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Summary 

 

The decomposition of plant litter is a key process for the functioning of ecosystems. It 

releases nutrients for plant growth, affects the amounts and properties of organic matter 

stored in soils and thereby regulates the C balance of many terrestrial ecosystems. Lignin is 

a major component of plant cell walls. Biodegradation of lignin is thought to be a critical 

control of litter decomposition. In a first part of this thesis (chapters 2 and 3) molecular 

lignin degradation patterns in decomposing leaf and needle litters were assessed using the 

CuO oxidation method and 13C-TMAH thermochemolysis. The results helped to improve 

knowledge on temporal patterns and controls of lignin degradation during litter 

decomposition. In the second part of the thesis (chapters 4 and 5) it was shown how lignin 

degradation processes in different temperate forests respond to altered plant litter inputs. 

The results of the second part contribute to research on effects of global climate change on 

soil organic matter dynamics. It is likely that increasing atmospheric CO2 levels and 

temperatures lead to enhanced plant litter production in many temperate regions. 

Regionally, litter inputs might also decrease when water becomes limiting for plant 

production. Knowledge on the response of decomposition processes to altered litter inputs 

is thus required for predictions of the future C balance of forests. 

Chapter 2 reported of the use of 13C-TMAH thermochemolysis to assess lignin degradation 

in decomposing leaves (ash, beech, maple) and needles (spruce, pine) exposed to 

decomposition for 27 months in litterbags at a German spruce forest site. 13C-TMAH 

thermochemolysis offered information on the nature of lignin degradation. Decreasing 
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yields of lignin derived phenols normalized to litter-C as well as increasing acid-to-

aldehyde ratios of products (indicative for lignin oxidation) indicated pronounced lignin 

degradation by wood-rot fungi during the first 12-27 months of field exposure. No 

indications for accrual of demethylated lignin through action of brown rot fungi were 

found. The results were compared with those of other analytical techniques applied in 

previous studies on the samples (CuO oxidation method; van Soest method). Similar to 13C-

TMAH thermochemolysis, CuO oxidation showed increasing lignin oxidation and no/little 

enrichment of lignin derived phenols in the litter. An important result was that molecular 

lignin degradation patterns (13C-TMAH thermochemolysis, CuO oxidation) did not match 

those deriving from analysis of total acid-unhydrolysable residues (AUR, assessed with 

van-Soest method), an approach which is traditionally used to study lignin degradation in 

plant litters. In particular, the results suggested that the long assumed selective preservation 

of lignin during the first months of litter decomposition, which bases on AUR analyses, is 

not supported by results of the CuO and 13C-TMAH method. 

Chapter 3 reported of a 2-year laboratory incubation experiment using litter of different 

decomposition degree derived from the litterbag experiment of Kalbitz et al. (2006) (i.e. 

field exposure for 0, 3, 12 and 27 months before laboratory incubation). Laboratory 

incubation allowed to extend the field experiment and to examine under controlled 

conditions how patterns of lignin degradation (CuO method) differ between early and later 

phases of the decomposition process. Furthermore, laboratory incubation enabled to study 

relationships between lignin degradation, production of dissolved organic matter (DOM; 

assessed in this study as amounts of dissolved organic C extracted from the litter with 

ultrapure water) and evolution of CO2 during litter decomposition. Results showed strong 
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lignin degradation during the first 200 days of laboratory incubation. Thereafter lignin 

degradation levelled off. This pattern was similar for fresh and decomposed litter. 

Production of DOM and CO2 also peaked in the first period of the incubation but were not 

interrelated. In the later phase of incubation, CO2 production was positively correlated with 

DOM, suggesting that bioavailable, soluble compounds became a limiting factor for CO2 

production. Lignin degradation occurred only when CO2 production was high, and not 

limited by bioavailable compounds. Overall, the results of chapters 2 and 3 challenge the 

traditional view regarding the fate and role of lignin during litter decomposition. Lignin 

degradation is a co-metabolic process and thus controlled by the availability of easily 

decomposable carbon sources. Consequently, it occurs particularly in the initial phase of 

litter decomposition and is hampered at later stages if easily decomposable resources 

decline. Slow rates of litter decomposition during later phases (i.e. in lower parts of the 

forest floor or horizons) might in part be explained by slow lignin degradation due to 

limited availability of easily degradable organic compounds.  

From the results of chapter 3 also follows that limited supply of easily degradable 

compounds might be an important stabilization mechanism for lignin in certain forest soils. 

Environmental factors which change the fluxes of easily degradable compounds within 

forest floors and mineral topsoils might largely affect the rates of lignin degradation. An 

example for such a factor is altered plant litter production. The effects of altered litter 

inputs on lignin degradation in different temperate forests were therefore studied in the 

second part of this thesis.  

Chapter 4 reported of effects of litter-fall exclusion (during the snow-free period) and 

doubling litter-fall inputs for 6 years on dissolved organic matter (DOM; collected in this 
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study with tension lysimeter plates) as well as dissolved inorganic nitrogen in forest floor 

leachates at a German spruce site. Litter exclusion did not change fluxes of dissolved 

organic C (DOC) and N (DON), thus 20% of the annual litter fall during winter was 

sufficient to maintain fluxes. Doubling litter inputs increased DOC and DON fluxes. For 

example, cumulated fluxes of DOC over 6 years doubling litter input increased in average 

by 75% (Oi leachate), 52% (Oe) and 25% (Oa). UV and fluorescence spectroscopy 

indicated enhanced amounts of dissolved organic matter leached from fresh litter in Oa 

leachates starting after 3 years of doubling litter input. In contrast to results from a 

beech/oak site in Germany (Kalbitz et al. 2007) no indications for enhanced production of 

dissolved organic matter from increased lignin degradation in the lower parts of the forest 

floor were found. The proposed reason was that microbial activity in the mor-type forest 

floor of the studied spruce forest was not limited in carbon. Co-metabolic lignin 

degradation was thus not affected by increasing inputs of easily degradable C sources with 

fresh litter material. The response of lignin degradation and properties of dissolved organic 

matter in the forest floor to expected increasing litter inputs upon climate change thus 

seems to depend on status of C availability.  

Chapter 5 reported of the effects of litter manipulation (exclusion of litter-fall and/or roots; 

doubling litter inputs) on lignin properties (assessed with the CuO method) in mineral 

topsoils (0-20 cm depth) of a beech/oak site in Germany (‘Steinkreuz’ site; 8 years of 

manipulation) and a maple/cherry forest in Pennsylvania (‘Bousson’ site; 16 years of 

manipulation). Data on soil C contents, C distribution over density fractions, traits of the 

microbial community, and fluxes of dissolved organic matter (DOM), was used to unravel 

effects on lignin caused by changed input of recent lignin and/or lignin degradation. Based 
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upon the presented results it was proposed that type of forest floor determines the 

relationship between litter input and lignin turnover. For moder-type forest floors 

(Steinkreuz), litter exclusion changed the major pathway of organic matter input into A 

horizons from DOM to forest floor-derived organic particles. This resulted in increasing 

contribution of fungal vs. bacterial cell wall components (amino sugars) to soil organic 

matter and lignin degradation (higher acid-to-aldehyde ratios of lignin phenols) in A 

horizons. In contrast, increasing DOM input by doubling litter input did not affect lignin 

properties and fungi-to-bacteria ratios. Thus, the form of organic matter input and the 

microbial community seemed to control lignin degradation in A horizons. Both factors were 

closely linked and determine the share of energy-rich organic matter fuelling co-metabolic 

lignin degradation. The general input patterns apparently did not change upon litter 

exclusion for A horizons under thin mull-type forest floors (Bousson). Fungi-to-bacteria 

ratios were not affected and decreased input of organic particles resulted in lignin being 

more oxidized. For A horizons under mull-type forest floors, doubling litter input may 

result in increased input of organic particles, which degrade rapidly, without effects on 

lignin. Overall, the results suggest that increasing litter production due to global change 

unlikely affect the degradation of lignin in the mineral topsoils. 

If soil carbon storage increases with increasing plant productivity of temperate forests, it 

might help to slow the increase in atmospheric CO2 levels due to anthropogenic emissions. 

The research on the litter manipulation experiments may help to evaluate how lignin 

storage in forest floors and mineral topsoils changes with increasing litter inputs. Lignin 

storage might increase with litter fall in forests with mor-type forest floor. Degradation 

processes in these systems are not limited by C/energy sources but by other essential 
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nutrients. Therefore it is unlikely that enhanced leaching of easily degradable organic 

matter upon increasing litter inputs will affect co-metabolic lignin degradation. In contrast, 

lignin storage might not increase with litter inputs in forests with moder-type forest floor 

because enhanced leaching of easily degradable compounds seems to trigger the rates of co-

metabolic lignin degradation in the lower parts of the forest floor (Kalbitz et al. 2007). Also 

in forests with mull type forest floors, it seems unlikely that lignin storage increases with 

litter inputs. Due to the extensive mixing of fresh and older organic matter via bioturbation, 

limitation of co-substrates is not an important factor for lignin stabilization in the forest 

floor and mineral topsoils. Rather interactions with minerals might be the major 

stabilization mechanism for lignin. Data presented in chapter 5 however suggested that no 

additional lignin of aboveground litter was sequestered in the mineral topsoil despite 16 

years of doubling litter fall inputs at a forest site with mull type forest floor. 

 

 


