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We welcome the comment by Kalbitz et al. (2017) on our recent paper in which we examined 

long-term time series of concentrations of dissolved organic carbon (DOC) and phosphate 

from 110 streams in Germany. We concluded that increasing concentrations of both DOC and 

phosphate were governed by the reduction of iron(III)-minerals in riparian soils and the 

associated release of the adsorbed compounds. We explained the decreasing stability of the 

iron minerals by declining nitrogen depositions and thus decreasing nitrate redox buffers in 

riparian wetland soils (Musolff et al., 2017). Kalbitz et al. (2017) raised three major points to 

challenge our conclusions, which we accordingly address: 

 

(I) The ratio at which DOC and iron increased in our streams (molar DOC:Fe ratio: 39) was 

much higher than the typical adsorption capacity of iron oxides for organic carbon (OC) in 

soils (≤ 6-10). We think that it is not the adsorption capacity that matters here, but rather the 

ratio at which DOC and iron are mobilized through reductive processes. Indeed, experimental 

studies demonstrated a joint reductive mobilization from wetland soils with OC:Fe ratios of 

15-52 (Cabezas et al., 2013) and 38-41 (Grybos et al., 2007; Grybos et al., 2009) which is 

comparable to our observations. In addition, a significant fraction of mobilized iron is 

precipitated or fixed as colloids at the soil-stream interface further increasing the OC:Fe ratio 

in the dissolved phase (Neubauer et al., 2013). We recognize that the criticized remark in 

Musolff et al. (2017) did not sufficiently address these issues. 

 

(II) Nitrogen depositions in Europe and North America began to decrease only in the last 

decade while DOC concentration increases started much earlier. Nitrogen depositions 

steadily declined in the EU between 1985 and 2007 to 71% (Fig. 1). In the US, regional 

deposition patterns changed after 1990-1992 (Li et al., 2016). Considering that pronounced 

DOC increases were recorded in the 1990s and afterwards, we see no temporal mismatch 

between trends in nitrogen deposition and stream DOC. 
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(III) Increased phosphate mobilization does not indicate reductive processes but may be 

related to temperature and changing pH. Within the studied streams we note a significant 

correlation between trends of phosphate and dissolved iron (R
2
 = 0.60, P < 0.001). In 

contrast, neither trends of phosphate and pH (R
2
 = 0.03, P > 0.1) nor trends of phosphate and 

water temperature (R
2
 = 0.00, P > 0.1) were related. 

 

In a non-linear system of redox-buffering and with low nitrate availability, small changes in 

nitrate can induce strong non-stoichiometrical responses in iron reduction (Achtnich et al., 

1995). The critical nitrate concentrations may differ between sites as iron reduction is 

influenced by a suite of parameters such as concentration of iron, other electron acceptors 

(e.g. sulfate), pH, aluminum and aggregation of Fe-nanoparticles.  

In conclusion we state that increasing reductive dissolution of iron minerals in riparian soils 

is a plausible biogeochemical control of the observed increasing concentration of phosphate 

and DOC in streams. Its significance for DOC-export at catchment scales is owed to the role 

of riparian zones as major source zones of event discharge in temperate climates (Dunne & 

Black, 1970). A joint effort of both data analyses and experimental work is needed to further 

explore the significance of iron reduction for the water quality issues discussed above. 

 

Figure 1: Long-term records of nitrogen depositions in European countries as well as of 

average stream solute concentrations for 13 selected German stream. (a) Nitrogen (reduced 

plus oxidized) deposition (MSC-W, 2014). (b) Relative concentrations of DOC, dissolved 

iron and of nitrate from the 13 streams. For each stream, annual mean concentrations were 

calculated from Box-Cox transformed data. The annual means were then standardized 

relative to the first year of the observations. For individual years, medians were calculated 

from the standardized values of all streams. The selected streams represent those from 

(Musolff et al., 2017) with significant DOC increases and pH values ≤6. 
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