Supplementary 
Method 
Soil organic matter characterization
Soil samples taken at a depth of 0-5 cm were dried at 40°C after sieving <2 mm. Coarse plant residues were collected separately using tweezers. After preparation of suspensions, the soil was dispersed using sonication at 450 J ml-1 to break down aggregate structures, following Just et al. (Just et al. 2021). The soil samples were then separated by sieving into a >20 µm coarse fraction containing particulate organic matter and a <20 µm fine fraction. The total C and N contents of the >20 µm and <20 µm fractions were determined by dry combustion at 1000°C using a Vario EL CN analyzer (Elementar). To determine the proportion of inorganic C in the bulk soil, the C was measured again after heating the samples in a muffle furnace at 550°C for 4 h to remove organic C.
Abundance of microbial functional groups in soil
[bookmark: OLE_LINK2]Soil samples were taken at 0-5 cm, 5-15 cm, 15-25 cm, 25-35 cm, and 35-50 cm over three years (from March 2021 to March 2023). After soil sieving as described above, pooled soil samples from each depth were immediately stored on dry ice for DNA extractions as described by Andrade-Linares et al. (2021). Soil DNA concentrations were measured by fluorometry (Qubit 4, Invitrogen) using a Qubit dsDNA BR Assay kit (Invitrogen, USA). Negative controls were included using the same reagents in empty tubes, to check for contamination during the extraction. The extracted DNA was stored at −20 °C for further quantitative real-time polymerase-chain reaction (qPCR) assays. The abundance of fungi, bacteria, archaea and microbes catalyzing major steps of the N cycle were quantified by qPCR by using specific marker genes (Supplementary table 1). The optimal DNA dilution for qPCR was 1:64 and all genes were amplified using 1 × Power SYBR Green PCR Master Mix (Life Technologies Ltd, United Kingdom) to a final volume of 25 μl as described by Andradre-Linares et al. (2021). Details on the marker genes and qPCR conditions are described in Supplementary table 1. The targeted N cycling genes included: amoA for bacterial (AOB) and archaeal (AOA) ammonia oxidizers, nirS and nirK for nitrite reducers and nosZ (Clade I) for N2O reducing a bacterium. Differences in log-transformed gene abundance and ratios were assessed using a Linear Mixed-Effects Model (LMM) with treatment, year, depth, and their interactions as fixed effects. Lysimeter was included as a random intercept, and a first-order autoregressive (AR (1)) correlation structure was applied to account for repeated measures over time using the nlme package version 3.1.162. Pairwise comparisons were performed post-hoc and adjusted for multiple comparisons using Tukey's method. All analyses were conducted in R version 4.3.1 (R core team, 2024).
[bookmark: _Ref185256835]Supplementary table 1.Thermal profiles and primers used for real-time PCR quantification of microbial genes in soil samples.
Goup
Target gene
Primer pair
Standard sources
Thermal profile 
Cycles
Fragment (bp)
References
Bacteria
16S-rRNA
FP 16S            RP 16S
Pseudomonas putida 
95˚C-45s/58˚C-45s/72˚C-45s
40
264
 Bach et al., 2002
Fungi
18S, 5.8S and 28S rRNA
ITS1
Trichoderma reesei
94˚C-30s/50˚C-30s/72˚C-45s
40
600
White et al. 1990


ITS4 





Ammonia oxidizers
amoA      (AOA)
amo19F               CrenamoA 16r48x
Nitrosomonas europaea
94˚C-45s/55˚C-45s/72˚C-45s 
40
624
Leininger et al., 2006; Schauss et al., 2009

amoA      (AOB)
amoA1F                         amoA2R
Fosmid clone 54d9
94˚C-60s/58˚C-60s/72˚C-60s
40
491
Rotthauwe et al., 1997
Nitrite oxidizers
16S-rRNA   (NS)
Nspra-675f        Nspra-746r
Nitrospira defluvii 
94˚C-30s/64˚C-30s/72˚C-60s
40
93
Graham et al., 2007

 nxrA           (NB)
F1norA         R2norA
Nitrobacter sp.
94 C-30s/55˚C-30s/72˚C-30s
40
322
Poly et al., 2008; Wertz et al., 2008
Nitrite reducers
nirK
nirK876      nirK5R
Azospirillum irakense
95˚C-15s/62-58˚C-30s/72˚C-30s
5/40
164
Braker et al., 1998; Henry et al., 2004

nirS
cd3aF      R3cd
Pseudomonas stutzeri
94˚C-45s/57˚C-45s/72˚C-45s
40
413
Throbäck et al., 2004;  Michotey et al., 2000
Nitrous oxide reducers
nosZ
nosZ2F     nosZ2R
Pseudomonas stutzeri
95˚C-15s/65-60˚C-30s/72˚C-30s 5
5/40
267
Henry et al., 2006
N2-fixing bacteria
nifH
nifH-f      nifH-r
Azospirillum irakense
95˚C-45s/55˚C-45s/72˚C-45s 
40
458
Rösch et al., 2002



Result 
Meteorological conditions - Air Temperature and Precipitation [image: ]
[bookmark: _Ref185255031]Supplementary figure 1. Air temperature, and precipitation during the experiment at Fendt.

The average annual temperature in Fendt was 9.7°C, and an average annual precipitation of 1001.2 mm. The precipitation in 2022 is lower than 2021 as well as 2023 with only 855.5mm. The number of vegetation days in Fendt (average daily air temperature > 5 °C) was 239 days, with the majority of precipitation occurring between April and September (Supplementary figure 1). 
Soil parameters[bookmark: _Ref185255970]Supplementary table 3. Bulk total and organic carbon, inorganic carbon and N in 2022 which was collected in March 2023.

total C (g kg-1)
total N
IC
OC
TN
OC/ON
control
61.8 ± 9.8
5.8 ± 1.0
1.3 ±1.0
60.5± 9.0
5.6 ± 0.8
10.9 ± 3.6
slurry separation
65 ± 9
6.2 ± 1.0
1.0 ± 0.6
64 ± 8.5
6 ± 0.9
10.6 ± 2.9

[bookmark: _Ref185255925]Supplementary table 2. Size fractionation to approximate particulate and mineral-associated OM fractions (0-5 cm). Soil samples in 2021 which was collected in March 2022; Soil samples in 2022 which was collected in March 2023.

2021

2022

C
N
C: N

C
N
C: N
control>20µm (38%)
2.8±0.8
0.2±0.1
19.5±1.3a

2.6±1.5
0.2±0.1
17.4±0.9a
slurry separation >20µm (37%)
3.5±1.3
0.2±0.1
16.7±2.1b

2.5±0.9
0.2±0.1
16.2±0.7b








control<20µm (62%)
7.3±1.0
0.7±0.1
10.5±0.4

7.5±0.9
0.8±0.1
9.9±0.4
slurry separation <20µm (63%)
7.8±0.5
0.8±0.1
10.3±0.3

7.8±0.5
0.8±0.1
9.7±0.2


Soil sampling was conducted in March 2022 and March 2023. The experimental results showed that there were no significant differences in SOC content, inorganic carbon content, TN content, and SOC ratio between the two treatments. The mass distribution of aggregates also exhibited the same pattern (Supplementary table 2,3). Additionally, in both sampling events, the SOC content, TN content, and SOC ratio in particulate and mineral-associated organic matter did not differ between the two treatments. This indicates that there were no significant differences in the initial soil conditions between the two treatments (Supplementary table 2).
Microbiology 
[image: ]
Supplementary figure 2.Vertical distribution of bacterial 16S rRNA gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
[image: ]
Supplementary figure 3. Vertical distribution of fungal ITS gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
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Supplementary figure 4.Vertical distribution of archaeal ammonia oxidizer (AOA-amoA) gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
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Supplementary figure 5.Vertical distribution of bacterial ammonia oxidizer (AOB-amoA) gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
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Supplementary figure 6.Vertical distribution of nirK gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
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Supplementary figure 7.Vertical distribution of nirS gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
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Supplementary figure 8.Vertical distribution of nosZ gene abundance in soil under regular slurry and separated slurry treatments (2021–2023).
[bookmark: OLE_LINK1]We did not observe significant differences in the abundance of fungi, bacteria, archaea in response to the application of the different types of slurry in the topsoil at the different depths and sampling time points based on qPCR analysis of DNA extracted from the soil samples using universal ribosomal marker genes (Supplementary figure 1, 2). A further analysis of key functional microbial groups with selected primers for nitrifiers and denitrifiers, revealed no significant influence of type of slurry application on archaeal and bacterial ammonia oxidizers (AOA-amoA, AOB-amoA) across the years sampled (2021–2023). After two years of fertilization (year 2023), the AOA-amoA abundance ranged from 8.8 x 106 gene copy per g-1 of soil dry weight (sdw) (in 15 - 25 cm soil depth) to 3.6 x 107 gene copy per g-1 of sdw (in 0 - 5 cm soil depth), while the AOB-amoA abundance ranged from 7.9 x 106 gene copy per g-1 of sdw (in 15 - 25 cm soil depth) to 7.0 x 107 gene copy per g-1 of sdw (in 0 - 5 cm soil depth) (Supplementary figure 4). Also with regard to denitrification-related genes and their ratios, no significant differences were found (Supplementary figure 5-8). However, the separated slurry treatment tended to influence the abundance of denitrification-related genes across time. E.g., N2O-reducing bacteria belonging to the Clade nosZ I exhibited increased abundance in the topsoil after two years under slurry separation treatment (from 1.1 to 1.7 x108 gene copy per g-1 of sdw) compared to the regular slurry control in which this microbial abundance decreased after two years (from 3.6 to 1.2 x 108 gene copy per g-1 of sdw). However, also these differences were not statistically significant (Supplementary figure 8). 
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