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Abstract  

Global change scenarios predict increasing productivity of temperate forests. The response 

of soil organic matter (SOM), with lignin being an important component, is critical for 

future carbon (C) balances of these ecosystems.  

Lignin composition was analyzed with the CuO method in mineral topsoils (0–20 cm 

depth) of two temperate forest sites with manipulated litter inputs (doubling/ exclusion of 

litter and/or roots) for either 8 or 16 years. 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.  

It seems that type of forest floor determines the relationship between litter input and lignin 

turnover. For moder-type forest floors, 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 fungi-to-bacteria ratios and lignin degradation (higher acid-to-

aldehyde ratios of lignin phenols) in A horizons. Increased 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 lignin degradation. The general input patterns did not change upon litter 

exclusion for A horizons under thin mull-type forest floor. Fungi-to-bacteria ratios were not 

affected and the 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, our 
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results suggest that increasing litter production due to global change will hardly affect the 

degradation of lignin stored in the mineral soils.  

 

5.1 Introduction 

 

Soil organic matter (SOM) is one of Earth’s major carbon (C) reservoirs. Formation and 

degradation of SOM plays a key role for the C balance of ecosystems. Rising atmospheric 

temperatures and CO2 levels likely increase the plant productivity of many temperate 

forests (Heimann and Reichstein, 2008). It might, however, decline regionally if water 

becomes limiting. Effects of altered litter input (leaves and roots) on the stability of SOM 

are not well known, thus, it is difficult to predict how the C balance of temperate forest 

responds to altered plant productivity (Nadelhoffer et al., 2004; Crow et al., 2009a).  

Few field experiments addressed effects of litter input on the stability of SOM. Soil 

respiration measurements in a coniferous forest in Oregon (USA) suggested accelerated 

CO2 losses from older SOM upon litter addition (Sulzman et al., 2005; Crow et al., 2009b). 

Sources and mechanisms for the additional CO2 production at this site are however 

uncertain (Crow et al., 2009b). Consequences on long-term SOM storage can be expected if 

litter input affects the degradation rates of recalcitrant SOM components. Lignin is thought 

to be among the recalcitrant components of plant litter (e.g. Derenne and Largeau 2000). 

Lignin degradation processes are assumed to be critical for degradation rates of plant 

residues (e.g. Berg 2000). Lignin is a major organic component of plant cell walls and 

forms about 20% of the plant biomass input to soils (Thevenot et al., 2010). Furthermore 
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lignin physically protects the cellulose of plant cell walls, which can only be accessed upon 

lignin degradation (Kirk and Farrell 1987). Consequently, changes in lignin degradation 

processes might affect the amounts of plant residues stored in forest floors and mineral 

topsoils.  

Microbial lignin degradation is thought to be a co-metabolic process, i.e. it requires the 

supply of other easily degradable organic matter (co-substrates) as C and energy source 

(Kirk and Farrell, 1987; Klotzbücher et al. 2011). Hence, altered litter inputs might affect 

lignin degradation processes in soils by changing the fluxes of easily degradable co-

substrates. For example, root litter might be an important source for easily degradable 

compounds in mineral topsoils, whereas altered litter fall can affect the fluxes of dissolved 

organic matter from the forest floor to the mineral topsoils (Lajtha et al. 2005; Kalbitz et al. 

2007), which might be a major source of easily degradable compounds in mineral topsoils 

(Marschner and Kalbitz 2003). Furthermore, lignin can only be degraded by specialized 

microorganisms, whereas fungi are thought to be the main degraders (Kirk and Farrell, 

1987; Osono, 2007). Hence litter inputs might affect lignin degradation in soils by changing 

the abundance and activity of fungi (Brant et al., 2006 a, b; Sayer, 2006). 

We investigated the lignin signature with the CuO oxidation method in mineral topsoils of 

two long-term litter input manipulation experiments (exclusion of litter fall and/or roots; 

doubling litter fall) at deciduous forests sites in Germany (‘Steinkreuz’) and Pennsylvania 

(‘Bousson’). The lignin signature is affected by inputs of lignin and degradation processes. 

We attempt to distinguish between these two processes using data on soil C contents and 

distribution over density fractions and fluxes of dissolved organic matter (DOM). Two 

hypotheses for controls on lignin degradation upon litter manipulation are discussed: (1) 
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Lignin degradation increases with input of energy-rich organic compounds contained in 

recent organic matter; (2) lignin degradation changes with properties of the microbial 

community. Emphasis was thereby placed on changes in fungi-to-bacteria ratios (assessed 

by analysis of soil amino sugars) and in the ability of the decomposer community to use 

energy-rich organic substrates for co-metabolic SOM degradation (assessed in short 

laboratory incubations). 

5.2 Material and Methods 

Study sites 

The Steinkreuz site is located in Bavaria, Germany (49º52’N, 10º27’E; elevation 400–460 

m a.s.l.), in a 140-year-old hardwood stand composed to about 75% of European beech 

(Fagus sylvatica L.) and to 25% of sessile oak (Quercus petraea (Matt.) Liebl.). 

(Gerstberger et al. 2004). Mean annual temperature is 7.5 ºC, annual precipitation averages 

750 mm. Litterfall is 1456 kg C ha-1 year-1 (Berg and Gerstberger, 2004). Soils are sandy to 

loamy Inceptisols (USDA Soil Taxonomy), developed on sandstones. The forest floor is 

about 4 cm thick and is moder-type.

The Bousson site is located in the Pennsylvania, USA (41º36’N, 80º3’W; elevation 381 m 

a.s.l.), in an 80-year-old hardwood stand. It is dominated by black cherry (Prunus seròtina

Ehrh.) which comprises 60 % and sugar maple (Acer saccharum Marsh.) which comprises 

28 % of aboveground biomass (Bowden et al. 2000). In the understory American beech 

(Fagus grandifolia Ehrh.) and oak (Quercus rubra L.) occur as secondary species. Litterfall 

is 2100 kg C ha–1 year–1 (Crow et al., 2009a). Mean annual temperature is 8.3 ºC, annual 
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precipitation averages 1050 mm. Soils are coarse loamy Alfisols derived from glacial till 

overlying shale and sandstone. The mull-type forest floor is 2–4 cm thick. This forest exists 

in what had been a predominantly agricultural landscape in the early 1900s. However, pit 

and mound topography and lack of an Ap horizon indicate it was never plowed.  

 

Litter manipulation experiments, sample collection and treatment 

The treatment plots were established in 1999 at Steinkreuz, and in 1991 at Bousson. 

Treatments at both sites include controls with the normal litter inputs, exclusion of 

aboveground litterfall (“No Litter”) and doubling aboveground litterfall (“Double Litter”) 

(Table 5.1). Additional treatments at Bousson include exclusion of roots (“No Roots”) and 

exclusion of both aboveground litter and roots (“No Inputs”). At Steinkreuz, for each 

treatment four spatially replicated plots (2 × 2 m; 1 m distance between plots) were 

established. Aboveground litter was excluded at Steinkreuz by placing a roof-shaped litter 

trap composed of a wooden frame, cover net and side nets (2 × 2 m) over the plot area 

during the period of main litterfall. All excluded litter was transferred to the Double Litter 

plots, except for woody debris of a diameter of >1 cm. At Bousson, three spatially 

replicated plots (2 × 2 m) per treatment were established. Aboveground litterfall was 

excluded using screens during autumnal senescence; during the rest of the year, litterfall 

was removed by hand from the plots. Litter from the No-Litter plots was added to either the 

Double Litter plots, or was removed from the site. To exclude roots, soil was trenched to a 

depth of 1.3 m, and plastic root barriers were installed.  

 



Chapter 5 

 99 

Table 5.1 Overview to litter manipulation treatments. No Roots and No Inputs treatments 
were established only at the Bousson site. 

Treatment Steinkreuz Bousson Method 
Control X X Normal litter inputs 
Double Litter X X Doubled inputs of aboveground litter fall 
No Litter X X Aboveground litter fall excluded by nets 
No Roots  X Root litter input excluded by trenching and 

installation of vertical plates 
No Inputs  X Combined exclusion of aboveground litter fall 

and root litter 
 

 

 

Samples were collected in April 2007 at Steinkreuz. Mineral soil was sampled with metal 

corer (8.5 cm diameter). Three samples were taken per plot and divided in the field into 

three depth increments: A horizon (top 3–8 cm of mineral soil), B horizon to a depth of 10 

cm, B horizon 10–20 cm depth. Samples were homogenized by sieving (<2 mm), dried (40 

ºC), and then pooled (same soil mass for each column) into one composite sample per depth 

per plot (n=4 per treatment) for analysis of C/N, lignin and amino sugars, or one composite 

sample per treatment for laboratory incubation experiments (see below). At Bousson, 

samples were taken with a corer (1.8 cm diameter). Four separate samples per plot were 

taken, divided into 0–5, 5–10 cm (A horizon) and 10–20 cm (primarily B horizon) depth 

increments and then pooled to obtain one composite sample per depth per plot (n=3 per 

treatment). Samples were sieved (<2 mm) and dried (40 ºC). Also fresh leave and needle 

litter of the dominant species and a mixed root sample (<1 cm diameter) were sampled at 

both sites and dried (40 ºC). Litter and soil samples were ball-milled to a fine powder for 

analysis of C/N, lignin and amino sugars.  
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Density fractionation 

We determined the distribution of carbon among density fractions in order to estimate the 

potential impact of plant debris on lignin composition in the test mineral soils. Density 

fractionation data for the Bousson site (0–5 cm depth) is presented in Crow et al. (2009a). 

The applied density fractionation scheme separates three fractions of organic matter (OM) 

according to degree of interaction with minerals: no interaction, i.e., OM floating in the 

density solution without disruption of aggregates (free light fraction, F-LF); physically 

protected within aggregates, i.e., OM floating only after dispersion (occluded light fraction, 

O-LF); organic–mineral association, i.e., OM not floating and remaining in the sediment 

(heavy fraction, HF).  

Density fractionation of mineral soil material of the Steinkreuz site (<2 mm) was carried 

out using C and N-free Na polytungstate (NaPT; Tungsten Compounds, Grub am Forst, 

Germany) solutions of a density of 1.6 g cm–3 (Christensen, 1992; Wander, 2004; Crow et 

al., 2007). The procedure included ultrasonic dispersion to break down aggregates and to 

release occluded OM (O-LF). To separate predominantly organic O-LF, the intensity of 

dispersion was adapted to the type of soil, by testing two samples at different of sonication 

levels (100, 200, 300, 400 J ml–1; output of energy calibrated calorimetrically according to 

Schmidt et al., 1999). The C and N content of the obtained fractions was used to assess the 

energy input (here 200 J ml–1) suitable to achieve complete release of O-LF without mineral 

“contamination”. Thereafter, all samples were fractionated using the following procedure: 

125 ml of the NaPT solution were added to 25 g soil. The suspension was shaken gently 

and then allowed to stand for one hour. After centrifugation at 5600 g for 20 minutes, the 

floating free light fraction (F-LF) was separated by filtering the supernatant through glass 
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fiber filters (GF 6, Whatman GmbH, Dassel, Germany). The settled soil material was 

ultrasonically dispersed in NaPT solution (density: 1.6 g cm–3; soil-to-solution ratio: 1:5) by 

applying 200 J ml–1, then allowed to stand for one hour, centrifuged at 6800 g for 20 

minutes and, similar as for the F-LF, the occluded light fraction (O-LF) was separated by 

removal and filtration (GF 6 filters, Whatman GmbH, Dassel, Germany) of the supernatant. 

F-LF and O-LF fractions were washed with deionized water until the electrical conductivity 

was <50 μS cm–1, then oven dried at 40°C to constant weight. The remaining soil material 

of a density >1.6 g cm–3 (heavy fraction, HF), containing mineral-associated OM, was also 

washed with deionized water until the electrical conductivity was <50 μS cm–1, then freeze 

dried. Density fractionation was done twice per sample, and all fractions were analyzed for 

C and N contents.  

 

Lignin analysis with CuO oxidation method 

Lignin-derived phenols were determined using alkaline CuO oxidation at 170 °C for two 

hours (Hedges and Ertel, 1982), followed by solid-phase extraction with C-18 columns 

(Mallinckrodt Baker Corp., Phillipsburg, NJ, USA). Phenols were eluted with ethyl acetate, 

dried under N2, and derivatized with a 1:1 mixture of pyridine and N,O-bis(trimethysilyl) 

trifluoroacetamide. The trimethylsilyl derivatives were separated and quantified using a gas 

chromatograph equipped with a mass-sensitive detector (GC/QP-2100, Shimadzu Corp., 

Kyoto, Japan) and an SPB-5 fused silica capillary column (30 m length, 0.25 mm inner 

diameter, 0.25-mm film; Supelco, Bellefonte, PA, USA). Lignin phenols were identified by 

target ions and quantified according to response factors of external phenol standards. 

Ethylvanillin was added as an internal recovery standard prior to the CuO oxidation and 
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phenylacetic acid before derivatization. CuO oxidation of lignin yields a suit of phenolic 

products (vanillyl, syringyl and cinnamyl units). Vanillyl (V) and syringyl (S) units may be 

present as aldehydes, carboxylic acids and ketones, cinnamyl (C) compounds are p-

coumaric acid and ferulic acid. The sum of these phenolic compounds (VSC) is indicative 

of the lignin content. The concentrations of VSC normalized to soil C content should 

indicate whether lignin is particularly preserved or degraded in relation to the bulk of the 

other components of SOM. The ratio between vanillic acid and vanillin ([Ac/Al]V) or 

syringic acid and syringaldehyde ([Ac/Al]S) can be used as indicator for degradation state 

of the lignin in a sample and the S/V or C/V ratios are used as indicators of lignin source 

(e.g., Otto and Simpson, 2006).  

 

Amino sugar analysis 

Amino sugar analysis was used to assess the fungi-to-bacteria ratio in the soil (Glaser et al., 

2004). Amino sugars are cell wall components of microorganisms, with contents of 

individual amino sugars differ between fungal and bacterial cell walls. Ratios of 

glucosamine (GlcN) or galactosamine (GalN) to muramic acid (MurAc) as well as of GlcN 

to GalN are indicative for the fungi-to-bacteria ratio (Glaser et al., 2004; Joergensen and 

Wichern, 2008). Since litter manipulation had little effects on lignin at 10–20 cm depth, we 

decided to use only samples to 10 cm depth.  

The amino sugars GlcN, ManN, GalN and MurAc were analyzed with minor modifications 

according to Zhang and Amelung (1996). Soil samples (mass equivalent to 0.5 mg N) were 

hydrolyzed for 8 hours in 6 M HCl at 105 ºC. After cooling, the hydrolyzate was filtered 

through a glass fiber filter (GF 6, Whatman GmbH, Dassel, Germany) and the filtrate was 
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dried by rotary evaporation. The residue was re-dissolved in 20 ml ultrapure water and the 

pH adjusted to 6.6–6.8. Precipitates were removed by centrifugation (6800 g, 15 minutes, 

room temperature), and then the supernatant was freeze-dried. The residue was re-dissolved 

in 5 ml methanol and centrifuged (5600 g, 15 minutes, room temperature) to remove salts. 

The solution with the amino sugar fraction was transferred to a 5-ml reaction vial and 

methyl-glucosamine was added as internal standard. Methanol was evaporated by air. 

Samples were re-dissolved in 1 ml ultrapure water and freeze-dried over night.  

The amino sugars were transformed into aldonitrile derivates according to Guerrant and 

Moss (1984) and analyzed using a Shimadzu 2010 gas chromatograph equipped with a 

flame ionization detector. A fused silica capillary column (Equity 5, Supelco: 60 m length, 

0.25 mm inner diameter, 0.25-mm film) was used for separation. Amino sugars were 

identified and quantified according to response of external standards. 

 

Carbon contents 

A CNS analyzer (Vario EL, Elementar Analysensysteme, Hanau, Germany) was used to 

determine the C and N contents of vegetation and soil samples.  

 

Laboratory incubations to determine metabolic capabilities of the microbial community 

Composite samples (<2 mm) from the litter manipulation treatments at Steinkreuz were 

used for short-term laboratory incubation experiments. Three replicates of each composite 

sample were incubated.  

A short-term incubation was conducted to determine the effects of litter manipulation at the 

Steinkreuz site on CO2 evolution from the soil. About 20 grams of soil were re-wetted 
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(50%, 65% and 43% of maximum water holding capacity for samples from A horizon, B 

horizon to 10 cm depth, B horizon 10–20 cm depth, respectively) and incubated for 26 days 

at 20 ºC in the dark in a Respicond apparatus (Nordgren Innovations, Bygdeå, Sweden). 

Analysis of CO2 is based on hourly measurements of the electrical conductivity in 10 ml of 

0.6 M KOH solution placed inside the Respicond vessels. For detailed description of the 

Respicond method, see Nordgren (1988).  

A second laboratory experiment was conducted to test for priming effects upon addition of 

fructose and catechol, as well as mineralization of those substrates. The first incubation 

experiment revealed pronounced differences among the litter manipulation treatments in the 

A horizon and in the 10–20 cm B horizon depth. We, thus, incubated only these two depth 

increments. Soils were re-wetted and pre-incubated at 20 °C for two weeks. Then 1 ml of 

either ultrapure water or substrate solutions containing a mixture of unlabeled and 

uniformly 14C-labeled fructose or catechol in ultrapure water was added. The added 

substrate equaled 13.3 μg C g–1 soil C. Added radioactivity was 6300–7500 Bq per beaker. 

Water content of the soil was 60% of maximum water-holding capacity. Samples were 

incubated for 7 days at 20 °C in a Respicond apparatus to measure CO2 evolution. To 

distinguish between CO2 evolved by respiration of added substrates and of SOM, we 

determined 14C-labelled CO2 trapped in the KOH solution after 2, 4, and 7 days by liquid 

scintillation counting (LS 6000 TA, Beckman, Inc., Brea, CA, USA). Details on the 

methodology are given in Hamer and Marschner (2002).  

Priming effects after 7 days of incubation were calculated by following equation (Hamer 

and Marschner, 2002): 
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Priming effect [%]=((CO2-C Substrate added – CO2-C Control)/ CO2-C Control) 

 

In this equation CO2-C Substrate added and CO2-C Control are the cumulative evolution of CO2 

from SOM when fructose/catechol were added or no substrates were added (control).  

 

Statistics 

For all parameters presented, one-way ANOVA followed by Tukey HSD post-hoc analysis 

was used to test for significance of differences between the litter manipulation treatments 

and controls. We report differences as significant if p<0.05. The Statistica 99 software 

(Statsoft, Hamburg, Germany) was used for all statistical calculations. 

 
 

5.3 Results 

 

Carbon concentrations and distribution over density fractions 

At the Steinkreuz site, soil C concentrations significantly differed among treatments in the 

B horizon in 10–20 cm depth only. There they were larger for samples from the Double 

Litter plots than for Control (p=0.01) and No Litter plots (p=0.01) (Table 5.2). At Bousson, 

significant differences in C concentrations were found in 0–5 cm depth of the A horizon. 

They were smaller for samples from the No Litter plots than those of Controls (p=0.02) and 

Double Litter plots (p=0.02) (Table 5.2). 

Mass of individual density fraction (Table 5.3) did not vary significantly among treatments 

in A horizons and B horizons to 10 cm depth at the Steinkreuz site. At 10–20 cm depth, the 
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mass of the heavy fraction of the Double Litter treatment was significantly smaller than of 

the Controls (p=0.03). For A horizons, the portion of C with the free light fraction (% of 

total soil C) was larger than for the Controls (p=0.01) (Table 5.3).  

 
 
Table 5.2 Carbon concentrations and C/N (mass ratios) of bulk samples of soils with 
manipulated litter inputs at the Steinkreuz and Bousson site. Number given are means and 
standard error (brackets) of n=3 (Bousson) and n=4 (Steinkreuz) spatial replicates (pooled 
samples per research plot). Values followed by different letters are significantly different 
(p<0.05, Tuckey HSD). 
 

 Steinkreuz  Bousson 

 Control Double 
Litter 

No 
Litter 

 Control Double 
Litter 

No 
Litter 

No 
Roots 

No 
Input 

  
A horizon 

  
0–5 cm depth (A horizon) 

C 
[%] 

5.7  
(0.7) 

5.9  
(1.0) 

7.4  
(0.6) 

 7.3  
(0.4)a 

7.4  
(0.6)a 

5.1  
(0.2)b 

7.0  
(0.4)ab 

5.9 
(0.3)ab 

C/N 18.7 
(0.7) 

19.6 
(0.8) 

18.5 
(0.9) 

 12.9  
(0.8) 

13.6  
(0.2) 

13.6  
(0.7) 

13.5  
(0.1) 

11.6  
(0.4) 

  
B horizon to 10 cm depth 

  
5–10 cm depth (A horizon) 

C 
[%] 

1.8  
(0.2) 

1.9  
(0.1) 

1.7  
(0.2) 

 5.2  
(0.4) 

3.9  
(0.2) 

3.8  
(0.1) 

4.1  
(0.4) 

4.8  
(0.5) 

C/N 24.7 
(0.6) 

25.6 
(1.0) 

23.1  
(1.1) 

 12.3  
(0.9) 

11.9  
(1.3) 

13.3  
(0.7) 

13.1  
(0.2) 

12.7  
(0.6) 

  
B horizon to 10–20 cm depth 

  
10–20 cm depth (B horizon) 

C 
[%] 

1.0 
(0.1)a 

1.5 
(0.1)b 

1.1  
(0.1)a 

 4.0  
(0.4) 

2.9  
(0.3) 

2.5  
(0.6) 

3.4  
(0.1) 

3.9 
(0.3) 

C/N 26.8 
(0.7) 

27.4 
(0.8) 

25.5  
(0.9) 

 12.0  
(1.0) 

12.7  
(0.4) 

11.3  
(2.4) 

13.0  
(0.2) 

12.8  
(0.5) 

 



 

 

Table 5.3 Mass of density fractions and distribution of carbon over density fractions of soils exposed to litter manipulation at the 
Steinkreuz site. Numbers given are means and standard error (brackets) of n=4 spatial replicates (research plot). Values followed by 
different letters are significantly different (p<0.05, Tuckey HSD). 

 C content 
bulk 

samples 

Free light fraction (F LF) Occluded light fraction (O LF) Heavy fraction (HF) 

  
mg g-–1 

Mass 
mg g–1 

C 
mg g–1 

% of 
total C 

Mass 
mg g–1 

C 
mg g–1 

% of total 
C 

Mass 
mg g–1 

C 
mg g–1 

% of 
total 

C 
Ah horizon          
Control 56.6  

(6.5) 
36.7 

(10.1) 
12.6  
(3.6) 

22.4 
(3.2)a 

36.9 
(6.6) 

15.7 
(2.6) 

28.8  
(1.1)ab 

911.6  
(18.2) 

25.4 
(1.4) 

48.8 
(4.2) 

Double Litter 59.1  
(9.8) 

46.0 
(12.7) 

16.1  
(5.2) 

26.6 
(4.3)ab 

47.4 
(12.7) 

19.5 
(5.1) 

33.6  
(3.4)a 

882.2  
(24.9) 

20.8 
(2.8) 

39.8 
(7.1) 

No Litter 73.6  
(5.5) 

73.2 
(6.3) 

26.7  
(2.5) 

39.2 
(1.6)b 

36.9 
(8.3) 

14.7 
(2.6) 

21.6  
(3.3)b 

871.1  
(13.0) 

26.8 
(3.8) 

39.3 
(4.6) 

B horizon to 10 cm depth         
Control 18.3  

(2.2) 
6.8  

(0.7) 
2.2  

(0.2) 
13.3 
(0.8) 

3.4  
(0.7) 

1.5  
(0.3) 

9.0  
(1.2) 

978.9  
(2.1) 

12.8 
(1.5) 

77.7 
(1.2) 

Double Litter 18.8  
(1.3) 

8.5  
(1.1) 

3.0  
(0.4) 

17.0 
(1.8) 

4.0  
(1.0) 

1.9  
(0.5) 

10.4  
(4.3) 

975.1  
(2.4) 

12.6 
(0.8) 

72.6 
(3.7) 

No Litter 16.6  
(2.1) 

6.2  
(1.2) 

2.1  
(0.4) 

13.7 
(0.9) 

3.7  
(1.2) 

1.7  
(0.5) 

10.1  
(3.5) 

980.6  
(1.9) 

11.5 
(1.1) 

76.2 
(3.0) 

B horizon 10-20 cm depth         
Control 10.7  

(0.9) 
4.13 
(0.5) 

1.33  
(0.2) 

14.0 
(1.6) 

3.2  
(0.3) 

1.3  
(0.1) 

13.7  
(1.7) 

984.7  
(1.7)a 

6.9 
(0.6)a 

72.3 
(3.2) 

Double Litter 10.0  
(0.9) 

6.28 
(0.7) 

2.10  
(0.3) 

15.3 
(1.5) 

3.2  
(0.4) 

1.4  
(0.3) 

10.3  
(1.5) 

977.2  
(2.0)b 

10.2 
(0.5)b 

74.4 
(1.3) 

No Litter 15.0  
(0.8) 

4.45 
(0.7) 

1.51  
(0.2) 

14.8 
(1.5) 

3.1  
(0.8) 

1.3  
(0.3) 

12.1  
(2.2) 

982.3  
(1.1)ab 

7.4 
(0.6)a 

73.1 
(1.4) 
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Lignin-derived phenols 

Concentrations of lignin-derived phenols in fresh foliar litter and roots ranged from 69-97 

mg VSC g–1 C at Steinkreuz and 31–106 mg VSC g–1 C at Bousson (Table 5.4). For the 

Steinkreuz site, we have data on the composition of dissolved organic matter (DOM) 

leached from the forest floor to the mineral topsoil; it contained 36 mg VSC g–1 C on 

average (Table 5.4; data by Kalbitz et al., 2007).  

Compared to fresh litter materials, VSC concentrations of the mineral topsoils (0–20 cm 

depth) were smaller (see Figure 5.1, 5.2). Litter manipulation had no significant effect on 

VSC concentrations in the top 20 cm of the mineral soil, neither at Steinkreuz nor at 

Bousson.  

At Steinkreuz, significantly higher [Ac/Al]V (p<0.01) and [Ac/Al]S (p<0.01) ratios were 

found at the No Litter plots than for the Control plots in the A horizon (Figure 5.1). At 

Bousson, the [Ac/Al]V ratio was significantly higher at 0–5 cm for the No Inputs treatment 

than for the Control (p=0.02).  

Ratios of S/V and C/V differed between the different types of litter (Table 5.4; Figure 5.1 

and 5.2). Root litter had lower S/V and C/V ratios than leaf litter, except for leaves of sugar 

maple, which also had low S/V and C/V ratios. At Steinkreuz, S/V and C/V ratios in 

mineral soil were not significantly affected by litter manipulation (Figure 5.2). At Bousson, 

S/V ratios were significantly were higher at 10–20 cm depth for the No Roots and No 

Inputs treatment than for the Controls (both p=0.02, Tuckey HSD).  
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Table 5.4 Sum of lignin-derived VSC phenols, ratio of syringyl to vanillin (S/V) or 
cinnamyl phenols (C/V), acid-to-aldehyde ratio of vanillin units ([Ac/Al]V) and syringyl 
units ([Ac/Al]S) as determined by CuO oxidation of the main species leave or needle litter 
and a mixed root sample from the Steinkreuz and Bousson site. In addition, data on 
dissolved organic matter (DOM) in Oa horizon leachates of the Steinkreuz site is given (see 
Kalbitz et al., 2007). 
 

Sample type VSC 
phenols 

S/V C/V [Ac/Al]V [Ac/Al]S 

 [mg g–1 C]     

Steinkreuz      

Beech leaves 97 1.8 0.2 0.23 0.19 

Oak leaves 74 1.1 0.2 0.21 0.17 

Mixed roots 69 0.3 0.1 0.21 0.25 

DOM in leachates 
of Oa horizon 36 1.0 0.1 0.83 0.72 

Bousson forest      

Black cherry 31 2.2 0.6 0.21 0.23 

Sugar maple 53 0.6 0.1 0.19 0.21 

Red oak 66 1.0 0.3 0.17 0.17 

American beech 106 1.8 0.3 0.17 0.15 

White pine 69 0.2 0.2 0.18 0.78 

Mixed roots 53 0.3 0.1 0.23 0.31 
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Figure 5.1 Effect of 8 years litter manipulation at the Steinkreuz site on soil organic carbon (SOC)-
normalized contents of lignin-derived VSC phenols (top), acid-to-aldehyde ratios of vanillyl 
([Ac/Al]v) and syringyl ([Ac/Al]s) phenols (middle) and ratios of syringyl or cinnamyl to vanillyl 
(S/V; C/V) phenols (lower). Results are given as means with standard errors (A horizons: n=12, 3 
cores per 4 plots; B horizons: n=4, cores pooled per plot). P values derive from one-way ANOVA. 
Different letters (a, b) indicate treatments significantly different (p<0.05, Tuckey HSD, shown for 
VSC and acid-to-aldehyde ratios). 
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Figure 5.2 Effects of 16 years of litter manipulation at the Bousson site on soil organic carbon 
(SOC)-normalized contents of lignin-derived (VSC) phenols (top), acid-to-aldehyde ratios of the 
vanillyl ([Ac/Al]v) and syringyl ([Ac/Al]s) phenols (middle) and ratios of syringyl or cinnamyl to 
vanillyl (S/V; C/V) phenols (lower). Results are given as means with standard errors (n=3, spatial 
replicates). P values derive from one-way ANOVA. Different letters (a, b) indicate treatments 
significantly different (p<0.05, Tuckey HSD, shown for VSC and acid-to-aldehyde ratios).  
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Amino sugars and muramic acid 

At Steinkreuz, summed-up concentrations of the amino sugars glucosamine (GlcN), 

mannosamine (ManN), galactosamine (GalN) and of muramic acid (MurAc) normalized to 

soil C (mg g–1 C) were significantly affected by litter manipulation in the B horizon (to 10 

cm depth; Figure 5.3). They were smaller for the No Litter (p<0.001) and Double Litter 

(p<0.001) treatment than for the Control. At Bousson, no significant effects of litter 

manipulation were found (5.4). 

In all analyzed samples, the contents of individual amino sugars were in the order GlcN > 

GalN > MurAc > ManN (not shown). Only at the Steinkreuz site, we found significant 

effects of litter manipulation on the ratios of individual amino sugars. The GalN:MurAc 

ratio was increased at the No Litter plots in the A horizon (p=0.04; Figure 5.3). In the B 

horizon to 10 cm depth, we found a decrease in Glc:MurAc (p=0.03) and GalN:MurAc 

(p<0.05) ratios at Double Litter plots. Note, also the ManN:MurAc ratio can be used as 

indicator for the fungi-to-bacteria ratio (e.g., Glaser et al., 2004). However, for many 

samples ManN was either not detected or the contents were small (<0.1 mg g–1 soil C). 
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Figure 5.3 Soil organic carbon (SOC)-normalized contents of amino sugars (sum of 
glucosamine, manosamine, galactosamine) and muramic acid in soils exposed to 8 years of 
litter manipulation at Steinkreuz site (left). Ratios of glucosamine (GlcN) and 
galactosamine (GalN) to muramic acid (MurAc) indicate relative contributions of fungal 
and bacterial residues in soils (center, right). Results are given as means with standard 
errors (n=4; spatial replicates, 4 plots). P values derive from one-way ANOVA; different 
letters (a, b, ab) indicate significant differences between treatments (Tuckey HSD).  
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Figure 5.4 Soil organic carbon (SOC)-normalized contents of amino sugars (sum of 
glucosamine, manosamine, galactosamine) and muramic acid in soils exposed to 16 years 
of litter manipulation at the Bousson site (left). Ratios of glucosamine (GlcN) and 
galactosamine (GalN) to muramic acid (MurAc) indicate relative contributions of fungal 
and bacterial residues in soils (center, right). Results are given means with standard errors 
(n=3; spatial replicates, 3 plots). P values derive from one-way ANOVA. 
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CO2 evolution, microbial utilization and priming effects of fructose and catechol 

Evolution of CO2 from A horizon samples of the Steinkreuz site over 26 days of incubation 

was significantly smaller for the No Litter treatment than for the Controls (Table 5.5). No 

significant differences in CO2 evolution among litter manipulation treatments were found 

for samples of the B horizons.  

Between 42.2 and 52.4 % of the C added as fructose was mineralized in average during 7 

days in soil of the A horizons from Steinkreuz, whereas a smaller portion of 27.9-34.3 % 

was mineralized in samples from the B horizons (Table 5.5). In all samples C added with 

fructose was mineralized to a larger portion than C added as catechol, for which a portion 

of 7.7-12.7 %  were mineralized in samples from A horizons and 1.2-2.5 % in samples from 

B horizons. Significant effects of litter manipulation treatment on the extent of fructose 

mineralization were found for A horizons, where fructose mineralization was larger for 

samples from the Double Litter treatment plots than from Controls (p=0.02) and No Litter 

treatment plots (p=0.01). In contrast, mineralization of catechol in A horizon samples was 

significantly larger for samples from Controls than from Double Litter and No Litter 

treatment plots (p<0.01).  

The addition of fructose increased the mineralization of soil-C in average by 34.7-183.4% 

during the 7 days of the experiment in A horizons and by 84.2-223.6 % in B horizons from 

Steigerwald (positive priming effect) (Table 5.5). Catechol addition also increased 

mineralization of soil-C by 4.6-50.1% in samples from A horizons, but in B horizons 

increasing as well as decreasing soil-C mineralization (positive and negative priming 

effects) was noted upon catechol addition (-44.3 to + 21.0 %). Mineralization of soil-C 

upon addition of fructose and catechol was always larger for samples from the No Litter 
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treatment than from Control. These differences were all significant apart from that of 

catechol addition to 10–20 cm depth samples. Also in soils from the B horizons from 

Double Litter plots, fructose addition caused a significant increase in soil-C mineralization 

as compared with the Controls (p=0.01). 

Table 5.5 Evolution of CO2 during 26 days of incubation (Experiment 1) and 
mineralization of added fructose and catechol during 7 days of incubation (Experiment 2)
for samples of soils exposed to litter manipulation at the Steinkreuz site. In addition, 
priming effects induced by addition of fructose and catechol are given. Means and standard 
error of n=3 replicates. Values followed by different letters are significantly different 
(p<0.05, Tuckey HSD).

Experiment 1 Experiment 2

Accumulated 
CO2-C

production 
during 26 days 
[mgC g–1 C]

% of added 
fructose 

mineralized 

Priming after 
fructose 

addition [%]

% of added 
catechol 

mineralized

Priming 
after 

catechol 
addition 

[%]
Ah horizon
Control 23.0 (1.5)a 44.0 (0.8)a 54.1 (2.1)a 12.7 (0.5)a 4.6 (6.2)a

Double 
Litter 20.2 (0.8)ab 52.4 (1.1)b 34.7 (7.8)a 6.6 (0.2)b 12.2 (5.5)ab

No Litter 17.7 (1.1)b 42.2 (2.1)a 183.4 (14.2)b 7.7 (0.6)b 50.1 (12.9)b

B horizon to 10 cm depth
Control 19.0 (1.1) n.d. n.d. n.d. n.d.
Double 
Litter 18.9 (1.8) n.d. n.d. n.d. n.d.

No Litter 18.9 (1.8) n.d. n.d. n.d. n.d.
B horizon 10–20 cm depth
Control 16.3 (5.0) 27.9 (6.2) 84.2 (33.6)a 1.2 (0.3) -44.3 (17.3)
Double 
Litter 10.6 (0.8) 34.3 (0.3) 223.6 (14.7)b 1.2 (0.4) -22.3 (17.0)

No Litter 10.5 (1.2) 32.4 (1.4) 174.2 (11.1) ab 2.5 (0.5) 21.0 (27.4)
n.d. = not determined
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5.4 Discussion 

 

Lignin signature in the mineral topsoil – result of altered input of recent organic matter 

and/or changes in lignin degradation?  

Indicators for lignin degradation (VSC concentrations, Ac/Al ratios) in the mineral topsoils 

are affected by inputs of recent lignin and degradation processes. Recent lignin can enter 

the mineral soil with dissolved organic matter (DOM) from the forest floor (Kalbitz et al., 

2007) and with particulate organic matter (POM; e.g. litter debris fragments from forest 

floor material and from roots growing into the mineral soil). In general, the type of forest 

floor largely determines how organic material is transported to the mineral topsoil. The 

forest floor at Bousson is mull type. A mull type forest floor is indicative for a large 

biological activity. Freshly fallen litter material decomposes rapidly. Because of a large 

activity of soil animals most organic matter entering the mineral soil is with litter debris 

upon bioturbation (Ponge 2003). The forest floor at Steinkreuz is moder type. Litter 

decomposes slower and thus a thicker, permanent forest floor layer develops on top of the 

mineral topsoil. Bioturbation is less pronounced and so DOM is a main pathway for organic 

matter transport to the A horizons. Lower VSC concentrations and higher Ac/Al ratios in 

the mineral soil at Bousson suggested that lignin degradation might in general be larger in 

soils under mull than moder type forest floors (Fig.s 5.1 and 5.2).  

Leaching of DOM from the forest floor increased with input of plant litter at the Steinkreuz 

experiment (Kalbitz et al., 2007). Lignin phenols in DOM can be retained in the mineral 

topsoil by sorption to minerals or by (co-) precipitation with Al and Fe (Kalbitz and Kaiser, 

2008). We estimated the cumulated changes in input of dissolved organic C upon litter 
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manipulation to represent less than 3% of the C stored in the top 5 cm of the mineral topsoil 

at Steinkreuz (based on data by Kalbitz et al., 2007 and Gerstberger et al., 2004). Even if 

we assume larger DOM fluxes at Bousson (larger water fluxes due to larger precipitation), 

altered input of lignin phenols via DOM from the forest floor should have little to no direct 

effect on the lignin signature of bulk SOM at both sites.  

The distribution of carbon (C) over density fractions was not changed at the Double Litter 

plots in 0–10 cm depth at Steinkreuz (Table 5.3). This suggests debris inputs from the forest 

floor or by roots to be little affected by litter addition. At 10–20 cm depth (Steinkreuz site), 

C contents were increased, and the contribution of the heavy fraction to bulk soil C 

decreased at the Double Litter plots (Table 5.2, 5.3). The reason for this might be enhanced 

input of root litter. Carbon derived from recent roots should mainly contribute to the free 

and occluded free light fractions, presenting organic debris. Also the slight shifts in the 

lignin signature to lower C/V and S/V ratios at 10–20 cm depth (Figure 5.1) can be 

indicative for increased root litter input (Figure 5.1). However, these changes in lignin 

signature were not significant. Thus, we assume the altered input of recent roots hardly 

affected the VSC concentrations and Ac/Al ratios of lignin signature of bulk SOM. Overall, 

the data suggests that altered input of recent organic matter had little direct effects on lignin 

degradation indicators at the Double Litter plots. The unchanged indicators for lignin 

degradation parameters (Figure 5.1) therefore suggest that doubling litter inputs at 

Steinkreuz did not change the inputs, rates and pathways of lignin degradation processes in 

the mineral topsoil. 

We speculated that litter addition at sites with a mull-type forest floor might result in 

enhanced inputs of litter debris to the mineral topsoil via bioturbation. Carbon contents or 
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C/N ratios in the mineral topsoil were however not affected by doubling litter inputs for 16 

years at Bousson (Table 5.2). Also lignin properties in the mineral soil hardly changed 

(Figure 5.2). In line with our data, Crow et al. (2009a) found no significant effects of 12 

years of doubling litter inputs on distribution of C over density fractions or the lignin 

signature (also CuO method) in 0-5 cm depth of the mineral soil at Bousson. These results 

suggest (1) litter addition did not affect inputs of organic matter into the mineral topsoil or 

(2) the additional litter debris and recent lignin degraded rapidly already in the forest floor 

and/or in the mineral topsoil. Enhanced degradation of recent lignin could be due to 

increased input of energy-rich compounds contained in fresh litter, serving as substrates for 

enhanced co-metabolic lignin degradation. Our results further imply that doubling litter 

inputs for 16 years did not change the degradation rates for older lignin (i.e., stored in the 

mineral topsoil before the start of the experiment). 

Upon litter exclusion at Steinkreuz (No Litter plots), the portion of C with the free light 

fraction (% of total soil C) was significantly larger (Table 5.3). The reason for this might be 

an increased input of particulate organic matter (POM) into the mineral topsoil. The litter 

layer (Oi) vanished rapidly at the No Litter plots. Litter layers act as physical barriers for 

rainwater (Sayer, 2006), thus, prevent POM from the lower parts of the forest floor to be 

flushed into the A horizon by rainwater. Increased POM inputs from the forest floor might 

also explain the larger C contents in the A horizon at the No Litter plots (Table 5.2). 

However, increased plant litter debris from the forest floor should have caused lower Ac/Al 

ratios, due to the lower Ac/Al ratios of the lignin of forest floor material than of mineral 

topsoils (Rumpel et al., 2002; Otto and Simpson, 2006). Hence, the significantly higher 



Litter input effects on lignin in mineral topsoils 

120 

Ac/Al ratios at the No Litter plots (Figure 5.1) cannot be explained by inputs of litter debris 

from the forest floor, instead, they hint at stronger degradation of lignin in the A horizon.  

At Bousson, aboveground litter exclusion (No Litter) should decrease input of litter debris 

via bioturbation from the forest floor to the mineral topsoil. This can explain decreased C 

contents in the A horizon at the No Litter plots (Table 5.2). We assume that decreasing 

contribution of recent litter debris is also the main reason for the increased [Ac/Al]v ratios 

upon exclusion of aboveground and/or root litter at Bousson (significant for the No Input 

plots; Figure 5.2) as recent litter debris has lower [Ac/Al]v than bulk SOM stored in the 

mineral topsoil.  

In summary, under the moder type forest floor, doubling litter input led to enhanced DOM 

inputs to the A horizon, lignin degradation in the mineral topsoil was not changed. In 

contrast, decreasing litter input led to enhanced transport of organic particles to the A 

horizon. The lignin in A horizons showed a higher oxidation state (Ac/Al ratios) due to 

enhanced degradation of lignin stored in A horizons. In case of the mull type forest floor, 

doubling litter input did not change lignin properties in the mineral topsoil suggesting (1) 

litter addition did not change organic matter input to the mineral topsoil or (2) the 

additional recent lignin degraded quickly. The data further suggest that degradation of 

lignin already stored in the mineral soil was not affected by litter addition. Decreasing litter 

input led to decreased input of litter debris to the A horizon in case of mull. The lignin in 

the A horizon at the No Input plots showed therefore a higher oxidation state. 
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Controls for lignin degradation upon litter manipulation 

Lignin degradation, a co-metabolic process (Kirk and Farrell, 1987), might be controlled by 

input of energy-rich organic compounds to soils. Data for the Double Litter plots at 

Steinkreuz suggested that increased DOM input from the forest floor did not affect 

degradation of lignin in the mineral topsoil. Dissolved OM from fresh and partly 

decomposed plant litter contains large quantities of easily mineralizable compounds (Don 

and Kalbitz, 2005; Hansson et al., 2010). However, DOM deriving from more decomposed 

parts of the forest floor is relatively stable against biodegradation (Kalbitz et al., 2003a). 

The increased DOM fluxes to the A horizon at the Steinkreuz site upon doubling litter 

inputs resulted mainly from increased DOM production in the Oe/Oa horizon and not 

directly from the added litter (Kalbitz et al., 2007). Hence, increased input of DOM into the 

mineral soil does not necessarily mean increased input of energy-rich organic compounds. 

On the other hand, increased input of organic particles from the forest floor at the No Litter 

plots at Steinkreuz might explain the increased degradation of lignin in the A horizon. Even 

if partly decomposed, forest floor-derived particles still should contain energy-rich 

compounds. Such compounds, however, are not readily available to microorganisms, only 

upon depolymerisation and solubilization with fungi playing a prominent role. Hence, the 

form of organic matter input could be a critical factor for co-metabolic lignin degradation.  

Fontaine et al. (2003) pointed out that insoluble litter-derived material (e.g., ryegrass, 

straw) stimulates SOM mineralization more strongly than soluble and readily available 

compounds (e.g., glucose). They assumed that soluble compounds are preferentially 

assimilated by microorganisms not capable to use the contained C and energy to degrade 

polymerized and recalcitrant components (r strategists). In contrast, microorganisms able to 
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assimilate the energy-rich polymers contained in plant litter fragments can also degrade 

other complex forms of SOM (K strategists). In turn, enhanced input of forest floor 

particles might favor K over r strategists in soils. Most soil K strategists are fungi (Fontaine 

et al., 2011). Thus, increased input of forest floor particles could explain the significantly 

increased galactosamine-to-muramic acid ratios in the A horizons at the No Litter plots at 

Steinkreuz (Figure 5.3), which is indicative for a larger contribution of fungal vs. bacterial 

cell wall components to SOM (Glaser et al., 2004). An increasing fungi-to-bacteria ratio of 

the microbial community might explain the enhanced lignin oxidation state in these 

samples.  

Addition of fructose and catechol to A horizons from Steinkreuz induced accelerated 

mineralization of SOM (Table 5.5), suggesting some groups of microorganisms degrading 

SOM were limited by availability of energy-rich organic compounds (Kuzyakov et al., 

2000). Similar patterns have been found in a broad range of other soils (Hamer and 

Marschner 2005, Kuzyakov, 2010). It was striking that the increase in SOM mineralization 

upon addition of fructose and catechol (positive priming effect) was larger, whereas 

mineralization of the added substrates was similar or lower in A horizons from the No 

Litter plots than in those from Controls and Double Litter plots (Table 5.5). The portion of 

C and total energy assimilated during the short-term laboratory incubations that was 

actually used for co-metabolic SOM degradation, seemed to be largest for samples from the 

No Litter plots. The reason for this might be a shift towards a greater competitiveness of K 

over r strategists in allocation of added C and energy (Fontaine et al., 2003). Results are in 

line with the increased fungi-to-bacteria ratio in A horizons at the No Litter plots. They 
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support the view of changes in the properties of the microbial community upon litter 

exclusion induce stronger lignin degradation in A horizons at Steinkreuz. 

At Steinkreuz, litter manipulation also changed the microbial community in the B horizon. 

Decreasing ratios of galactosamine and glucosamine to muramic acid at the Double Litter 

plots (B horizon to 10 cm depth) indicated decreasing fungi-to-bacteria ratios (Glaser et al., 

2004). Changes in fungi-to-bacteria ratios were not paralleled by changes in lignin 

degradation indicators, which contrasts the situation in the A horizons. Also, the overall 

amino sugar content decreased at the Double litter and No Litter plots. Reasons for this 

might be changes in production of microbial biomass or in stability of amino sugars upon 

litter manipulation. Amino sugars are thought to be stabilized in soils, thus derive to a large 

portion from microbial necromass and only to a small part from living biomass (Glaser et 

al., 2004). Hence, changes in stability of amino sugars upon litter manipulation can affect 

the results. In samples from 10–20 cm depth, differences in priming effects upon substrate 

addition were significant, although the use of added substrates did not differ between litter 

manipulation treatments (Table 5). The results suggest changes in metabolic properties of 

the microbial community upon litter manipulation. In contrast to samples from the A 

horizon catechol addition induced positive as well as negative priming effects (decrease in 

mineralization of SOM). Negative priming can occur if microorganisms mineralizing SOM 

switch to the use of the added compound (Kuzyakov et al., 2000). So, changes in 

composition of soluble organic matter might strongly affect degradation of SOM at 10–20 

cm depth. We could not link results of the laboratory incubations to lignin properties in the 

soil. We concluded that, in contrast to the A horizon, lignin degradation in the B horizon 

was not affected by changes within the microbial community, possibly because of better 
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protection of lignin against biodegradation by interaction with minerals in the B horizon 

(Miltner and Zech, 1987).  

At Bousson, litter manipulation had no effects on amino sugar ratios (Figure 5.4). These 

results contradict findings by Brant et al. (2006a) of root exclusion resulting in decreased 

contents of fungal-derived phospholipid fatty acids (PLFA) at 0–10 cm depth at Bousson. 

PLFAs are far less stable than amino sugars in soils (Glaser et al., 2004). Amino sugars 

ratios therefore are more time-integrative and change only when manipulation effects on 

the microbial community become stronger, thus upon longer time scale. According to our 

results on amino sugars, changes within the microbial community seem less important to 

lignin degradation at Bousson than at Steinkreuz.  

 

5.5 Conclusions 

 

The type of forest floor is the key determinant to the relationship between litter input and 

lignin turnover in temperate forest soils. It determines the dominant form of organic matter 

input to mineral topsoils. Organic debris is more important to lignin degradation than 

DOM. Therefore, increasing litter fall, causing increased DOM fluxes to the A horizon, did 

not accelerate co-metabolic lignin degradation in moder type forest floor. In contrast, litter 

exclusion resulted in increased input of forest floor particles from the forest floor to the A 

horizon, resulting in higher fungi-to-bacteria ratios and consequently in accelerated lignin 

degradation. We conclude that form of organic matter input and properties of the microbial 

community to control lignin degradation in the A horizon. Both factors are closely linked 

and determine the share of energy-rich organic matter fuelling lignin degradation.  
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The type of the forest floor as an easily recognizable site property allows a first estimation 

of the extent of lignin degradation and its response to changes in litter input. Lignin 

degradation is larger in soils with mull than moder-type forest floors. We assume the 

expected gradual change in litter fall due to climate change hardly to affect turnover of 

lignin stored in mineral topsoils permanently covered by moder type forest floor layers. 

Lignin degradation will only be stronger if the dominant input pathway changes from DOM 

to organic debris. Also in forests with mull type forest floors there seems to be little risk 

that increased litter inputs will promote degradation of lignin stored in the mineral soil. 

However, our results also suggest that hardly any sequestration of additional lignin will 

occur upon increasing litter production in the mineral soil.  
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