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Globally increasing DOC concentrations ïalso in Saxony

Fotos: A. Stephani, S. Krüger
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Environmental conditions promoting high DOC fluxes from soils into water

ÇLarge carbon stocks (forest floor horizons, peatlands, mineral soils)

ÇHigh proportion of peatlands in the catchment + degrading peatlands

ÇHigh frequency of heavy rainfall /extreme events ïreduced passage of the mineral soil

ÇReducing conditions in the soil

Terrestrial Ăworldñ Aquatic Ăworldñ

Combine

To monitor / experiment

Joint data processing
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DOC sources in streams of forested catchments in mountainous areas

Soils of the catchment ïhigh stocks of soil organic matter

Ç Peat

Ç Forest floor

Ç Mineral soil

DOC: < 1% 

soil organic 

carbon

Potential DOC sources
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Background and objectives

Kleine Bockau Feb 2021:

12 mg C L-1

Neudecker Bach 

Feb 2021: 25 mg C L-1

ÁDrivers and controls of increasing 

DOC concentrations

ÁSecure water quality

ÁAssessment of spatial and temporal 

variations in DOC export from soils to 

surface waters

ÁWhich areas have highest DOC export 

potential? And when?



Study site ïheadwater catchment Sosa (German Ore mountains)

ÁFocus on two main DOC sources: 

organic (peat) und mineral soils

ÁUse of 2 sub catchments with different 

proportions of organic soils

Soil sites

4 representative soil types

Á Podzol

Á Cambisol

Á Peat

Á Highly degraded peat

Stream sites

2 × 2 sub catchments

ÁM1 mineral soil dominated

ÁM2 mineral soil dominated

ÁP1 peat dominated

ÁP2: peat and mineral soil 

dominated
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Soil- and stream water sampling and analyses

Soil sites
Suction plates
Soil water:

DOC

DON = TN ī NH4
+-N ī NO3

ī-N

DOM composition

Stream sites

Suction cups + 

tensiometers

Soil water + water potential

weir + water level sensor

discharge

Fluorescence probe, automatic sampler

Continuous measurements, event-based 

sampling

Biweekly sampling + analyses

Suction cups + 

tensiometers

Soil water + water potential



DOC in soil and water (connected streams)

Mineral soils Organic soils

soil water soil water

CambisolPodzol Peat Degraded peat

Áhighest DOC concentrations in upper parts of mineral soils but strong retention in deeper soil layers (high 

DOC concentrations in all Podzol horizons)

ÁPeat: high DOC concentrations in all depths



DON in soil and water (connected streams)

Áhighest DON concentrations in upper parts of mineral soils

ÁPeat: relatively low DON concentrations in all depths
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Mineral soils Organic soils

soil water soil water

CambisolPodzol Peat Degraded peat



ÁPeat DOM: plant-derived; less microbial processing & sorptive retention/fractionation 

ÁMineral soil DOM: more microbially processed & sorptive retention/fractionation 

DOC:DON ratios in soil and water (connected streams)

Mineral soils Organic soils

soil water soil water



Temporal variability of DOC concentrations in soil

ÁHigh variability in the forest floor and in surface peat horizons with peaks mainly in Spring and Summer

ÁPeat: snowmelt ïdilution in the upper part (lower DOC concentrations)

Cambisol PeatPodzol Degraded peat

Mineral soils Organic soils



ÁPeaks after snowmelt and heavy rainfall events in all streams 

ÁRelative increase in DOC concentrations highest in streams less affected by peat

Temporal variation of DOC concentrations in streams



Temporal variation of DOC concentrations in streams

Heavy rainfall event

ÁVery fast change in DOC concentrations ïdoubling within a few hours
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What does it mean for DOC fluxes from soils into the Sosa reservoir?

× Specific DOC loads from different source areas

× Effects of high water fluxes 

Temporal variation of DOC concentrations in streams
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Letôs get some high-resolution data
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g = gravity acceleration [9.81 m/s²]

µ = runoff coefficent [-]
ʻ= angle [-]

h1 = weir head [m]

(Morgenschweiß, 2018)



YSI-EXO2
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Letôs get some high-resolution data



YSI-EXO2
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YSI-EXO2
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YSI-EXO2
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YSI-EXO2
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Summer brings 

high DOC 

concentrations

All year 

constant 

background 

concentration 

with short 

peaks during 

discharge 

events

YSI-EXO2
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Summer brings 

high DOC 

concentrations

All year 

constant 

background 

concentration 

with short 

peaks during 

discharge 
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YSI-EXO2
P1 has the 

highest DOC 

concentration 

M2 has the 

highest DOC 

load

Decreasing 

proportion of 

organic soils 

ïdecreasing 

specific loads
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YSI-EXO2
P1 has the 

highest DOC 

concentration 

M2 has the 

highest DOC 

load

Decreasing 

proportion of 

organic soils 

ïdecreasing 

specific loads

Loads determined by high-resolution 

measurements are almost 2 times 

higher than measured by 

conventional samplings (monthly)
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YSI-EXO2

Winter brings 

mainly plant-

derived 

material

Summer brings 

mainly 

microbial-

derived 

material 

(mineral soil)

All year 

mainly 

microbial-

derived 

material 

(mineral soil)
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Peaks in DOC ï

mainly plant-

derived (peat, 

forest floor)



Main DOC sources in the catchment

Use of the composition of DOM for characterizing 

different DOC sources ïnot just DOC/DON ratios

Ç Peat

Ç Forest floor

Ç Mineral soil

Potential DOC sources
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Main DOC sources in the catchment ïDOM composition

Fluorescence spectroscopy + parallel 

factor analysis (PARAFAC) 

Pyrolysis gas chromatography 

mass spectrometry

27



Main DOC sources in the catchment ïDOM composition

Fluorescence spectroscopy + parallel factor analysis (PARAFAC) 
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Soil water: 

× C1 and C2: typical for organic soil 

horizons (peat and forest floor)

× C3: typical for mineral soil horizons 

Stream water: 

× Streams with higher proportions 

of organic soils (P1, P2) ïhigher 

contribution of C2

× Streams with lower proportions of 

organic soils (M1, M2) ïhigher 

contribution of C3



Main DOC sources in the catchment ïDOM composition

Pyrolysis gas chromatography mass spectrometry (> 100 soil and water samples)

chemical analysis Semi-automated pipeline using R PCA and source identification
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P1

P2

P2

M1

M2


