming

Soil productivity in organic farming is to a high degree based on the ability of soils to regulate themselves.  Here, SOM is a constitutive factor (Dirks, 1986). Compared to conventional farming there are some basic differences that must be considered in SOM balancing implicitly.

Nutritive function of Soil organic matter 
If no mineral nitrogen fertilizer is applied, SOM becomes the only relevant N-source for non-legume

crops.  Here the relation between SOM content and yield is the higher the less mineral nitrogen fertilizer is applied (Leithold, 2000). A higher provision of OM in organic agriculture compared to conventional farming is therefore inevitable for the achievement of sufficient yields.

Soil organic matter content level

Several authors observed significantly higher SOM contents on organic fields compared to conventional ones (e.g. Emmerling, 1998; Munro, 2002). 

One reason for the observed differences may be the three-fold-effect of legume cropping as pictured by Rauhe (1983). It describes the extension of SOM supply of non-legume crop areal under conversion to organic agriculture basically caused by the replacement of humus consuming plant cropping area by humus building legume cropping.

Biological activity
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It has repeatedly been desribed that microbial activity on organic arable fields was obviously higher than on conventional fields (Piorr and Werner, 1998). Here it has to be recognized that microbial turnover of SOM is a key variable in SOM dynamics. 

As a result, an increased input of SOM must not  necessarily produce a higher SOM content even if there no dynamic equilibrium has been achieved yet.

Implications for soil organic matter balancing

While the problem concerning the dynamic equilibrium is true regardless of the farming system, there are some striking reasons for the imperative to revise SOM balance coefficients for application in organic farming and to discuss the issue of target SOM reproduction levels. Here it may be promising to design a dynamic approach based on cultivation intensity instead of just separating into “conventional” and “organic” farming.
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bedart an Stallmist-IN zum Erhalt des Ng~-Gehaltes Im Bboden (Kombina-

tionsversuch Seehausen F1-70, Mittel der Jahre 1993 bis 95)
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