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Amelioration of pine and hornbeam cultivation on sandy soils near 
Lampertheim by Biochar 

Prof. Dr. Johannes Eichhorn, Martin Listing 

Due to its physical properties, Biochar has the potential of stabilizing a forest rejuvenation during 
periods of drought. To verify this, a field trial was set up in 2014 in the Hessian Ried in Germany. The 
observed tree mortality should be significantly lower when adding Biochar in the planting process 
compared to the local method. 

The study site is characterized by sandy soil, thus by a low water holding capacity, and a low nitrogen 
supply. The pH is usually above 6.2 due to the calcareous substrate. In a randomized block trial, six 
different coal variants with 80 t ha-1 were applied and milled to a soil depth of 25 cm. Hornbeams 
and pines were planted in strips on six repeat plots. During the trial period, dry phases were 
recorded. Between 2014 and 2017, annual inventories, soil and plant surveys were carried out. In 
order to verify results, an extraction and a pot trial were carried out under controlled environmental 
conditions. 

Tillage (mulching and milling) loosens the topsoil. After two years the dry bulk density in the topsoil 
of the coal variants is still 0.1-0.4 g cm-3 lower than that of the control and can be regarded as a long-
term effect. The milling of the topsoil for coal incorporation shortly before planting in connection 
with the late planting time has distinct negative effects on the survival rate of pine.  

Biochar increases the usable field capacity up to 90 cm soil depth by up to 25%. Mainly, this is 
achieved by increasing the pore volume. The topsoil of the coal-treated plots shows constantly 
higher soil water content than that of the control. The subsoil shows the opposite trend with reduced 
leachate. Field and pot experiments show influences of hydrophobic effects of the carbon substrates, 
which can reduce the positive retention properties in field use. Biochar causes a tremendous 
increase in coverage of accompanying vegetation with effects on other components of the water 
balance, such as evapotranspiration, interception and infiltration. 

The post-treatment of some coal variants with ammonium sulfate results in a massive nitrogen input. 
Nitrogen availability is significantly increased, as shown by concentrations in the soil solution and in 
the plant tissues during the initial phase of the field trial in 2014 and 2015. Stimulated mineralization 
of the organic matter, as a priming effect of biochar, can be observed. The growth dynamics and the 
species spectrum of the accompanying vegetation indicate a massive increase in nitrogen availability 
too. 

In the second phase of the field trial starting in 2016; hardly any differences in nitrogen availability 
can be determined. The very high fixation potential of biochar variants for nitrogen can be explained 
by a high chemical and physical sorption potential. The nitrogen discharge is very low given the very 
high amount of nitrogen input. There is evidence of an increasing potential for nitrogen 
immobilization.  

The high mortality of the trees in post-treated coal variant-soils provides evidence of plant toxic 
concentrations of nitrogen compounds during the initial phase of the experiment. Morphological 
reactions lead to a reduced resistance to climatic stress such as drought stress. Pine has a 
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significantly higher sensitivity to nitrogen availability. This is associated with the pioneering nature 
and associated adaptation to nutrient-poor sites. 

The variants of the pure charcoal and the control show the highest survival rates in the field trial. This 
suggests a successful adaptation during periods of stress. These variants also show a better condition 
of needles and foliage. Morphological effects of increased nitrogen availability such as higher shoot-
root ratios, larger leaves, and reduced fine root growth can be observed. 


