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Rationale and background

The synthesis of the european carbon budget published in Science by Janssens et

al. (2003) revealed a systematic difference between "top-down" and "bottom-up"

estimates of carbon sequestration. Seventy teragrams of carbon absorbed by the

bioshere per year were not recovered in terrestrial carbon stocks (corresponding to

7 g m-2 yr-1). Janssens et al. hypothesized that "missing fluxes" may account for the

gap in the carbon budget. The detailed determination of changes in soil carbon

stocks during the current CarboEurope-IP is therefore an important step towards a

closed carbon balance of ecosystems. However, losses of carbon from soil by

leaching of dissolved organic carbon (DOC) and inorganic carbon (DIC) into the

hydrosphere are not considered in that approach. The quantification of carbon

leaching is yet crucial because this flux, 11±8 g m-2 yr-1 as estimated by Siemens

(2003) based on analyses of published data, can well explain the gap in the

European carbon budget. However, the hypothesis that leaching of dissolved carbon

explains the difference between "bottom-up" and "top-down" estimates of terrestrial

carbon sequestration needs justification because i) the data base, especially for DIC
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fluxes, is sparse and ii) DIC and DOC fluxes are currently not related to the

aboveground carbon exchange at the same sites.

Aims and objectives

Our objective is to quantify annual fluxes of DOC and DIC leached from soil in

conjunction to the aboveground carbon exchange and to changes in soil carbon

stocks. The CarboEurope-IP offers a unique and unpreceded chance to achieve this

aim for a range of land use systems and climatic conditions.

Approach and activities proposed

Fluxes of DOC and DIC will be calculated by multiplying DOC and DIC

concentrations of leachates with the volume of leached water (groundwater

recharge). We will extract soil solution samples for the determination of DIC and DOC

concentrations using the destructive method of Kaupenjohann & David (1996) and by

suction cups. The method of Kaupenjohann & David (1996) displaces soil solution

from wet soil samples into gas-tight headspace vials with pressurized soil air. Hereby,

the method avoids degassing of CO2 from the soil solution during the sampling

process, which is crucial for the quantification of DIC. We plan to sample soil solution

destructively one time per year at three depth increments at high spatial resolution at

approximately 15 locations chosen for detailed investigations of soil carbon pools.

Additionally, 10 suction cups per site will allow sampling of soil solution at 60 cm

depth and at the lower boundary of the rooted zone (1.0-1.5 m depth) at high

temporal resolution (e.g. 1 month) but low spatial resolution. Soil solution variables

that will be determined include pH, c(DIC), c(DOC), c(Ca2+), c(Mg2+), and the d13C of

DIC. Concentrations of Ca2+ and Mg2+ and d13C of DIC allow to distinguish between

biogenic DIC and lithogenic DIC (Jones & Mulholland, 1998; Telmer & Veizer, 1999).

In addition to soil solution, we plan to sample soil air using gas-tight syringes and

probes that consist of 20 ml szintillation bottles fitted to PE capillaries (Rothammel,

1992). The soil air probes will be sampled at the same frequency as the suction cups.

Partial pressures of CO2 in soil air enable to calculate DIC concentrations by applying

Henry´s law and using soil solution pH and carbonate equilibria to constrain the DIC

concentrations determined in soil solution samples. We will use the chemical

equilibrium model "visual MINTEQ" (USEPA and Royal Institute of Technology

Stockholm) to perform these calculations. Depending on the soils buffering system
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for acids, these calculations will include dissolution/precipitation of calcite, dolomite

and Al-hydroxides, next to ion exchange reactions, which might require additional

determinations of exchangeable cations and Al concentrations in soil solution.

Furthermore, soil air is needed for the destructive extraction of soil solution following

the method of Kaupenjohann & David (1996) as decribed above.

We suggest to estimate groundwater recharge from the soil water budget that is

calculated with a simple capacitance model (e.g. SWBM 2.0; Huwe, 1999). Required

input data are precipitation, (potential) evapotranspiration, and water storage

capacity of soils (field capacity). Calibration of the model is facilitated by data of soil

water contents as a function of time.

Costs

Instrumentation costs and laboratory analysis will be provided by a project funded by

the German Research Foundation (DFG). Site managers are expected to support the

sampling of suction cups and soil air probes with manpower.

Tasks and responsibilities

Funding by DFG will be requested by the Department of Soil Science of the Berlin

University of Technology (TUB) in cooperation with Martin Luther University Halle

(MLU). This funding will include personnel costs (1 PhD student, 3 years, affiliated to

TUB), travel costs, instruments, and laboratory analysis.

The project will be coordinated by TUB (Table 1) in close collaboration with MPI-

BCG. As stated above, sampling equipment (e.g. suction cups, soil air probes,

headspace vials, syringes, bottles, extraction containers) will be provided by the

proposed DFG project. TUB is responsible for the installation of suction cups and soil

air probes and for the destructive sampling of soil solution using the method of

Kaupenjohann & David (1996). Laboratory analysis of soil solution samples will be

done at TUB. TUB will derive the volume of groundwater recharge from the soil water

budget using meteorological data and a simple capacitance model (e.g. Huwe,

1999). As a result, TUB provides annual fluxes of DIC and DOC with drainage to

subsoils and aquifers that can be related to the aboveground carbon exchange and

to changes in stocks of soil carbon.

Participating site managers will have to allow access to their sites for soil coring and

installation of suction cups and soil air probes. Soil coring for destructive sampling of
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soil solution will imply the drilling of approximately 45 holes with a diameter of 10 cm

to a depth of <1.5 m during a three year period. These holes will be backfilled with

soil material immediately after extraction of soil solution. Suction cups and soil air

probes will be installed by coring 20 holes (5 suction cups and 5 soil air probes in 60

cm depth and below the rooted zone) of 2.5 cm diameter to a depth <1.5 m.

Site managers will be responsible for the sampling of the 10 soil air probes and the

10 suction cups at approximately monthly intervals. Soil air samples will be stored in

headspace vials flushed with soil air. Soil solution will be extracted by connecting the

suction cups to 2 l sampling bottles that had been evacuated in the laboratory.

Hence, a vacuum pump for the evacuation of sampling bottles in a laboratory near

the sampling site is useful. Soil solution samples will be stored in gas-tight

headspace vials and in PE bottles. The time need for the sampling of soil air probes

and suction cups is estimated to 1-2 man-days at each site. Soil solution samples

and soil air samples will be shipped to TUB for analysis.

Complementary data to be provided by the site managers to TUB for the calculation

of the soil water budget include precipitation, evapotranspiration and soil water

content.

Summarizing, the proposal offers site managers essential information on the ecology

and the carbon balance of their sites in return for a minimum input of manpower.

Time schedule

The preparation of an application for a DFG grant will start as soon as site managers

consent to collaborate and will likely be finished by the end of March 2004 (Table 1).

The current processing time of proposals by DFG is estimated to 6-8 month. If the

proposal has been approved, destructive sampling of soil solution and the installation

of suction cups and soil air probes starts in October/November 2004 with the begin of

the sampling campaign for soil carbon stocks of cropped sites. Depending on

weather conditions, the initial sampling and the installation of instruments will be

finished until June 2005. We suggest that the sampling of soil air and soil solution at

regular intervals starts immediately after installation. TUB will provide on-site training

of local staff. The analysis of soil solution samples and soil air samples will proceed

continuously to minimize the storage time of samples. Fluxes of DIC and DOC with

drainage will be calculated and reported at yearly intervals. The expected duration of

the project is 3 years. This means that the destructive sampling of soil solution will be
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repeated winter/spring 2005/2006 and 2006/2007. The sampling of soil air probes

and suction cups will end in May 2007 to allow the preparation of the final report

(which will be the PhD thesis) until November 2007.

Publication policy

We suggest to publish the results of the project as joint publication together with the

researchers that are running the sampling sites. As the project will be base for a PhD

thesis, it is essential that the PhD student affiliated to TUB can publish the results as

first author.
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Table 1: Overview of tasks, responsibilities and schedule

Task Responsible Start End

Evaluation of this proposal by the site managers Site managers Mar. 2004 Mar. 2004

Application for funding at DFG TUB, MLU, Feb. 2004 March 2004

Coordination of project TUB Nov. 2004 Nov. 2007

Destructive sampling of soil solution following Kaupenjohann & David (1996) TUB Nov. 2004 May 2007

Installation of soil air probes and suction cups TUB Nov. 2004 June 2005

Sampling of soil air probes and suction cups (approximately monthly intervals) Site managers Dec. 2004 May 2007

Analysis of soil air samples (partial pressure of CO2) TUB Dec. 2004 June 2007

Analysis of soil solution samples (pH, concentrations of DIC, DOC, Ca2+, Mg2+,

Al)

TUB Dec. 2004 June 2007

Calculation of groundwater recharge TUB May 2005 July 2007

Calculate fluxes of DIC and DOC with drainage TUB May 2005 August 2007
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