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In Mediterranean ecosystems, charred vegetation residues derived from incomplete 

combustions (natural wildfires and prescribed burning) contribute significantly to the pyrogenic 

carbon (PyC) or as it is also referred to as “Black Carbon” pool of soils. In addition, during the last 

years, the fertilizing properties of charred plant residues were re-discovered and are nowadays 

divulged and encouraged within the concept of using biochars produced under controlled combustion 

conditions as soil amendment. Biochar contains large amounts of C. Thus, when applied to land, they 

have the potential to significantly, increase soil organic matter (SOM) contents, an aspect that is in 

critical decline in many regions of the world, particularly in Mediterranean ecosystems. Biochar may 

offer a new strategy for restoring carbon to depleted soils, and concomitantly sequestering significant 

amounts of CO2. Biochar can act as a soil conditioner enhancing plant growth by supplying and, more 

importantly, retaining nutrients and by providing other services such as improving soil physical and 

biological properties (Lehmann et al., 2003). However, it has to be taken into account that after the 

amendments or the fire recurrence cease, the fraction of the easily degradable additional carbon is lost 

rapidly (Parat et al., 2007). Therefore, the sustainability and the beneficial effects of such products is 

still not clear and needs to be tested. An important issue concerns the turnover times of biochar and 

chars after their incorporation into SOM.ls, since some authors have evidenced that pyrogenic OM 

forms (including biochars) are less recalcitrant than generally assumed (Hilscher et al., 2009; De la 

Rosa and Knicker, 2011). This may be due to the fact that char and biochar produced at temperatures 

below < 700°C contain an aromatic network which is less condensated than formerly stated (Knicker 

et al. 2005). In addition, char of N-rich sources can contain so called Black Nitrogen as an integral part 

of the chemical structure (Knicker, 2010) mainly in form of N-heteroaromatic entities. Originally, 

such structures are associated with low bioavailability  (Knicker and Skjemstad, 2000), but , Recent 

studies evidenced that  in soils, heterocyclic N of pyrogenic OM can be less stable than peptide-like N 

(Hilscher and Knicker, 2011). Hence, the main goal of this research is the elucidation of the potential 

of selected biochars and other PyOM-rich materials to contribute or to decrease CO2 emission and thus 

to C sequestration in typical Mediterranean agricultural soils. 

The humification efficiency and the C-sequestration potential of biochars and other forms of 

carbonized biomass are a result of complex interactions between substrate, microbial population and 
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environmental factors and thus differ for different treatments. Therefore we are monitored the 

potential CO2 release from the biochars and other PyC-rich-material and of the respective amended 

soils in laboratory incubation experiments  by using a Respicond apparatus over a period of at least 3 

months. The latter is a sophisticated computerized respirometer based on the principle of using the 

change of conductivity of an electrolyte (KOH) for detecting CO2. 10 mg of dry sample material of 

biochar and selected Mediterranean agricultural soils will be incubated at 60% of the water holding 

capacity after inoculation with a microbial suspension. The obtained CO2 accumulation curve is fitted 

using a 2 exponential decay model which allows the differentiation between a fast and a slow pool and 

the calculation of the mean residence times of the respective material. 

Additionally, BC, the most refractory OC form, is quantified in both biochar and amended 

soils before and after the incubation experiment. Black C content is determined by an oxidative 

treatment with potassium dichromate and sulphuric acid of the HF-treated soils (0.1M K2Cr2O7/2M 

H2SO4 solution at 60 °C in an ultrasonic bath during 6 h). Analysis by means of solid-state NMR 

spectroscopy of the freeze-dried samples before and after incubation allows us to determine which C-

group is mostly affected by the degradation. Preliminary results confirmed a decrease of aromatic C, 

indicating that indeed charcoal experiences degradation. By contrasting the composition and 

quantifying BC in control and soils after biochar amendment will allow us to obtain the relative C-

sequestration potential of biochar and other PyC-rich-materials in agricultural soils under 

Mediterranean conditions. 

In order to achieve a better understanding of the differences in terms of C stability of the 

carbonized biomass materials, they will be characterised by elemental analysis and field emission 

scanning electron microscopy. 
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