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Abstract

Carbon plays a significant role for soil conservation and environment. The knowledge of optimal carbon content is
a precondition to maintain soil fertility and yield formation as well as for estimating the possibility for carbon
sequestration. To solve this problem long-term experiments are necessary. Basing on the results of 12 long-term
experiments at 9 different locations the optimal carbon content is derived from the view of the yield formation and
environmental protection. A minimum content of decomposable soil organic matter (SOM) is necessary for yield
formation. Upper limits result from environmental aspects and should not exceed considerably the level necessary
for yield formation.
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Introduction

Carbon plays a significant role for soil conservation and environment. The knowledge of optimal carbon content is
a precondition to maintain soil fertility and yield formation as well as for estimating the possibility for carbon
sequestration. The knowledge in this field is still very insufficiently and controversial opinions are discussed. First
solutions for Central European site conditions are published by Kérschens et al. (1998) basing on results from long-
term field experiments and extensive soil analyses. A fundamental change in agriculture can be observed during the
last decades. With increasing application of mineral fertilizers, plant protection agents and mechanization yields
drastically increased and concomitantly the harvesting and root residues remaining on the field represent an
important source for SOM. For example in the last 50 years, yields of winter wheat increased by 4 to 5 t/ha and
harvesting and root residues by 1 t/ha as well. Today nutrient supply for the crops is covered better, cheaper and
more effective avoiding pollution of adjacent compartments applying mineral fertilizers.

Therefore, SOM today plays only a secondary role for yield formation. Problems of environmental protection
connected with global carbon and nitrogen cycling are of increasing focus. Consequently high vyields are
prerequisite for a sustainable and non-polluting plant production. Recommendations such as set aside as well as
renouncement of mineral fertilizers and chemical plant protection, promoted by the European Union, only help to
decrease of the food overproduction, however, not in favour of environmental protection.

All further views is to be proceeded from the following premises:

1. At least two SOM fractions should be considered: one being relatively inert (hardly involved in mineralization
processes), the other being decomposable and thus dependent on soil and crop management

2. The production of plant biomass is the only practicable possibility of binding CO, from the atmosphere.

3. The favorable effect of SOM contributes to crop yield increase up to 10 % on sandy soils and up to 5 % on
loamy soils. This means that the yield potential can be exploited up to 90 % using exclusively mineral fertilization.
4. The ranges for the optimal quantities of C and N in soil are narrow. Under the conditions of the Central Europe
(mean annual temperature between 6° C and 10 ° C and mean annual precipitation 450 to 800 mm) the optimal
content of mineralizable carbon ranges between 0.2 and 0.6 % and that of nitrogen 0.02 and 0.06 %.

Materials and Methods

Changes in Cqyq in soil occur almost exclusively in the decomposable part and proceed relative slowly. Therefore
investigations for evaluating optimal contents of SOM require long-term field experiments with a duration of
several decades. As a precondition

- treatments contain all important combinations of organic and mineral fertilization,

- treatments of the experiment are unchanged since the beginning,

- intensive soil investigations were accomplished,

- all results are completely documented.

For the following evaluation the results of such experiments were used.
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Results and Discussion

All procedures of the evaluation of the influence of SOM on the environment require the knowledge of optimal
SOM content. For this reason fertilization variants from long-term field experiments were selected in which the
combination of organic and mineral fertilization was close to optimum. This means that further fertilization did not
increase the yields, and simultaneously, the highest effectiveness of the N-fertilization has been achieved (most
favourable N-balance). Fertilization system at these variants provided high and stable yields, nutrient efficiency
was high and therefore, the environmental impact is low. At the site Bad Lauchstédt three different long-term field
experiments were used. Besides of the yields and N-balances carbon and energy balances were evaluated as well
(Rathke et al., 2002). As a result of the evaluation of yields, nitrogen efficiency, carbon gain and energy balances
the fertilization of 10 t/ha FYM + NPK was the most favourable (table 1 and figure 1).

Table 1. Selected long-term fertilization experiments and the optimal amount of FYM

Nr. |site Initial year clay | average | precipita- | optimal |author
content | temp. tion FYM
% °C mm t/ha.a
1 Bad Lauchstadt 1902 21 8,7 484 10 Kdrschens et al., 1994
Rathke et al., 2002
2 Braunschweig 1952 6 8,8 618 10 Rogasik et al., 2003
3 Methau 1966 16 8,0 600 10 Albert, 1999
4 Seehausen 1967 8 9,0 556 12 Leithold et al., 1997
5 Sproda 1966 6 8,3 540 10 Albert, 1999
6 Speyer 1958 9 9,8 583 15 Bischoff a. Emmerling, 2003
7 Miincheberg 1962 5 8,2 521 8 Rogasik et al., 2003
8 GrofR Kreutz 1967 2 8,9 537 10-15 | Asmus, 1995, Zimmer a.
Roschke, 2001
9 Thyrow 1937 3 8,6 520 10 Lettau a. Ellmer,1997
average 10,8

Several authors estimated the necessary amount of primary organic matter (POM) for maintaining the optimal
SOM content basing on the results of 12 long-term field experiments at 9 different locations.

An average demand for FYM was determined to be 10.8 t.hat.a™. The differences in the organic carbon content
between unfertilized variants and the optimum fertilized variants ranged between 0.11 % C,4 0on a sandy soil and
0.51 % C,q on loess black soil. (Figure 1)

Yield
The results of the long-term experiments show that for an ecologically and economically justifiable high yield a
minimum content of SOM is necessary. Higher contents do not bring any advantages.

Nitrogen

Nitrogen plays a very important role in the environment. The evaluation of the influence of different soil
management systems on the environment requires the comparison of the efficiency of mineral nitrogen with the
efficiency of FYM nitrogen. The results of many long-term experiments under different local conditions show that
compared to mineral N the utilization of FYM nitrogen is about 30 % lower. The upper limit of the SOM content
results from the N - quantity which can be mineralized annually and which can be taken up by the cultivated crops.
A soil well supplied with SOM mineralizes annually 50 to 100 kg N.ha™. Additionally, the atmospheric deposition
amounts about 50 kg N.ha™. Higher amounts of N-mineralization from increased contents of decomposable SOM
may cause N-losses affecting adjacent compartments (atmosphere, hydrosphere).

Paper No. 620 page 2



ISCO 2004 - 13" International Soil Conservation Organisation Conference — Brisbane, July 2004
Conserving Soil and Water for Society: Sharing Solutions

organic carbon - %

! O without any fertilization
[ optim. org. and min. fertiliz.
2
0,51
15 0,37
0,4
1 0,34
161 011 03
1,31
0,5 1 0,14 0,22 0,28
0,81 07 06
’ 0,48 0,42 0,37
0
S O N S @ & O <&
4 ¥ @ & kS ) @ & O
'z?é\% o&é\ N @@Q’Z’ R R @@Q’ S & S
N @ @ A\ 9
? A2

Figure 1. Content of organic carbon (0-30 cm) depending on fertilization in 12 long-term
Experiments at 9 different locations in Germany

It should be taken in account that SOM mineralization proceeds even in time periods in which there are no crops
for taking up nitrogen. In the succession cereals - sugar beets, for example this period may extend six to eight
months, including the winter months. As the microbial activities proceed even at temperatures close to zero there is
a considerable nitrogen loss. That means, with view on environmental protection a small content of SOM is
favourable.

Carbon

Beside nitrogen also carbon plays an important role for environmental protection what remains frequently
unconsidered. In connection with that the question of the carbon sequestration has to be discussed. It is not
meaningful to enrich the soil with C if this is inevitably connected with high losses. In this case organic substance
can better be used directly for power production. An increase of the C content in the soil requires a very high
expenditure as a function of the local conditions (mineralizing intensity) and the kind of the primary organic matter
(humification coefficient). Thus e.g. on black earth (21 % clay) in Bad Lauchstddt 13 % of C supplied with the
FYM accumulated after a time period of 100 years. In contrast, in a loamy soil in Halle/S. (12 % clay) only 6 % of
with regular straw fertilization supplied C remained after 48 years (Schmidt and Merbach, 2004). After reaching
the flow equilibrium practically no further C will be accumulated. That means, compared to a supply of organic
matter necessary for the yield formation an additional supply is not meaningful. Carbon can be used with
substantially higher effectiveness for the substitution of fossil sources of energy.

Summary and Conclusions

High yields contribute to environmental protection. The renouncement of crop yields is also a renouncement of the
CO, binding potential at the same time. With the use of mineral fertilizers, up to 10 times higher quantity of energy
can be gained. The predominant part of the POM is used for the production of food and feeds, as raw material
and/or as source of energy. The latter is at present only very limited considered. A part of the grown biomass such
like roots and harvest residues as well as FYM or slurry acts as an input into the soil for the reproduction of the
SOM. For the roots and harvest residues this is mandatory. About 60 % of the demand of POM are covered by the
post harvest and root residues. The amount of the post harvest residues increased in the last two decades with
increasing yields substantially. From the environmental protection point of view both high production of plant
biomass and simultaneously the most meaningful use of the assimilated carbon should be taken into consideration.
That means, all POM which is not necessary for the reproduction of SOM to maintain the optimal level, should be
used as a direct source of energy.

The present results, especially the evaluation of many long-term experiments, allow the following
conclusions:
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1.  The importance of soil organic matter (SOM) for nutrient supply for the plants strongly decreased in the last
decades, on the other hand it plays an increasingly role for environmental protection.

2. As a condition for ecological and economically justifiable high yields a minimum content of decomposable
SOM s necessary. Upper limits result from the view of environmental protection and should not lie
considerably above the level necessary for the yield formation.

3. It is practically impossible to reduce CO, concentration in atmosphere by means of carbon sequestration to
mineral soils. The necessary input of primary organic matter largely exceeds the quantity which can be
accumulated.
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