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Chapter 5 Mineralization of eroded organic carbon 

Abstract 

The fate of soil-derived organic carbon (SOC) transported during erosion is a large 
uncertainty in assessment of the impact of soil erosion on aquatic environments and in 
balancing carbon (C) budgets. In our study we determined C mineralization from solid soil 
organic C and dissolved organic C (DOC) translocated from a loess soil into surface water. 
We used runoff generated during rainfall simulation experiments. Both total runoff C and 
DOC were incubated to measure CO2 evolution during 28-days experiments. Cumulative 
CO2 emissions from runoff accounted for 3.9 – 4.8% of initial runoff C. It was estimated that 
3.3 to 3.7% of initial solid SOC was mineralized contributing to 69 – 80% of total C 
mineralization from runoff. Mineralization of DOC was larger (7.3 – 30.2% of initial DOC) 
and showed a much larger variability than mineralization from solid SOC. However, DOC 
mineralization contributed to 20 – 31% of total C mineralization from runoff only because of 
the much smaller amounts of DOC than solid SOC. We could confirm a preferential removal 
of labile C from soils by water erosion. Nevertheless, the majority of this C will contribute to 
an aquatic C sink with less than 5% being potentially mineralizable. Our results indicated that 
the base level of C mineralization from translocated C was derived from the solid phase 
whereas the variability depends largely on DOC.  
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Chapter 5 Mineralization of eroded organic carbon 

5.1 Introduction 

The transport and fate of soil-derived organic carbon (SOC) from land to water has been 
receiving increasing attention. Translocated SOC connects terrestrial and aquatic ecosystems 
and is therefore of great importance for balancing regional or global C budgets, predicting 
changes in aquatic metabolism, and managing water quality (Battin et al., 2008; Stutter et al., 
2013).  

Van Hemelryck et al. (2010) and Wang et al. (2010) both stressed the importance of 
understanding the fate of SOC delivered to aquatic ecosystems due to soil erosion. It has been 
shown that a significant proportion of translocated SOC could be mineralized into CO2 and 
emitted to the atmosphere (about 40% of terrestrial C translocated into aquatic environments; 
Cole et al., 2007; Yoon and Raymond, 2012). Jacinthe et al. (2002) incubated runoff samples 
collected from a laboratory rainfall simulation experiment and estimated that a large fraction 
of the runoff C (29 – 35%) could be mineralized during 100 days of incubation.  

Organic carbon transported in runoff generally consists of solid forms of SOC and liquid 
components as dissolved organic C (DOC) (Jacinthe and Lal, 2001). Several studies on the 
mineralization of eroded SOC were conducted using eroded sediments (e.g. Mora et al., 2007; 
Polyakov and Lal, 2004; Van Hemelryck et al., 2010). However, there is little information 
available to distinguish between the mineralization of solid and liquid SOC components in the 
aquatic environment.  

Sediments transported were enriched in SOC in comparison to source soils, including a large 
proportion of labile organic C, defined as the free light fraction determined by density 
fractionation (Gregorich et al., 1998). This fraction represents particulate organic C not bound 
to minerals, nor occluded within aggregates. Thus, this preferential mobilized solid SOC 
could be particularly susceptible to microbial decomposition (Jacinthe et al., 2004; Zhang et 
al., 2006).  

Dissolved organic C (DOC) comprises only a small portion of SOC, but it has a pivotal 
influence on the C budget and cycling (Cole et al., 2007; Kalbitz et al., 2003a). The fate of 
DOC exported from terrestrial into aquatic ecosystems constitutes a large uncertainty in 
global carbon models (Stutter et al., 2013). Mineralization of DOC is quite variable, being 
also dependent on the scale of the experimental approach chosen. Stutter et al. (2013) 
estimated that 11.1% of stream DOC was returned to the atmosphere as CO2 based on 41-
days laboratory incubation. Worrall et al. (2012) modeled C fluxes in UK rivers and 
calculated that 70 to 78% of DOC released from terrestrial sources could be lost from the 
catchment.  
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The lack of quantitative assessments of the mineralization of different forms of SOC 
transported from soils into aquatic ecosystems hampers our understanding of the fate of 
translocated SOC and how the terrestrial and aquatic C cycling is linked together. The main 
objective of the present study was therefore (i) to determine the mineralization of SOC that is 
translocated through runoff into the aquatic environment after erosion events and, (ii) to 
assess the contributions of solid and liquid forms of exported SOC to total runoff C 
mineralization. Two incubation experiments were carried out to determine CO2 evolution 
from total runoff and DOC. Samples used for the incubations were collected from rainfall 
simulation experiments using a loess soil. On a global scale, these soils are both very 
important for agriculture and particularly susceptible to erosion (Le Bissonnais et al., 1995). 

 

5.2 Materials and Methods  

Sampling and experimental design 

We used runoff sampled from a replicated rainfall simulation experiment. A sieved loess soil 
(<8 mm; Ap material of a Haplic Luvisol according to WRB 2006) was used to fill three 1.5 
m2 experimental gutters (3.75 m × 0.40 m) with a slope of 15° to simulate water erosion and 
to generate runoff. Soil organic C and total nitrogen (TN) contents were 1.07% and 0.11%. 
Soil pH (1:2.5 H2O) was 6.5. Additional soil properties and more information on the setup of 
the rainfall simulation experiments were given by Chapter 4. 

Four replicated rainfall simulations of about 18 minutes with a mean intensity of 41.8±1.9 
mm h-1 were performed about once per month between December 2011 and March 2012. 
During each rainfall event, total runoff was collected at the end of the gutters. Composite 
runoff samples of the first and the last rainfall event were used for the 28-days incubation 
experiments and further analysis (e.g. DOC, nutrients, Table 5.1) including fractionation by 
sodium polytungstate (NaPT) solution with a density of 1.6 g cm-3 (Cerli et al., 2012; Golchin 
et al., 1994) into particulate organic C (free and occluded within aggregates) and mineral-
associated organic C (Table 5.1).  

 

Incubation experiments 

Both total runoff and DOC derived from the first and last simulated rainfall event were 
incubated for 28-days to determine C mineralization. Dissolved OC was obtained by filtering 
runoff samples using 0.45 µm pore size filters (Whatman GF/F membranes). Solid SOC is 
defined as the fraction of SOC in the runoff that did not pass through this 0.45 µm filter. 
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For each incubation experiment, 40 mL runoff samples and filtered runoff solutions (i.e. 
DOC) were transferred into 120 mL glass incubation bottles that were subsequently 
stoppered, sealed and flushed with laboratory air. Each DOC solution was inoculated with 1 
mL corresponding runoff sample to homogenize the microbial community in both types of 
samples. In order to equalize final volumes, 1 mL deionized water was added to each runoff 
sample. A glucose solution (40 mL, 20 mg C L-1, nutrients added according to C/N/P ratio 
100/10/1) was used to test the performance of the microbial inoculum with 65% of glucose C 
being respired within 28 days. The water used for the rainfall simulation was incubated as a 
second control. All experiments were conducted at 20°C in the dark. Concentrations of CO2 
in the headspace were measured at 1, 3, 7, 10, 14, 21, 28 days by gas chromatography (Varian 
STAR 3600, Palo Alto, California, USA) after manual injection of 20 μl gas. CO2 was 
allowed to accumulate in the bottles during the entire incubation period. Maximum CO2 
concentration in the headspace did not exceed 3%. Air pressure in the headspace was 
measured by a tensiometer (TC 1085, Tensio Technik, Geisenheim, Germany). The pH was 
measured at the beginning and end of the incubation to account for HCO3

-. Runoff and 
separated DOC from each of the three gutters was incubated in triplicate resulting in 9 
replications per rainfall event. CO2 concentrations in the gas phase were calculated using the 
general gas equation, and by using solubility constants and the measured pH at the beginning 
and end of the incubation we calculated the CO2 in the liquid phase. CO2 concentrations in 
the gas and liquid phase were used to calculate cumulative C mineralization from total runoff 
and DOC. This data was used for statistical analysis.  

 

Chemical and statistical and analysis 

Concentration of DOC was determined by a TOC analyzer (TOC-VCPH, Shimadzu, Kyoto, 
Japan). Concentrations of nutrients in runoff samples, e.g. total nitrogen (TN), NO3-N, NH4-
N, PO4-P were determined by an automated wet chemistry analyzer-continuous flow (Skalar 
SAN++ System, Breda, The Netherlands). Dissolved organic N (DON) was calculated as the 
difference between total and inorganic N. In addition, pH and EC were measured by a multi-
parameter analyzer (CONSORT C832, Abcoude, the Netherlands). Carbon and N contents in 
sediments and density fractions were determined by dry combustion using an elemental 
analyzer (Elementar Vario EL, Hanau, Germany).  

Cumulative C mineralization for the solid and the liquid phase and the two rainfall events 
were compared using the Student’s t-test (p<0.05). Mineralization from solid SOC was 
calculated as the difference between total C mineralization from runoff and DOC 
mineralization. We chose a first-order kinetic model to fit the C mineralization data (Figure 
5.1).
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Table 5.1 Basic properties of initial runoff and dissolved organic carbon (DOC) derived from the first and the last rainfall event. Suspended 
solid concentration, SSC; free particulate organic carbon, fPOC; occluded particulate organic carbon, oPOC; mineral-associated organic 
carbon, MOC. 

    Solid phase Dissolved phase 

  SSC C N fPOC  oPOC  MOC C/N pH  EC DOC  DON 
NO3-
N 

DOC/DON  PO4-P DOC  

Events Gutter (g/L) (%) (%) 
(% 
sediment ) 

(% 
sediment) 

(% 
sediment) 

  (µs) (mg/L) (mg/L) (mg/L)   (mg/L) 
(% total 
runoff C) 

First 1 0.9 2.8 0.3 0.13 0.20 2.0 8.5 5.9 22.4 7.5 0.7 0.4 11.5 0.3 22.5 

 2 1.1 2.5 0.3 0.10 0.16 2.2 8.7 5.8 18.0 7.0 0.3 0.3 25.8 0.4 20.2 

 3 1.4 2.2 0.3 0.19 0.16 1.8 8.6 5.9 19.7 7.3 0.4 0.2 17.3 0.4 18.8 

 Mean 1.1 2.5 0.3 0.14 0.18 2.0 8.6 5.8 20.0 7.2 0.5 0.3 16.2 0.4 20.5 

Last 1 1.9 2.2 0.3 0.07 0.12 1.5 8.0 6.0 22.4 1.2 0.3 0.3 4.7 0.3 3.0 

 2 1.7 2.3 0.3 0.11 0.15 1.7 7.8 6.0 26.4 1.1 0.1 0.8 9.4 0.4 2.8 

 3 3.4 2.0 0.2 0.06 0.11 1.2 8.2 6.1 37.0 0.9 0.1 0.3 7.2 0.4 1.4 

  Mean 2.3 2.1 0.3 0.08 0.13 1.5 8.0 6.0 28.6 1.1 0.2 0.5 6.4 0.3 2.4 
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5.3 Results and discussion  

Characteristics of initial runoff and DOC  

Suspended solid concentrations (SSC) varied from 0.9 to 3.4 g L-1 with mean value of 1.1 g L-

1 in the first rainfall event which significantly increased to 2.3 g L-1 in the last event indicating 
that sediment transported increased over the series of rainfall events (Table 5.1). Initial DOC 
concentrations varied from 0.9 to 7.5 mg L-1 and were significantly lower in the last event 
(Table 5.1). Similar as DOC, DON decreased from the first to the last rainfall event, ranging 
between 0.10 and 0.65 mg N L-1. DOC/DON ratios ranged from 4.7 and 25.8. These results 
indicated significant changes in amounts and composition of runoff C from the first to the last 
event with an increasing proportion of solid SOC and a change from plant-derived DOC (high 
DOC/DON ratio) to microbial-derived DOC (low DOC/DON ratio; Aiken and Cotsaris, 1995; 
Kalbitz et al., 2003ab; McDowell et al., 2004). Changes in soil type, geomorphic conditions, 
land use and in the type of erosion (e.g., rill erosion vs. gully erosion) will change the 
composition of runoff too affecting C mineralization (e.g., Jacinthe et al., 2004, Juarez et al., 
2011). Systematic studies are necessary to determine effects of such changes in environmental 
conditions on runoff composition and mineralization.  

 

Carbon mineralization from total runoff 

Cumulative CO2 emissions from runoff derived from the first rainfall event accounted for 
4.8% of initial runoff C, which decreased to 3.9% for runoff C derived from the last event 
(Figure 5.1 and 5.2). Although a significant proportion of the runoff C could be mineralized in 
a short period of time, the majority of eroded SOC was relatively stable and could contribute 
to an aquatic C sink. However, the short-term character of our experiment and the almost 
linear increase instead of the expected asymptotic decrease of runoff C mineralization derived 
from the first rainfall event (Figure 5.1) make long-term predictions difficult. Nevertheless, 
the observed C mineralization was substantially lower than in earlier experiments by Jacinthe 
et al. (2002) using similar periods of time. They incubated eroded C collected from a 
laboratory rainfall simulation experiment with a rainfall intensity of 30 mm h-1 and found that 
14 to 19% of runoff C was mineralized in 20 days. We used a slightly larger rainfall intensity 
of 42 mm h-1. The observed smaller mineralization would fit with the hypothesis by Jacinthe 
et al. (2004) that storm events with a relatively high intensity should result in less detachment 
of labile C.  
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Figure 5.1 Cumulative CO2 emission (% of runoff C) from runoff and dissolved organic carbon 
(DOC) during a 28-days period. The error bars represent standard error from the mean (9 replicates). 
“Runoff first event”, “DOC first event” and “Runoff last event”, “DOC last event” mean that the 
samples were collected during the first and last event of a rainfall simulation experiment, respectively 
(Chapter 4). The mineralization data were best described using a first order kinetic exponential model 
with the following equation: 

                   Mineralized C [% of initial C] = A [1 – exp (–kt)] 

Where k is the mineralization rate constant, A is the mineralizable C (% of initial C), t is time (d). 
Curve fitting was done using SigmaPlot (version 12.0). 

 

Figure 5.2 Cumulative emission of CO2 (% of runoff C) after 28 days from solid soil organic carbon 
(SOC) and dissovled organic carbon (DOC) which were collected during the first and last event of a 
rainfall simulation experiment. The number shows the contribution of solid SOC mineralization to 
total runoff C mineralization. 
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Mineralization of solid soil organic carbon 

Approximately 3.3 to 3.7% of initial solid SOC were respired after 28 days (Figure 5.3). This 
mineralization was substantially higher than SOC mineralization in a normal topsoil soil with 
comparable soil properties (2.5 to 3.0% of SOC; Chapter 2; Wang et al., 2013). The 
calculated potentially mineralizable proportions of solid SOC (4 – 13% of SOC) using a first-
order kinetic model (Figure 1) were larger than those for a similar loess topsoil incubated at 
similar conditions and following a first-order kinetic decay (0.4 – 2.2% of SOC; Chapter 3). 
However, the mineralization rate constants were similar (k-values: 0.01 – 0.04 day-1). The 
relatively high proportions of mineralizable C indicate a preferential erosion and translocation 
of labile C. Particulate organic C (POC), which is not bound to soil minerals, is considered to 
be labile (Golchin et al., 1994). Preferential erosion and translocation of particulate organic C 
has been found during our rainfall simulation experiment (Chapter 4) and in other studies as 
well (Gregorich et al., 1998; Juarez et al., 2011; Wang et al., 2010). Erosion does also 
increase the pool of potentially mineralizable SOC because aggregates will be disturbed 
resulting in release of labile organic C previously occluded and protected in the aggregates 
(Jacinthe et al., 2001; Chapter 3). However, this disruption of aggregates and the transport of 
SOC by overland flow did not change the composition of SOC exposed to mineralization as 
indicated by unchanged mineralization rate constants. Juarez et al. (2011) pointed out that 
eroded SOC often consists of labile C composed of fresh litter or plant residues. Our results 
were comparable with those of previous studies based on the incubation of eroded sediments 
(Mora et al., 2007; Polyakov and Lal, 2004) although these authors did not use an incubation 
of soil suspensions as we did. From these results, we might assume that less than 5% of total 
eroded solid organic C can be mineralized. The reported large mineralization of runoff C by 
Jacinthe et al. (2004; 14 to 19% in 20 days, 30 to 40% in 115-days) cannot be directly related 
to mineralization of solid organic C because they did not distinguish between solid and 
dissolved forms of C. Jacinthe et al. (2004) attributed their large C mineralization to erosion 
and translocation of soil being 10-20 times enriched in labile organic C in comparison to 
topsoil which seems to be not very likely. We would argue that DOC had a much larger 
importance in their study than commonly assumed (as discussed below). 

The proportion of mineralizable solid SOC tended to decrease from the first to the last rainfall 
event (Figure 5.3) indicating that water removed more labile solid C at the beginning of 
eroding events than during later events. This hypothesis is supported by the measured larger 
enrichment in POC of the redistributed sediments of the first rainfall event in comparison to 
the last event (Chapter 4). Enrichment in POC means depletion in SOC associated with 
minerals. Less protection of organic C by interactions with minerals at the beginning of 
eroding events will result in larger C mineralization.  
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Figure 5.3 Cumulative mineralization of solid soil organic carbon (SOC; % of initial C) and dissolved 
organic  carbon (DOC; % of initial C) during two 28-days incubations. The samples were collected 
during the first and last event of a rainfall simulation experiment (Chapter 4). Error bars represent 
standard error of the mean  (9 replicates). 

 

Mineralization of dissolved organic carbon – contribution to total C 
mineralization from runoff  

Dissolved organic C represents the most labile C fraction in soils and has the potential to be 
mineralized very quickly in aquatic ecosystems (Hansell et al., 2004). In the present study, 
between 7.3 and 30.2% of initial DOC was mineralized (Figure 5.3) with a much larger 
mineralization of the samples from the last rainfall event. Our results are well in the range of 
other studies highlighting the large variability of degradable DOC (5-93% microbially 
degradable in laboratory incubation; Jacinthe et al., 2004; Kalbitz, et al., 2003a; Stutter et al., 
2013). In arable soils, microbially degradable DOC should be less variable with commonly 
reported values of about 15 to 40% (Boyer and Groffman, 1996; Kalbitz et al., 2003a; Nelson 
et al., 1994; Zsolnay and Steindl, 1991), which is similar to the range we detected. The large 
differences in DOC mineralization between the two rainfall events can be related to 
differences in DOC properties and its sources. High DOC/DON ratios of the first event 
indicate a plant source with probably a large contribution of stable lignin-derived compounds 
(Kalbitz et al., 2003ab) whereas the very low DOC/DON ratios of the last event clearly 
indicate a microbial origin of DOC with a high degradability. We assume that in the course of 
the four rainfall events plant-derived organic C was continuously removed by water resulting 
in topsoil depleted in plant debris. The experimental setup of the rainfall simulation 
experiment did not allow plant growth and therefore plant C could not be replenished. 
However, microbial processing of organic matter went on during the entire experiment 
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resulting in a relative enrichment of microbial-derived C in the soil – the main source of DOC 
during the last rainfall event.  

These changes in the main source of DOC from more plant-derived to microbial derived were 
accompanied by a large reduction in amounts of DOC transported by runoff (Table 5.1). This 
large reduction in the amounts of DOC resulted in a decreased contribution of DOC to total C 
mineralization from runoff. This proportion of DOC decreased from 31% in the samples from 
the first rainfall event to 20% in those from the last event (Figure 5.2). Although 
mineralization of solid SOC was much lower than that of DOC, solid SOC was the dominant 
source for atmospheric CO2 from eroded soil translocated to aquatic environments (69 to 
80%) because of its much larger quantity. The larger degradability of DOC resulted in an 
important role in runoff C mineralization particularly at the beginning of the incubation 
(Figure 5.1). This means that large flushes in C mineralization after erosion events can be 
expected at high DOC concentrations, i.e. at the beginning of such events. Mineralization of 
solid SOC was also by far less variable than DOC mineralization. Variability in CO2 
emissions from eroded soil material is therefore particularly related to the amounts and 
degradability of DOC.  

 

5.4 Implications 

A significant portion (3.9 to 4.8%) of eroded C transported from loess soils into aquatic 
environments was mineralized to CO2 indicating a preferential removal of labile forms of C 
from soils. However, the majority of SOC delivered by overland flow will remain in aquatic 
ecosystems contributing to an erosion related aquatic C sink. Our results do support findings 
by Van Oost et al. (2007) indicating small mineralization of eroded and transported SOC. We 
did not find evidence for the often-assumed large C mineralization during SOC redistribution 
(summarized by Lal and Pimentel, 2008). However, improved estimations of the impact of 
soil redistribution on C mineralization require a long-term perspective on C mineralization in 
terrestrial and aquatic environments including different soil types, land uses, types of soil 
erosion, and geomorphic gradients.  

Solid SOC was less degradable than DOC but accounted for 69 – 80% of total C 
mineralization from runoff because of its large contribution to total C export into aquatic 
environments (79–98%). Dissolved organic C contributed only little (2–21%) to total C 
export but the variability of CO2 emissions from runoff depends to a large extent on DOC. 
Different amounts and mineralization rates of solid SOC and DOC, and their potentially 
different effects on aquatic communities emphasize the need to determine both fractions 
separately for getting an overall picture of soil erosion impacts on aquatic environments.  
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