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A century of study has demonstrated the importance of methanotrophic bacteria in the

Earth system as a sink for atmospheric CH4 (high affinity methanotrophs) and as a robust

barrier against CH4 flux to the troposphere from anoxic environments (low affinity

methanotrophs). While much has been ascertained about the phylogeny and metabolic

biochemistries of these remarkable organisms, little is known about the fate of

methanotrophically fixed carbon in the extensive range of natural and anthropogenic

environments that they inhabit. Methanotrophic bacteria occur in every soil order being both

an important sink for atmospheric CH4 in well aerated soils and a highly efficiency filter that

consumes >90% of upward diffusing CH4 in anoxic Gelisols and Histosols. However, little

work has been conducted on methanotrophs in Andisols (soils derived from volcanic ash).

In this study three contrasting Andisols from Tenerife were incubated under 2 ppmv
13CH4 for up to 18 weeks using a technique developed for aerobic mineral soils (Maxfield et

al., 2006). The three Andisols included a well-drained Hapludand from a pine forest, an Ultic

Fulvudand from a laurel forest and a more recent Vitrixerand situated at high altitude. The

biomass and taxonomic identity of the high affinity methanotrophic populations were

determined and compared with the relative rates of CH4 oxidation at each site. This is the first

detailed investigation into high affinity methanotrophic activity in Andisols. It was suspected

that the unique properties of Andisols that yield soils with a very low bulk density, a high

organic carbon content and relatively high water holding capacity would be conducive to

atmospheric CH4 oxidation.

Two of the three Andisols studied displayed high CH4 oxidation rates and substantial

levels of 13C incorporation following incubation under 2 ppmv 13CH4. A high variability in

CH4 oxidation rates between the different sites was observed with rates ranging from 1.58 nM

CH4 g-1 d.wt. h-1 for the Ultic Fulvudand down to 0.03 nM CH4 g-1 d.wt. h-1 for the

Vitrixerand. PLFA profiles were similar but the high affinity methanotrophic populations

determined through 13CH4 PLFA labelling were very different. Substantial incorporation of
13C was observed, indicated by 13C values in excess of 850‰ and 450‰ for the Haplundand

and the Ultic Fulvudand, respectively. These values are far in excess of those observed for a
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range of UK mineral soils (ca. 10 fold higher) incubated under identical conditions. This

suggests that Andisols, a previously unstudied soil class with respect to methanotrophic

bacteria may oxidise significant amounts of atmospheric methane despite their low areal

coverage globally.

One implication of the high capacity for methane oxidation in Andisol soils is that the

global atmospheric CH4 sink due to bacterial CH4 oxidation in soils may have been higher

than it is today. Large scale plinian volcanic eruptions (e.g. Yellowstone) involved

widespread deposition of volcanic ash, which yielded a far wider coverage of Andisols than at

the present time. Whilst it is widely believed that anthropogenic activity has inhibited

methanotrophic activity in a wide range of soils, to date less consideration has been given to

natural environmental changes causing a similar effect.

Due to the high levels of 13C-label incorporation by methanotrophic bacteria in the

Tenerife Andisols we have been able to assess the potential microbial groups that are utilising

the carbon initially fixed through

atmospheric CH4 oxidation. This

provides information about carbon

flow, with respect to the scale of

methane-derived carbon turnover

within soils. It can be seen that a

wide range of atypical

methanotrophic PLFAs increased

in relative abundance as 13CH4

incubation proceeded (Fig. 1). For

example, CH4-derived carbon was

utilised by fungi as 13C-label was

incorporated into 18:26 PLFAs,

both of which are characteristic

fungal biomarkers (Vestal and

White, 1989), thereby indicating

that fungi are involved in either

direct methanotroph predation, or

the predation of other soil organisms that consume methanotrophic bacteria.
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Total soil organic matter content is a key attribute of soil quality since it has far-

reaching effects on soil physical, chemical, and biological properties. However, changes in

contents of organic carbon (C) and total nitrogen (N) occur only slowly and do not provide an

adequate indication of important short-term changes in soil organic matter quality that may

occur.

Labile pools of organic matter can be considered as fine indicators of soil quality and

are much more sensitive to changes in soil management practices. Dissolved (soluble) organic

matter consists in organic compounds present in soil solution. This pool acts as a substrate for

microbial activity and its leaching greatly influences the nutrients, organic matter content and

the pH of groundwater. Various extractable organic matter fractions, including hot water-

extractable and dilute acid-extractable carbohydrates, which are involved in stabilization of

soil aggregates, have also been suggested to be important. Despite its importance, the quality

of dissolved organic matter (DOM) is highly variable and little information is available on the

relation of DOM quality to the structure and composition of its parent soil organic matter

(SOM).

The objective of the present work is to develop a better knowledge of the quantity and

the quality of the organic matter present in soil leaching. The nature of the organic matter was

investigated at low and high molecular levels by different extraction and degradation

techniques.

Soil solutions were obtained from field plot using porous ceramic cups (at 15, 30, 60

and 100 cm depth) equilibrated in soil for more than18 months before sampling. Additionally,

the plots were equipped with soil moisture sensors. Three plots were amended with a green

waste compost (50, 100 and 150 t/Ha).

Ceramic cup, hot water and dilute acid soil solutions were analyzed and compared to

Soil Organic Matter. For each sample, bulk characterization (TOC, UV, 3D fluorescence, pH

measurements) was achieved. Then, after Solid Phase Extraction (SPE), the molecular

fraction was studied by Gas Chromatography coupled to Mass Spectrometry (GCMS). Humic
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substances were separated (dialysis, XAD resins) into three fractions, respectively: colloidal,

hydrophobic and transphilic OM. The different humic fractions of OM were submitted to

flash pyrolysis and thermochemolysis (pyrolysis using tetramethyl ammonium hydroxide as

alkylating agent).

Field plot and column leaching studies were thus used to quantify the impact of adding

green wastes compost to soils on Carbon sequestration, organic molecules leaching, and on

the formation and stabilization of clay-humic complexes.
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Global warming may change soil organic matter (SOM) quality and the potential for

soil to change from a carbon sink to a source are major concerns and a source of uncertainty

in climate change models (Knorr et al., 2005). Current soil warming experiments have

focused on bulk SOM characteristics which may conceal important changes in the

composition of SOM. In this study, biomarker Gas Chromatography/Mass Spectrometry

(GC/MS) and Nuclear Magnetic Resonance (NMR) spectroscopy methods were applied to

investigate the molecular composition of SOM in a mixed forest in southern Ontario, and to

examine the degradation of various litter and SOM fractions in a 14-month field warming

experiment.

The soil warming experiment consisted of a control, a middle-site, and a warming

block in a moist mixed forest with a homogeneous topography and evenly-distributed

vegetation. The temperature differences between the control and warming blocks ranged from

3.5-6°C. After the 14-month warming treatment, the soil organic carbon content was greatly

enriched in the warmed block (6.49%) as compared with that of the control (3.88%; Figure 1),

suggesting that the increase in carbon input was higher than the increase in carbon

degradation with soil warming. For individual SOM components, the impact of soil warming

was also related to the chemical recalcitrance of the compounds and other physical properties

(such as physical protection by clay minerals). For instance, carbohydrates, which are

considered to be among the most labile fraction of SOM (Gleixner et al., 2001), were easily

degraded in the warmed block despite a higher carbon input (Figure 1). Conversely, steroids

and terpenoids, which were less labile, increased in the solvent-extractable soil lipid fraction

with warming, probably due to a higher input (Figure 1). Similarly, cutin-derived compounds,

which are considered to be a more “stable” SOM fraction, increased in the warmed soil likely

due to the enhanced degradation and input of leaf litter with increasing temperature, while

suberin-derived compounds, another component of the bound lipids, remained similar with

soil warming (Figure 1). Interestingly, lignin compounds, which are usually considered to be

refractory due to their aromaticity (Gleixner et al., 2001), decreased in the warmed soil
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(Figure 1). Lignin degradation parameters (ratios of acid to aldehyde) of both litter and soil

samples also confirmed the enhanced degradation of lignin with soil warming. Increased

fungal biomass in the warmed soil, as represented by phospholipid fatty acid biomarkers, may

be responsible for the elevated lignin degradation because fungi are considered the primary

decomposer of lignin in the soil environment. This study shows that there is great potential for

lignin transformation with soil warming, which may have large impact on the climate change

models and SOM composition with global warming.

Finally, the warmed and control soils were further examined with NMR spectroscopy

to investigate the composition of SOM that was not “amenable” by the GC/MS biomarker

analyses. The preliminary results from our NMR analyses showed that microbial biomass

might account for the increased carbon content in the warmed soil.

Figure 1. Relative abundance of organic carbon and various soil chemical fractions from the
soil warming experiment. Relative abundance = concentration in the warming or middle-

block soil/ that in the control soil.
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Black carbon (BC) and black nitrogen (BN) are produced by incomplete combustion

of vegetation and occurs ubiquitously in soils. BC has a highly aromatic structure with few

functional groups, and is assumed to be relatively resistant to decay. Thus, the charred plant

material may play an important role in carbon sequestration. But assuming that biomass

burning occurred at the same rate than nowadays since the last glacial maximum, BC should

account for 25 to 125% of the total SOM pool (Masiello, 2004). To be able to estimate the

recalcitrance of BC in soils, knowledge is required concerning its degradation rates and

mechanisms. Therefore, the objectives of this study are to examine the degradation and

humification of BC and its transport within the soil profile. A further interest is the impact of

addition fresh plant material as co-substrate (CM) on the BC degradation.

The used BC derived from charred residues of rye grass (Lolium perenne), which were

grown with 13C-labelled CO2 (99.6 atom%) and with 15N-enriched nutrient solution (KNO3;

99.4 atom %). After harvesting and drying, the two week old shoots were charred at 350°C

for one (partly burnt) and four minutes (burnt), respectively. The char was put onto a soil

column and incubated for up to 18 months at a temperature of 30°C. The chemical

composition of organic matter in the potentially mobile (dissolved organic matter; DOM, and

particulate organic matter; POM) and immobilized fractions (mineral associated organic

matter of the mineral phase) was investigated by means of solid-state 13C NMR spectra

obtained on a Bruker DSX 200 spectrometer using the cross-polarization (CP) magic-angle

spinning (MAS) technique. The 13C and 15N contents of the samples were measured with a

quadrupole mass spectrometer (QMS) connected to an Elementar Vario EL.

First results shown that after an incubation time of 6 months, 67% to 75% of the 13C input

remained in the POM fraction. The 15N recovery for the POM fraction was comparable. The

application of fresh plant litter as a co-substrate after four months of incubation resulted in the

development of a fungal mat. With respect to the amount of 13C-labeled carbonyl given to the

incubate with the fresh partly charred grass, an enrichment (24%) of the carbonyl 13C was

observed for the POM fraction, 2 months after co-substrate addition. All other C groups of the

POM decreased which is in accordance with a redistribution of isotopically labelled BC into
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the mineral fractions, DOM and deeper horizons. This affirmed a recovery of 0.2% 13C and

1.5% 15N and in the 3 cm deeper sub layer.

Already after one month of incubation 10% of the added 13C was recovered with the

mineral phase. After 6 months this amount increased to 27%. Co-substrate addition reinforced

this process. We found an increase of up to 39%. The most of 13C from the added char was

associated with the clay fraction (61% -75%) (Fig. 1). This points to the involvement of the

minerals in the immobilisation and stabilisation process of char in soil systems. The fixation

of the char to the mineral surfaces requires functional groups on the char surface, developed

from biotic oxidation of the char.

Our study demonstrates that BC may not be as recalcitrant as commonly assumed. The

char material has a high potential to be oxidised. Such oxidized residues are more accessible

to microbial degradation and may also be responsible for a more efficient translocation of

char into deeper horizons

Figure 1. 13C Recovery of char of the particle size fractions after 6 months of incubation
(CM means addition of fresh plant material)

REFERENCES
Masiello, C. A. (2004). New directions in black carbon organic geochemistry. Marine

Chemistry 92 (1-4): 201-213.

0

5

10

15

20

coarse silt middle silt fine silt clay

1
3 C

re
co

ve
ry

% partly burnt CM

partly burnt
burnt
burnt CM



P392-TH

A NEW CONCEPTUAL MODEL FOR THE STRUCTURAL PROPERTIES OF
CHAR PRODUCED DURING VEGETATION FIRES

Heike KNICKER1, André HILSCHER1, Francisco J. GONZÁLEZ-VILA2 and Gonzalo
ALMENDROS3

1. Lehrstuhl für Bodenkunde, Technische Universität München, 85350 Freising-Weihenstephan
2. Instituto de Recursos Naturales y Agrobiología de Sevilla, CSIC, PO Box 1052, 41080 Sevilla, Spain.

3. Centro de Ciencias Medioambientales, CSIC, Serrano 115B, 28006 Madrid, Spain
.

After vegetation fires considerable amounts of charred necromass are incorporated

into soils and sediments. To elucidate its role in geobiochemical cycles a good understanding

of its chemistry is crucial. Although several models describing char on a molecular level are

reported in the literature (Schmidt & Noack, 2000), a commonly accepted view of the

chemistry involved in Black Carbon (BC) production during vegetation fires is still missing.

Therefore, the intention of the present work was to obtain some insights into structural

properties of char produced during biomass burning by comparing results obtained from

controlled charring experiments, the analysis of naturally charred soil organic matter with the

pyrolysis literature.

Our studies indicate that the aromatic skeleton of char accumulating after a vegetation

fire must contain remains of the lignin backbone and considerable contributions of furans and

anhydrosugars from thermally altered cellulose. Since heating of vegetation residues leads to

little changes of their C/N ratios in the charred product, N must be incorporated into structures

which are fairly resistant to heating. Solid-state 15N NMR spectroscopy identified them as

mostly pyrrole/indole-type N with minor contribution of pyridine N. Depending on the source

material, The C/N ratios of char can be as wide as 440 to 630 for burnt woody material but

also as narrow as 6.0 to 6.9 as it was found for char from for young grass material.

Accordingly, in non-woody chars, N-heteroaromatic structures can consume up to 17% and

sometimes even 60% of their organic C. Although they comprise considerable portions of

charred organic matter, this “Black Nitrogen” is still mostly neglected in the BC discussion.

Our results clearly demonstrate that for residues after vegetation fires, char models

assuming a graphite-like structure are oversimplified. Therefore, a new structural concept for

char formed due to vegetation fires is proposed. According to this concept, char can be seen

as a heterogeneous mixture of thermally altered biomolecules, the alteration degree of which

is dependent upon the severity of the fire and the chemistry of the original vegetation. Thus,

only intensively charred material reveals an entirely aromatic structure, whereas alkyl-C
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content increases in chars produced at moderate temperature. With respect to elemental

analysis N, O, S substitutions are common features of the charring products.

The present concept implies that the chemical composition of char can vary to a great

extent and that those differences are likely to determine the recalcitrance of char. Being less

graphite-like but containing N, O and S substitutions, such char would allow for fast oxidation,

facilitating further microbial attack and dissolution in the soil solution. Although, relative to

litter, char degradation is supposed to be slow, on long-term and under oxic conditions this

process may alter char to an extent that it becomes indistinguishable from naturally formed

organic matter in soils and sediments. Oxygen-depletion or environments with low microbial

activity may be necessary for pyrogenic residues to survive without major chemical

alterations and in considerable amounts for millennia and longer.

The high chemical heterogeneity of char and a low contribution of highly condensed

polyaromatic structures can also explain the uncertainties with respect to its detectability in

soils and sediments with some common degradative approaches (Masiello, 2004). Depending

on the source, the portion of BC that survives the harsh chemical and thermal degradation

procedures used for BC identification varies. On the other hand, biomarker approaches relay

on the identification of degradation products from polyaromatic clusters (Glaser et al., 1998).

In chars produced at lower temperatures, those clusters, represent only a small fraction that

cannot account for the total char content of the respective soil or sediment.

REFERENCES
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The availability of biologically accessible forms of nitrogen can control the diversity,

dynamics and functioning of many ecosystems including soils (Vitousek et al., 1997).

Although the cycling and interconversions between inorganic forms of nitrogen in soils are

relatively well understood, much less is known about the fate of organic nitrogen containing

compounds. The use of organic fertilizers such as farm wastes are currently of much

importance. Every year in the UK, 45 million tonnes of manure are deposited directly onto

fields by livestock in addition to 67 million tonnes collected from farm buildings and yards to

be spread on fields (Chambers et al., 2000). A considerable proportion of the organic nitrogen

applied to soil in this way is proteinaceous; hence it is important to develop a molecular

understanding of the fate of both the nitrogen from proteins and amino acids and the

associated carbon once in the soil. Our aim is to: i) determine the relative rates of

mineralization or assimilation of amino acid nitrogen by soil microorganisms; ii) characterize

the products of these processes; and iii) identify the organisms responsible for carrying out

these transformations.

In order to investigate the fate of the C and N from free amino acids in a grassland soil,

several amino acids with varying chemical properties and positions in biosynthetic pathways

were added to the soil as dual labelled (15N and 13C) tracer compounds. The changes in the

δ13C and δ15N values of these amino acids over time gives an insight into the turnover rates of

amino acids in soil. The δ13C and δ15N values of other amino acids and different C and N

containing organic compounds (such as phospholipid fatty acids and amino sugars) in

addition to inorganic N compounds will facilitate the elucidation of the rates of flux of C and

N from the free amino acid pool into other compounds and compound classes within the soil.

A mixture of 5 amino acids (glycine, proline, lysine, glutamic acid and arginine) was

added to small lysimeters (~10 cm deep, ~2 cm diameter) containing 10 g soil. These were

then incubated for time-periods of up to 32 days. The δ13C values of the added amino acids

show a biphasic exponential over time decay of the form PeCeCy xKxK   )(
2

)(
1

21 with an

initial rapid rate of loss of label followed by a slower second decay phase. The other
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endogenous amino acids in the soil show a sharp rise from their original natural abundance

levels to δ13C values comparable to those of the added amino acids by day 2 of the incubation

before following a similar rate of decay. A similar pattern was observed in the δ15N values of

amino acids; however the initial loss of label was slower than in the case of C. This is

thought to be due to the mineralised nitrogen staying within the soil and being re-assimilated

by the soil microbial community. The δ15N values of amino acids which are closely related

by their biosynthetic pathways appear to equilibrate rapidly, whilst those between

biosynthetically distant amino acids do not. This is not observed in the δ13C values of the

amino acids, perhaps due to the mobility of carbon ‘building blocks’ (such as acetyl-CoA)

within cells. The δ13C values of phospholipid fatty acids rose to a maximum at 2 days

indicating the use of amino acid C as a C source for the biosynthesis of other important

compound classes.

This work forms part of a wider study to investigate the fate of organic N and the C

associated with it from agricultural wastes in grassland soils. This will include incubation

studies of soils with dual-labelled intact protein and animal wastes.

Figure 1. a) δ15N and b) δ13C values of AAs from different biosynthetic pathways; c) δ13C
values of proline with a two-phase exponential decay model applied and d) δ13C values of

bacterial phospholipid fatty acids

REFERENCES
Chambers, B.J. et al., (2000) Soil Use and Management, 16, 157-161.
Vitousek, P.M. et al., (1997) Ecological Applications, 7(3), 737-750.
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Rare earth elements (Lanthanide elements; atomic numbers 57 to 71) have generally

comparable low background concentration, limited mobility and low solubility in soil and can

therefore be used as simultaneous multiple tracers with similar chemical properties, but

different element signatures. Rare earth elements have in recent years been successfully used

in as tracers for soil erosion studies after mixing them into soils during fallow periods in the

cropping cycle (Zhang et. al. 2001, Polyakov and Nearing 2003). The latter method of rare

earth element (REE) incorporation in the soil can not be applied to some grassland systems

because of permanent plant cover on soil surface in the absence of ploughing. However,

organic fertiliser amendments (manure or slurries) are applied several times each year to the

soil surface. We therefore examined in pot and field experiments: i) the binding capacity of

five REE (Gd, La, Nd, Pr, and Sm) oxides incorporated into cattle slurry and ii) its suitability

as a tracer for surface applied slurry derived sediment in soil erosion studies in grasslands.

The binding of the Gd, La, Nd, Pr, and Sm was tested by directly mixing them into soil or

first into three different slurry (fractions), i.e. whole slurry, liquid slurry phase; solid slurry

phase >2 mm). We added similar rates of these REE enhanced slurries to the dry sieved (<2

mm) soil and measured the retention of REE in the soil (0-1 cm, 1-2 cm, 2-4 cm, 4-8 cm) after

the soils had been extensively leached by deionised water.

Five REE were mixed to either into whole slurry or pre-sampled soil and then applied to

slightly sloping grassland soil (four replicate plots each). The slurry was isotopically labelled,

the liquid phase (urine) with 15N urea (~16at%) and solid phase (dung) was naturally enriched
13C (ca. -12 o/oo) compared to the soil (ca. -28 o/oo) in order to obtain the correlation of

between potential differential movement of the liquid and solid phase of the REE enhanced

slurry following an artificial rain event (500 mm rainfall). Preliminary result showed that i)

REEs oxides showed strong retention in soils and slurry during leaching and ii) when
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incorporated as REE enhanced slurry, remained associated with slurry rather than the

grassland soil even during lateral transfer down the slope following (artificial) rain.
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Although they usually account for only a few percent of soil organic matter (SOM),

lipids can be of major importance for soil properties and dynamics. For example, they can be

toxic towards living organisms, have a high reactivity towards polyvalent cations and their

hydrophobic properties can affect aggregate stability and water retention (Dinel et al., 1990).

Furthermore, they are useful biomarkers and can provide information about the sources of

SOM, microbial activity and the pathways of degradation and/or stabilisation of SOM.

In the Upper Amazon Basin, podzolisation involves the remobilization of large

amounts of potentially damaging chemical elements (Fe, Al, Si) previously accumulated in

lateritic formations. Lipids generally accumulate in acidic soils such as podzols and could

take part in the development of podzols (Jambu et al., 1978). In order to better understand the

mechanisms involved in the podzolisation process in the Amazon Basin, the evolutions of

lipid abundance and composition were studied along a representative soil catena showing the

transition between a latosol and a well-developed podzol (Nascimento et al., 2004). Total free

lipid extracts were obtained from eight key samples of the catena, which enable to follow both

lateral and vertical evolutions. Litter samples were considered in parallel to assess the inputs

from overlying vegetation. Several compound classes were analysed (alkanes, alkanones, free

fatty acids, free alkanols) and their composition was determined by GC and GC-MS.

As expected, free lipids accumulate with increasing acidity from the latosol to the

podzol, both as a percentage of total soil and of SOM. However, they are present in very low

amount during early stages of podzolisation. In addition to different abundances, an evolution

of the composition of lipids during the different stages of podzol development is observed.

For example, the distribution of alkanoic acids in surface horizons shows interesting features.

Unsaturated acids such as C16:1 and C18:1 are observed, consistently with a low level of lipid

degradation. Furthermore, the occurence of short-chain branched alkanes, together with n-,

iso- and anteiso- C15 and C17 fatty acids, indicating a microbial contribution. However, they

show variations in their relative abundances which points to a change in microbial community
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structure and/or activity when the well-developed podzol is compared with the latosol and

weakly-developed podzol. Finally, in early stages of podzolisation, the short chain (<C20)

alkanoic acid contribution is decreased relative to the long chain (>C20) one (Figure 1).

The very low abundance of free lipids in the early stages of podzolisation is visible

especially in horizons containing large amounts of organo-metallic complexes. This, together

with the previous observations about the distribution of organic acids suggest that lipids may

be immobilized by complexation with metals released during the intense mineral weathering

going on at this point. Analysis after complex dissociation using pyrophosphate is under

progress to test this hypothesis.

Figure 1. Distribution of n-alkanoic acids in surface horizons during the different stages of
podzol development
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ISOTOPIC (13C AND 15N) LABELLING OF ORGANIC COMPOUNDS IN COW
DUNG FOR USE IN ECOLOGICAL INVESTIGATIONS

Luke DICKSON1, Richard EVERSHED1 and Richard WALL2

1. Organic Geochemistry Unit, University of Bristol, School of Chemistry, Cantock's Close, Bristol, BS8 1TS
2. School of Biological Sciences, University of Bristol, Woodland Road, Bristol, BS8 1UG

The return of organic matter from cow pats to soil is important for global food

production and will be critical for pastoral carbon sequestration. Even so, dung organic matter

processing in the environment (especially that mediated by invertebrate ecosystem engineers)

is poorly understood. Natural abundance isotope tracer techniques have been used

successfully to quantify dung carbon movement (e.g. Dungait et al., 2005), but were found to

be insufficiently sensitive where the contribution of dung carbon was low (Bol et al., 2000).

High enrichment of the stable isotopes 13C and 15N in contextually realistic molecular forms,

coupled with compound-specific isotope ratio measurements, is enabling the study of

microbial and invertebrate functional relationships within the dung ecosystem. Further,

molecular detail may be added to the developing quantitative model of dung degradation and,

using the enhanced sensitivity of organic matter tracing afforded by the high isotopic

enrichment, the model may be extended to deeper soil layers.

Laboratory dung incubations using 13C-glucose and 15NH4
15NO3 and have shown that

the microbial community in cow dung used the labelled glucose as a respiratory substrate;

δ13C(CO2) values peaking at 7000 ‰ after 14 h. Despite this supplementation with glucose,

whose C was respired in preference to endogenous dung-C, the microbial respiration rate was

similar to that in control dung, indicating that the microbial community was not greatly

perturbed. Early data suggest that some amino acid abundances were slightly affected by

these additions in the first few days; an indication that nitrogen-immobilising microorganisms

found in cow dung by Yokoyama, et al. (1991) may have exploited added 15NH4
15NO3 and

generated a 15N label in the organic nitrogen pool. Immanent compound-specific isotope ratio

analyses of dung amino acids will be used to confirm this incorporation.

Dung microorganisms also used the 13C-glucose in biosynthesis of their phospholipid

fatty acids (PLFA), again, in preference to other available carbon sources. This was

demonstrated by δ13C(PLFA) values that reached and maintained enrichments of thousands of

per mil within 14 h. Phospholipids are rapidly hydrolysed on cell death, in this case

introducing 13C-labelled fatty acids into the much larger total fatty acid pool. Despite this feed

of labelled components, the total fatty acid pool maintained large differences in their δ13C
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values compared with corresponding PLFA (>1000 ‰ below PLFA in some cases). This

means that microorganisms are isotopically distinct from other dung organic matter, enabling

diagnosis of the selective grazing of microorganisms by coprophagous larvae as has been

suggested for Musca domestica (Levinson, 1960). After 21 d incubation, the total fatty acid

fraction, although remaining much less enriched in 13C than the PLFA, was sufficiently

enriched (see fig.1) for high sensitivity dung tracer experiments and trophic investigations of

the dung invertebrate community. The 16:0 fatty acid was only modestly enriched (178 ‰)

but the large quantity present makes it an important part of the dung label. Further, it is not a

uniquely microbial fatty acid but is of general utility to organisms in the dung-soil ecosystem.

For example, the dipteran coprophage Neomyia cornicina, which assimilates much fatty acid

without modification, will assimilate 16:0 and use it unmodified. Coprophagous insect larvae

can be fed 16:0 labelled with 13C and will become similarly labelled, an important

prerequisite for investigating this cryptic and probably much preyed-upon (Kirk, 1999)

trophic group.

Figure 1. Partial gas chromatogram of the total fatty acid fraction of cow dung after 21d
incubation with 13C-glucose and 15NH4

15NO3. Peak labels detail δ13C value and peak identity.
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ATMOSPHERIC CO2 AND HOW IS LIPID TURNOVER IN GRASSLAND SOILS?
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SCHWARZBAUER4 and Lorenz SCHWARK
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Sequestration of organic matter into soils plays an important role in global CO2

dynamics. Models describing CO2 budgets therefore assume different rates of soil organic

carbon (SOC) turnover depending on the reactivity of plant-derived components. In contrast

to the traditional view, where lipids were assumed to be relatively stable in soils (Kögel-

Knabner, 2002), recent studies document that lipids are not part of the stable fraction of soil

organic matter (SOM) (Wiesenberg et al., 2004b). Other than macromolecular SOM-fractions

these compounds are suitable for detailed structural and compound-specific 13C-isotope

characterization. A standard approach for estimating bulk and molecular SOC turnover rates

utilizes natural isotopic labeling after monoculture C3/C4-crop switching. Free air carbon

dioxide enrichment experiments (FACE) employ the artificial incorporation of isotopically

labeled CO2 into photosynthate and subsequently into SOM. An enhanced availability of CO2

is generally thought to increase biomass production of plants. Recent studies however

revealed that no significant biomass increase occurred during 10 years of atmospheric CO2

enrichment in a FACE experiment at Eschikon, Switzerland. We here present isotopic and

biomarker data on the development of lipid distribution in plants and turnover into SOM.

Surface soil (0-10cm depth) and plant (Lolium perenne and Trifolium repens) samples

were collected at the Eschikon FACE experiment site after 10 years of exposure to i) ambient

CO2 conditions (13C of app. -8.7‰ [V-PDB]), and ii) elevated CO2 concentrations (600ppm,

13C of added CO2 was -48‰ [V-PDB]). Total lipids were recovered by accelerated solvent

extraction and separated into eight fractions of different polarity by liquid chromatography

(Wiesenberg et al., 2004a). Fractions of aliphatic hydrocarbons and carboxylic acids were

analysed by GC-MS and GC-irmMS.

Carboxylic acid, alcohol and aliphatic hydrocarbon distribution patterns of plant

biomass and soils are discussed. While short chain acids reveal a uniform depletion in

unsaturated C18 acids in plants and soils under enhanced CO2 concentration, the alcohol

fraction shows diverse trends for Lolium perenne and Trifolium repens plants and soils. Long
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chain alcohols increase in abundance for lolium and decrease for trifolium samples. The n-

alkanes in soils, as degradation products of plant derived acids and alcohols, exhibit minor

compositional variations. Decreasing amounts of plant-derived acids vs. increasing

concentrations of alcohols were noted for trifolium samples.

Carboxylic acid and aliphatic hydrocarbon 13C-values of plant biomass and soils are

discussed. In general 13C of plant carboxylic acids and alkanes was uniformly shifted to

lighter values by approximately 6-8‰ V-PDB. This was consistent with the shift in bulk

isotopic values due to the 13C-depleted atmosphere. In soils, short-chain carboxylic acids

(<C20) mainly derived from microbial sources result in a lower depletion in isotopic values

than plant derived long-chain acids (≥C20). The isotopic differences between individual

compounds in soils under ambient vs. elevated CO2 conditions vary significantly, which

argues against turnover determinations for lipid classes based on an individual compound.

Contrastingly, averaged isotope values result in reliable calculations of replaced carbon

proportions and turnover times for lipid classes. In grassland soils carboxylic acids are turned

over fastest, followed by bulk carbon and alkanes with the slowest turnover times (Fig. 1).

This stands in contrast to previous determinations for arable soils, but confirms observations

in peaty soils indicating that n-alkanes contribute to the relatively stable soil carbon fraction.

Figure 1. The new carbon proportions of bulk soil organic carbon and the plant-derived long-
chain n-alkanes and n-carboxylic acids of the Eschikon FACE experiment.
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HOW GOOD IS STABLE ISOTOPE ANALYSIS IN ASSESSING DYNAMICS OF
ORGANIC COMPOUNDS IN SOIL? – THE EXAMPLE OF LIGNIN
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Stable carbon isotope data have been used for a few decades to study the dynamics of

organic matter after land use changes to a vegetation type with a different isotopic label. This

has been done for bulk organic matter (Balesdent and Mariotti, 1996) as well as for individual

compounds on a molecular level (Wiesenberg et al., 2004; Dignac et al., 2005; Heim and

Schmidt, 2007a). However, this type of study usually relies on a set of assumptions that are

required for correct data interpretation, e.g. that isotopic label does not differ significantly

between plant parts, and that composition of plant litter input is constant over time. However,

some variation in the isotopic label between plant parts has been reported (Bahri et al., 2006),

and input of constant quality can realistically not be expected when growth conditions (e.g.

temperature, humidity) vary between the years.

The objectives of this study are to assess (i) how far actual conditions might deviate

from the model assumptions, and (ii) how the uncertainty caused by these variations could

affect the interpretation of results from stable isotope studies. As an example of organic

compounds we use lignin-derived phenols in this study.

Experimental data are from a C3-to-maize conversion experiment comparing two

management practices on two different soils with high and low organic carbon content. After

15 years of continuous maize cropping, compound specific stable isotope analysis of lignin

biomarkers in the soil indicated that lignin derived from pre-maize cultures still ranged from

62 to 84% of the initial amount in the different treatments.

With respect to the natural variability in input quantities and quality during a long-

term experiment, it might be argued that these results could be partly artefacts of the

underlying assumptions. To test this, we set up a model that takes the following variations

into account:

(i) change of lignin content in different plant parts (stem, leaves, roots) during

growth – resulting in variability of input depending on the harvest date

(ii) difference in lignin content and quality (i.e. the proportion of individual

structural subunits) between different plant parts (stem, leaves, roots) –
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resulting in variability of input depending on the management technique (ratio

of aboveground residues to root inputs)

(iii) variations in isotope ratio between the plant parts (stem, leaves, roots) at

harvest – resulting in deviations from a mean isotope value on which

calculations are usually based.

(iv) variations in harvest yield depending on meteorological conditions during the

growth period – resulting in variability of input between individual years.

The model uses plant growth data and lignin quality data for wheat and maize

collected over one growth period as well as harvest records for the same site. Preliminary

results show that the uncertainty introduced by the assumption of a constant input of average

quality has little effect on the calculated proportion of “old”, and thus stable, compounds in

the soil. For field experiments like the one presented above, this means that stable isotope

studies can provide reliable data on dynamics of compounds like lignin despite the natural

variability of the plant inputs.
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This paper is devoted to investigation of amino acids composition in natural mineral

salts from sedimentary rocks which accumulated in arid zones. Samples of halite and sylvite

from several salt deposits distinguished by age, mineralogical composition and the stage of

catagenesis were studied. As an example modern salt sedimentation salt of Lake Tekke

(Cyprus) was analyzed. As ancient salt were investigated: Artemovsk deposit (primarily-

sedimentation halite, Permian), Verkhnekamsk deposit (sylvite and halite, Permian),

Petrikovsk deposit (recrystallization halite, Devonian), Kochmes deposit (secondary salt,

Ordovician) and Seregovo salt dome (secondary salt, Proterozoic).

Analyses of amino acid enantiomers were made by the following technique. To extract

amino acids samples were the subject of hot acid hydrolysis in 6M HCl. The solution obtained

was out washed of organic compounds and etherified in N-PFP-amino acid isopropyl ethers.

Analyses were carried out on gas chromatograph GC-17A with a flame-ionization detector.

It was established the large enantiomeric excess of L-form amino acid in all samples

independently of their ages and mineralogical compositions. It confirms that fact, that amino

acids in salt samples were evidently descended from a primary biogenic material.

The common contents of amino acids in salt samples are in dependence from contents

in them of the insoluble remains. Upper bound (0.13–0.15 mg/g-rock) is typical for modern

salt and potassium salt beds of Verkhnekamsk deposit which are characterized by the highest

concentrations of insoluble remains. In other ancient salts concentrations of amino acids

decrease in order and the lowest contents are characteristic for the cleanest salt samples. So

concentration of amino acids in primarily-sedimentation halite of Artemovsk deposit is 0.037

mg/g-rock, but for spathic halite of underlying rock salt of Verkhnekamsk deposit – 0.014.

Moreover modern salt differs from ancient salt with individual amino acids

distribution. So the highest contents of amino acids in samples of lake Tekke fall on aliphatic

and acidic amino acids (up to 70 %), next amino acids in decreasing order are hydroxyl,

aromatic, heterocyclic and sulphur. Among individual amino acids are prevail glycine,

aspartic and glutamic acids, alanine, leucine and serine. In ancient salts the contents of acidic

amino acids are often decreased while hydroxyl amino acids risen. The content of aromatic
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amino acids is a little increased also. Among individual amino acids are prevail glycine,

alanine and serine.

Amino acids distribution can change even within the bounds of one salt deposit,

depending on a degree of transformation of organic matter in salt layers during post-

sedimentation processes. Thus in spathic halite of Verkhnekamsk deposit with presence of

liquid organic inclusions, content of heterocyclic amino acid (proline) is sharply rising. While

in halite with presence of hard bitumen inclusions of Zechstein evaporites of Western Poland,

which located over the oil and gas deposits, the contents of aromatic amino acid (tyrosine and

phenylalanine) increase.

Our researchers have shown that the total concentration of amino acids is connected to

the concentration of the insoluble remains of the salt rocks. Distribution of individual amino

acids in many respects depends also on a degree of transformation of organic matter in salt

rocks. Amino acids composition of ancient salts which accumulated in arid zones has the

following features. In solar salt lake and closed seawater conditions dominate amino acids

containing aliphatic, acidic and hydroxyl groups. Composition of amino acids changes with

the increasing of organic matter maturity, at that concentration of acidic groups is reduced at

increase of hydroxyl and aromatic differences.
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EVALUATION OF THE CARBON STORAGE CAPACITY FOR A GRASSLAND

Hervé ROGEON, Laurent LEMEE, A. CHABBI and André AMBLES

UMR CNRS 6514, FR-2703 - "Synthèse et Réactivité des Substances Naturelles"
Université de Poitiers

40 avenue du recteur Pineau, 86022 POITIERS Cedex France

Soil organic matter (SOM) is actually of great environmental interest as the amount of

organic matter stored in soils represents one of the largest reservoirs of organic carbon on the

global scale (Schlesinger, 1995). As a matter of consequence, any change in soil carbon

quantity may affect atmospheric CO2 concentration. Therefore carbon dioxide sequestration

in plant and carbon storage in soil and biomass could be considered as a complementary

solution against the increase in concentration of gases responsible for climate change. The

mean residence time of SOM was observed to increase with soil depth (Rumpel et al., 2002),

but limited information exists about the composition of stabilized OM. However in order to

understand the mechanisms of OM stabilization in soils with depth it is necessary to

characterize its structure and origin.

Four horizons from the same profile of a soil located in the vicinity of Poitiers in

France (INRA Lusignan, ORE Prairie) were studied. Global characterizations were realized

using IR spectroscopy (Figure 1), elemental analysis and ATD/ATG. OM amount decreases

slightly with depth (1,8 % at 0-30 cm and 1,1% at 80-120 cm) but stays relatively high. The

granulometric fractionation indicates a silty soil in which clays accumulate with depth.

Figure 1. IRFT spectra of the soil samples from the four horizons.
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The total organic matter was fractionated according to IHSS (International Humic

Substances Society) protocol. Lipids were extracted with CH2Cl2 / MeOH using accelerated

solvent extraction (ASE). The total fraction was then derivatised (methylation and acetylation)

prior to GC-MS analysis. Humic substances were characterized by thermochemolysis using

TMAH as alkylating agent.

Lipids are concentrated into 0-30 cm indicating a low mobilisation. They are mainly of

plant origin from surface to 50 cm horizons (long odd chained hydrocarbons, long even

chained alcohols and fatty acids). Lipids of bacterial origin become major between 50 to

80cm whereas they clearly have a different origin in the deepest horizons.

Humin which represents the less soluble, the more complex and the more resistant

form of organic matter to biodegradation increases with depth whereas fulvic acids drastically

decrease at 50 cm. An increase of humic acids is effective at 50-80 cm. Humic acids and

humin were characterised by thermochemolysis using tetramethyl ammonium hydroxide

(TMAH). The major products are short fatty acids which were bound to the macromolecular

network via ester linkages and were liberated as methyl esters. The bacterial input (iso,

anteiso) is more important in the two surface horizons than in depth.
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