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We would like to thank the reviewer for her/his critical, concise and conscientious com-

ments, which helped to improve the quality of this manuscript. Our response follows

the outline of the comments given by the reviewer.

General comments: Referee:This manuscript reports a study on the effects of calcium

ammonium nitrate and pig slurry on the composition and concentration of dissolved

organic matter in two soils. In general, the manuscript is well structured and written. Printer-friendly version

However, there are many studies in the literature covering this topic and using similar

approaches (e.g., Tye and Lapworth, 2016; Li et al., 2019; Seifert et al., 2016), some Discussion paper

cited by the authors. Other major concern is that only two soils were used. This hardly
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represents a wide variety of soil textures and makes the results hardly generalizable.

Answer: Most studies evaluating the effects of fertilization on dissolved organic carbon
(DOC) concentrations and dissolved organic matter (DOM) composition have been
based on the analysis of water extractable soil organic matter (WEOM) in disturbed
soil samples (De Troyer et al., 2011; Gao et al., 2016; Gonet and Debska, 2011; Lei
et al., 2017; Seifert et al., 2016; Tye and Lapworth, 2016; Wang et al., 2016; Xu et
al., 2018; Zhang et al., 2019). However, due to the destructive sampling, the WEOM
method may overestimate the immobile fraction of organic matter, which is permanently
or temporarily sorbed onto soil particles (Guigue et al., 2015). Deviations between
the WEOM content and the actually leached DOC concentrations have been already
demonstrated with zero tension lysimeters by Lu et al. (2013). In addition, the lack of a
standardised method to acquire WEOM is challenging. “This is crucial since WEOM is
affected by several factors, such as the composition of the extractant (deionised water
or diluted salt solution), soil pre-treatment (fresh or air-dried), soil solution ratios, and
the contact time (De Feudis et al., 2017)- direct quote L356- 358”. We have addressed
this issue in L 83- 88 and L355- 366 of our manuscript, respectively.

To overcome these problems, we decided to use undisturbed soil samples in a con-
trolled scientific laboratory experiment with microlysimeters. The complexity of the
experimental setup limited the number of possible soils/replicates. However, we are
convinced that using undisturbed soil samples in a laboratory experiment provided a
more realistic picture of the soil leaching processes, while the controlled conditions in
the laboratory facilitated the understanding of the underlying mechanisms. Because
of the limited number of soils that could be tested, we decided to focus on two soils
differing in soil texture, as literature has shown that soil texture is a driving factor for
leaching (Autio et al., 2016). We selected silt loam , because it is one of the most
dominating textures in European agriculture (Ballabio et al., 2016), and compared this
with a loamy sand because of its different soil physical properties.

A number of studies assessed the effects of fertilizer on organic matter cycling and
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organic carbon leaching either with mineral (Fréberg et al., 2013; Liang et al., 2016; Lu
et al., 2013; McDowell et al., 2004; Sj6berg et al., 2003; Tian et al., 2017) or organic
fertilizers (Adams et al., 2005; Lloyd et al., 2012; Long et al., 2015). However, only
few studies compared the effects of both mineral and organic fertilizers on organic
carbon leaching directly in the same experiment (Gonet and Debska, 2011; Manna et
al., 2005; Xu et al., 2018). Our study demonstrates that organic and inorganic fertilizer
show partly similar and partly deviating effects on the leaching due to the provision
of either nutrients alone or nutrients plus organic matter. We consider this a crucial
information for further soil leaching studies. Thus, we think that our study will contribute
significantly to the mechanistic understanding of DOC leaching from undisturbed soils
due to the four-factorial design of different soil textures and different fertilizer types,
even though the number of tested soils is restricted. However, the comments of both
reviewers had shown us that we need to stress the significance of our study and the
knowledge gain for the scientific community more clearly in a revised version.

Detailed comments on the manuscript: Referee: Remove “(DOM).” No need to define
or use abbreviations in the title. Answer: We will remove the abbreviation “(DOM)” in
the title as suggested.

Referee: L. 27. “highly dependent on” Answer: Original: Furthermore, the magnitude
of fertilization on DOC concentrations and DOM composition was highly depending on
the soil texture they originate from. Proposed modification: Furthermore, the magni-
tude of fertilization on DOC concentrations and DOM composition was interrelated with
soil texture.

Referee: L. 28. This last sentence is not clear. Please clarify. Answer: Original: At
ecosystem level, a sufficiently long soil passage might mitigate the impact of fertiliza-
tion on soil DOM. Proposed modification: Due to sorption processes and microbial de-
composition throughout the soil profile, soil passage may overlay the fertilizer-induced
changes of DOM composition.
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Referee: L. 38. “generously dimensioned fertilizer application rates” Please reword.
Answer: Original: Decades of generously dimensioned fertilizer application rates have
increased the overall nitrogen content in soils, thus. . . Proposed modification: Decades
of high fertilizer application rates have increased the overall nitrogen content in soils,
thus..

Referee: L. 46. Please clarify what you mean by “light availability.” Answer: Origi-
nal: “..and changes of in-stream microbial processes resulting from increased nutrient
and light availability” Proposed modification: In order to clarify the above-mentioned
statement, we propose to add the following sentence: “Deforestation of riparian forests
by farmers increases the light intensity in fluvial systems and, thus, stimulates algal
growth, which in turn alters the DOM composition.”

Referee: L. 58-59. Why are these results contradictory? Answer: Original: “Intensifi-
cation of agriculture tends to increase protein-like, labile, and microbially-transformed
organic matter with low redox states and low molecular weight and aromaticity (Wu
et al., 2019b; Hosen et al., 2014; Wilson and Xenopoulos, 2009). However, in some
studies, organic matter in agricultural streams exhibited highly complex structure with
a high level of humified and microbial-derived DOM (Graeber et al., 2012; Heinz et al.,
2015). These partly contradicting results arise. ..

Explanation: Graeber et al., 2012 and Heinz et al., 2015 found a higher degree of
humified DOM in agricultural streams (humic-like DOM), while the others discovered
increased proportions of fresh, microbial-derived DOM with a low degree of humifica-
tion in agricultural influenced streams (Wu et al., 2019b; Hosen et al., 2014; Wilson
and Xenopoulos, 2009). The reasons for these different results lie in the high number
of different influencing factors and the actual situation of the studied streams (e.g. land
use, agricultural practices, soil properties, climate, etc). We have already mentioned
this in the original manuscript (L59-61), but will address it more clearly in a revised
version (see proposed modifications below).
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Proposed modification: “Intensification of agriculture tends to increase protein-like, la-
bile, and microbially-transformed organic matter with low redox states and low molecu-
lar weight and aromaticity (Wu et al., 2019b; Hosen et al., 2014; Wilson and Xenopou-
los, 2009). Authors have explained this by the enhanced nutrient availability stimulating
autochthonous DOM production and decreased water retention times in the soils due
to tillage, amongst others. However, in some studies, organic matter in agricultural
streams exhibited a high level of humification and a low redox state (Graeber et al.,
2012; Heinz et al., 2015). These findings indicate that aquatic DOM is shaped by the
terrestrial DOM source, whereby its composition depends on the specific land use, soil
properties, agricultural management practices, the flow paths, by which the DOM is
transported to the stream (e.g., overland flow, groundwater, drainage water), and the
various in-stream microbial transformation processes (Stanley et al., 2012).”

Referee: L. 73. “... water inCow.” Provide a reference. Answer: Proposed modification:
Furthermore, leaching of nutrients and organic carbon is directly proportional to water
flow. (Fei et al., 2019).

Referee: L. 87-89. If the novelty of the study relies on the use on undisturbed soil
cores, the results should have been compared to those obtained using disturbed cores.
Answer: The main aim of our study was to investigate the effects of different fertilization
on DOM leaching in undisturbed soils and not to investigate the effects of disturbance
(disturbed vs. undisturbed soil cores). We used undisturbed soil cores to avoid effects
that may have been caused by disturbance as suggested by available literature.

Referee: L. 90. The reasons for these hypotheses need to be better explained (e.g.,
why do you expect higher DOC concentrations in coarser soils?). Answer: Original:
We hypothesized that: (1) Both, mineral and organic fertilization will increase the con-
centrations of leached dissolved organic carbon (DOC) in the soil pore water and will
shift DOM composition towards more labile compounds. (2) Pore water of coarser tex-
tured loamy sand will exhibit higher DOC concentrations than finer textured silt loam
soil.
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Proposed modification: We hypothesized that: 1) Fertilization fuels mineralization in the
soil, which will in turn increase the DOC concentration in the soil pore water percolating
through the soil. Additionally, fertilization will induce a shift in the composition of DOM
towards more labile compounds with lower molecular weight and less humicity. These
effects will be more pronounced in the organic fertilizer application than in the mineral
fertilizer, because the manure provides additional organic carbon to the soil. 2) Since
soil texture is a strong predictor of DOC leaching (Autio et al., 2016), we assume that
the coarser textured loamy sand soil is more prone to leaching than the finer textured
silty loam soil, resulting in a rapid increase of DOC in the leachate. Due to shorter
retention times and, thus, probably lower microbial decomposition, we expect that the
leached DOM of the loamy sand soil will consist of a higher share of humic compounds.
In a revised version, we will reorganize the introduction of this manuscript to specify the
hypothesis.

Referee: L. 114. Clarify how the different sampling times could have affected the
results. Answer: Due to the comprehensive experimental set-up (and sampling sched-
ule), including two fertilizer types and a control with four replicates each, we had to
perform the experiments with the two soils separately in consecutive order. This has
unavoidably led to some seasonal differences between the samplings, e.g. with re-
gard to the microbial activities. In order to minimize eventual seasonal effects, the soil
cores were acclimated under laboratory conditions 7 days before the start of the exper-
iment. Besides, the treatments were compared to a control to account for differences
in seasons or soil properties. In addition, we tried to minimize the effects of season
by facilitating similar (or maximum comparable) management preconditions of the soils
sampled. Both soils had been last treated with mineral fertilizer (NAC 27- calcium am-
monium nitrate) 5 months before the sampling. In both cases, crops had been removed
between 1 to 3 months prior to the experiment, the soils had been chiselled, and the
seedbeds had been prepared exactly 3 days before the sampling. We will add this
information in a revised version of the manuscript.
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Referee: L. 133. Why this speciinAc temperature and this speciinAc humidity? An-
swer: Original: The lysimeter experiments were conducted under controlled environ-
mental conditions of 17°C air temperature and 78 % relative humidity. Explanation:
The temperature and humidity of the laboratory environment was determined by the
process constraints of the microlysimeter set-up. However, our target air temperature
of > 15.6° was chosen to reflect the mean air temperature for the growing season from
April till October in Lower Austria (zamg.ac.at). We will add this information in a revised
version of the manuscript.

Proposed modification: The lysimeter experiments were conducted under controlled
environmental conditions of 78 % relative humidity and 17°C air temperature. The
latter was chosen to reflect the mean air temperature for the growing season from April
till October in Lower Austria (zamg.ac.at).

Referee: L. 133-134. The authors convey in the introduction that they intend to make
the study as realistic as possible Answer: Original: “The lysimeter experiments were
conducted under controlled environmental conditions of 17°C air temperature and 78
% relative humidity.” Explanation: In our experimental set-up, the term “as realistic
as possible” refers mainly to the soil structure and pore space of an undisturbed soil
and only partly to the environmental conditions (e.g. dark incubations, high humidity,
and moderate air temperatures; see L86-88). We will explain the term “ as realistic as
possible” more detailed in a revised version of the manuscript with specific reference
to soil structure to avoid misunderstandings.

Referee: L. 87. So why keeping the soils in the dark? Answer: Darkness was chosen
to avoid photodegradation of DOM and algal growth in the soil leachate sample.

Referee: L. 156. Soil organic C analysis needs to be conducted on inAnely ground
samples (not on 2-mm-sieved soils). Answer: Soil organic carbon was determined by
dry combustion, following the OENORM L 1080 (the Austrian normative on chemical
analysis of soil organic carbon TOC) and EN ISO 10 694, respectively. Therefore, soil
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samples were air- dried and sieved to 2 mm.

Referee: L.182-195. where inner inAlter effects considered for calculations based on
inCuorescence? Answer: Yes, the pre-processing of the dataset was done with the
“staRdom” package built for R (Pucher et al., 2019). Pre-processing of the dataset
included: blank subtraction, inner-filter effect correction and the removal and interpo-
lation of Rayleigh and Raman scattering of first and second order. In addition, the
outcomings of the PARAFAC- analysis were evaluated with a split-half analysis and the
obtained model was evaluated using correlations between the component (Murphy et
al., 2013). We will include this information in a revised version.

Referee: L. 200. Check the R version used (the version reported seems too old for
2019). Answer: The whole statistical analysis was done with R (3.5.0). This version
was chosen to run the package “staRdom”.

Referee: L. 225 | suggest reporting the exact p-values. Answer: Proposed modifica-
tion: We will include exact p-values in a revised version

Referee: L. 231. Report in mg per g of soil, or similar. Answer: Original: “Average
amounts of leached DOC ... ranged between 20.4 mg (silt loam, mineral fertilizer)
and 34.4 mg (....)...” These results reported the totally leached DOC throughout the
experiment for the soil core. Proposed modification: We have added the term “amount
for 3 times exchanged pore volume” to text.

Referee: L. 317. This is surprising indeed. The generalizability of these inAndings
and their implications needs to be better discussed. Answer: Original: “In contrast to
our original expectations of enhanced DOC leaching from fertilized soils, fertilization
reduced DOC concentrations of the leachate during the first 2-3 weeks. The only
exception was organic fertilization of a loamy sand, where similar DOC concentrations
as in the control were observed throughout the whole experiment.”

Explanation: We totally agree with the reviewer that these results are not only sur-
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prising, but that they may provide new insights into the underlying mechanisms of the
effects of fertilization on the DOC leaching from undisturbed soils, highlighting the sig-
nificance of our study for future research. We have tried to explain the mechanisms
leading to these results in the discussion following this line, but will improve this section
in a revised manuscript by disentangling the different, interacting mechanisms more
clearly. Basically, we have identified three different mechanisms behind the effects of
fertilization on the DOC leaching in undisturbed soils: 1. Nutrients (nitrate) stimulate
the mineralization of the soil organic matter and transformation of OC to CO2, resulting
in a decreased leaching of DOC. Evidence: the reduction of DOC leaching disappears
with the decrease in the nitrate leaching (this study) and other studies about inorganic
fertilizers in undisturbed soils show similar results (e.g. Lu et al. 2013; Sjéberg et al.
2003). Currently referred to in the manuscript in L325-332. 2. Organic fertilizer adds
organic carbon to the soil, thus potentially reducing or even compensating the above
mentioned effects of enhanced mineralization by nutrients. Evidence: the reduction of
DOC leaching is smaller in the organic fertilizer treatment than in the inorganic fertil-
izer treatment (this study) and other studies about organic fertilizer in undisturbed soils
show similar results (no effects or increased DOC leaching; see e.g. Long et al 2015,
Lloyd et al 2012). Currently referred to in the manuscript in L332-L337. 3. The water
retention time, determined by the soil texture, influences the amount of soil processing
(mineralisation) versus transportation; thus, in the loamy sand with organic fertilizer,
DOC leaching prevails; Currently discussed in the manuscript in L340-351.

Referee: L. 373. “higher microbial activity.” This is not composition as revealed by
inCuorescence. Please reword. Answer: Original: “. .. revealed a high aromaticity (Fi),
a higher microbial activity (BIX) and a smaller molecular size (E2:E3) ...”

Proposed modification: Initial DOM originating from fertilized silt loam soil revealed a
higher proportion of microbial derived DOM (Fi), a high proportion of freshly produced
DOM (BIX) and a smaller molecular size (E2:E3)..

Referee: L. 377-378. | don’t follow this explanation. Microbial decomposition should
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degrade inAst the most labile compounds, thus leaving behind highly recalcitrant or-
ganic matter, with high molecular weight and aromaticity. Answer: Original: We as-
sume that fertilization fueled the microbial decomposition of the soil organic matter,
thus shifting DOM towards more labile compounds with low molecular weight and lower
aromaticity.

Explanation: Generally, two contrasting processes occur during microbial decomposi-
tion of soil organic matter: Soil microbes decompose labile organic matter, this leads to
an accumulation of recalcitrant organic matter. In opposition to this, nutrients applied
through fertilization may promote the decomposition of complex (recalcitrant) soil or-
ganic matter pools, thus stimulating both, the production and leaching of fresh organic
matter with a high biodegradability. The latter could be proven in our experiments,
when soil was fertilized with the mineral fertilizer. Laboratory incubations and field
mesocosms studies have shown that bacterial mineralization can be both a source or
a sink for labile substances, such as e.g. amino acids (Coble et al., 2014; Moran et al.,
2000; Stedmon and Markager, 2005; Yamashita and Tanoue, 2003).

Referee: L. 392. What do you mean by “harmonizing DOM composition”? Answer:
Original: However, other studies showed that long-term fertilization can modify soil mi-
crobial decomposer communities, thus overlaying the effects of soil distinct properties
and harmonizing DOM composition of soil humic substances (Li et al., 2019; Wu M.
et al., 2019a). Proposed modification: However, other studies showed that long-term
fertilization can lead to shifts in microbial decomposer communities, thus resulting in
similar DOM compositions across soils and overlaying distinct soil properties (Li et al.,
2019; Wu M. et al., 2019a).

Referee: L. 398. Remove “even.” Answer: Proposed modification: We will remove the
word ‘even’ in the text.

Referee: L. 415. But your results suggest just the opposite, that agriculturally derived
DOM will decrease in aquatic ecosystems. Answer: Original: Due to the spatial extent
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of agricultural land use and the yearly growing application of nitrogen-based fertilizers,
it is reasonable to assume that the share of agricultural derived DOM will increase in
terrestrial and aquatic ecosystems.

Proposed modification: Due to the predicted intensification of agricultural land use, it is
reasonable to assume that an increasing proportion of terrestrial DOM inputs to aquatic
systems will originate from agricultural areas.

Explanation: This statement referred to the general development of agriculture and the
proportion of agricultural derived DOM compared to the total terrestrial DOM imported
into aquatic systems. We have slightly rephrased it to avoid misunderstandings. How-
ever, our study does definitely not show that agriculturally derived DOM will decrease
in aquatic ecosystems. It just emphasizes that soils have a huge potential to buffer fer-
tilization effects (also from organic fertilizer, which is per se an additional OM source),
if there is sufficient time for DOM and nutrient uptake during the soil passage. This
highlights the importance of long residence times in terrestrial systems and the need
for management measures, which prevent or reduce fast flow paths leading soil water
directly into aquatic systems, such as surface flow, fast subsurface flow, or drainage
water. Again, this is a conclusion, which is only possible due to our approach of using
undisturbed soil columns.

Referee: L. 424-425. Again your results suggest the opposite. It would be beneinAcial
to show some representative iCuorescence spectra. Answer: Original: On a global
perspective, intensification of agricultural management may favour the leaching of bio-
geochemically reactive DOM to aquatic ecosystems. Explanation: In order to avoid
misunderstandings, we have rephrased the conclusion:

Proposed modification: Conclusion Due to the spatial extent of agricultural land use
and the yearly growing application of nitrogen-based fertilizers, it is reasonable to as-
sume that an increasing proportion of terrestrial DOM inputs to aquatic systems will
originate from agricultural areas. Thus, understanding the diverse effects of agricul-
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tural practices, such as, e.g., fertilization, tillage or harvesting, on the export of DOC
from different types of soils under different climatic conditions is crucial to protect and
sustainably manage freshwater systems in agricultural landscapes. Our experiments
with undisturbed soils demonstrate that the effects of fertilization on soil DOC leaching
depend on the fertilizer type and are strongly interrelated with soil texture. This has
implications on both the amount and the quality of the leached DOC. In our study, fertil-
ization tended to increase the proportion of fresh, microbially transformed DOM, while
it generally reduced the amount of leached DOC compared to untreated soils proba-
bly due to the stimulation of microbial mineralisation of soil organic matter through the
enhanced nutrient supply. This effect was more pronounced in the silt loam soil than
in sandy loam soil. Consequently, it is possible to deduce that a longer residence time
of leachate in soils can reduce the DOC exports from soils into streams. This implies
that increased DOC concentrations in agriculturally influenced streams do probably not
originate from soil pore water, but from faster flow paths, such as surface runoff (over-
land flow), subsurface runoff or drainage water. Further studies are needed to identify
the main sources and pathways of terrestrial DOC inputs to stream systems and anal-
yse the underlying mechanisms controlling the relation between DOC transport and
processing in the soil. In future, many regions will become dry during summer with
more precipitation per rainfall event due to global warming. High precipitation rates on
dry soils usually generate a rapid surface runoff with a high sediment load. Therefore,
we assume that more agriculturally derived DOM will be entering aquatic systems with-
out a sufficient soil passage in the future. Overall, our results have further implications
for organic carbon and organic matter management. Due to the complexity of agro-
ecosystems and the resulting myriad effects on organic carbon processing, this will
require further investigations.
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