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A Outline of ddPCR Protocol 

For the ddPCR quantification of the F:B ratio, microbial DNA was extracted from 250 mg of 
soil from each sample using a DNeasy PowerSoil Pro DNA Extraction Kit (Qiagen). Samples 
were diluted with molecular-grade water to ensure DNA concentrations within the range of 
the detection limit. ddPCR was performed following the manufacturer’s standard EvaGreen® 
protocol for the QX200™ ddPCR™ system (Bio-Rad Laboratories, Hercucles, CA, USA). 
Bacterial 16S rRNA subunit genes were targeted for amplification using 341 forward 
(CCTACGGGNGGCWGCAG) and 785 reverse (GACTACHVGGGTATCTAATCC) 
primers (Klindworth et al., 2013; Thijs et al., 2017). Fungal ITS gene amplification was 
achieved using ITS1 forward (TCCGTAGGTGAACCTGCGG) and 5.8s reverse (CGC TGC 
GTT CTT CAT CG) primers (Fierer et al., 2005). 22 μl ddPCR reactions were prepared, each 
containing 2 μl DNA extract, 0.2 μl 100 nM forward and reverse primer, 10 μl Bio-Rad 
Evagreen Supermix (Bio-Rad, Hercules, CA, USA) and 9.6 μl Milli-Q. 20 μl of each mixture 
was transferred into a DG8 Biorad cartridge containing 8 wells and covered with a DG8 
rubber gasket. As contamination control, blank 3 μl Milli-Q samples were run in every plate. 
The ddPCR mixture was emulsified with Bio-Rad generator oil and partitioned in 10.000-
20.000 droplets using a Bio-Rad QX-200 droplet generator. 40 μL of each produced droplet 
mixture was pipetted into a semi-skirted twintec 96-well plate for thermocycling. The plates 
were sealed with pierceable sealing foil, using the PX1 PCR Plate Sealer (Bio-Rad) and 
placed in a Bio-Rad T100 Thermal Cycler. DNA amplification was carried out with a 2 °C/s 
ramp rate for: 5 min at 95 °C for enzyme activation; 40 cycles of 30 s at 95 °C for 
denaturation, 40 cycles of 1 min at 60°C for annealing/extension, and finally 5 min at 4 °C 
and 5 min at 90 °C for signal stabilization. After signal stabilization, plates were loaded into 
the Bio-Rad QX200 Droplet Reader for the identification of fluorescent droplets.  

To quantify the number of target copies, we used Bio-Rad’s QuantaSoft software version 
1.7.4. Droplets were counted as positive or negative by thresholding against the height of 
their respective fluorescence amplitude. By applying a Poisson distribution model, the 
concentration of the target and reference DNA sequences and their corresponding 95% 
confidence intervals were calculated by the software. A threshold was subsequently assigned 
at the point of greatest separation of the two distributions/bands. Droplets above the threshold 
were counted as positive events, and below the threshold were counted as negative events. 
After subtraction of blanks, the enumeration of the positive reactions provided a quantitative 
estimate of the DNA concentration in the original samples (rDNA copies/μL).  
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B Colorimetry for Determination of Mineral Nitrogen 
Concentrations 

For the determination of NH4
+ through the salicylate method (Mulvaney 1996), we 

prepared: 1a) a complexing solution by dissolving 3.60 g of disodium salt 
ethylenedinitrilotetraacetic acid disodium salt (C10H14N2Na2O8∙2H2O) in 60 mL of 
deionized water; 1b) a salicylate-nitroprusside solution by dissolving 7.8130 g of sodium 
salicylate (C7H5NaO3) and 0.125g of sodium nitroprusside dihydrate (C5FeN6Na2O∙2H2O) 
in 100mL of deionized water; 1c) a buffer solution by dissolving 2.0720g of sodium 
hydroxide (NaOH) and 6.9720g  of dibasic potassium phosphate (K2HPO4) in a mixture of 
28mL of deionized water and 42mL sodium hypochlorite (NaClO). 10 µL of extract and 
standards were pipetted in 96 cells of a flat bottom polystyrene microplate Subsequently 
was added: 140 µL of 1M KCl, 15µL of complexing solution (1a), 60µL of the salicylate-
nitroprusside solution (1b), and 30 µL of the buffer solution (1c). Between the additions of 
each solution, the contents of the well plate were vortexed for 15 seconds on a shaker. After 
a 30-minute reaction time, the absorbance in each cell was measured on an automated 
spectrophotometer (Tecan Spark 10M) at a wavelength of 667 nm. 

For the determination of NO3
- + NO2 through a reduction-Greiss reaction (Miranda et al. 

2001), we prepared: 2a) a reducing solution by dissolving 1.1200g of vanadium chloride 
(VCl3) in 140mL of 1N HCl; 2b) a coupling solution by dissolving 0.0900g of N-(1-
naphthyl)ethylenediamine dichloride (C10H7NHCH2CH2NH2·2HCl) in 90mL of deionized 
water; and 2c) a sulfanilamide solution by dissolving 1.80g of sulfanilamide (C6H8N2O2S) 
in 20 mL of hydrochloric acid (HCl) 5% solution (v/v). Again, 10µL of extract and 
standard sample were pipetted in 96 cells of a flat bottom polystyrene microplate/ 
Subsequently was added: 90µL of 1M KCl, 100µL of reducing solution (1a), 50µL of the 
coupling solution (1b), and 50µL of the sulfanilamide solution (1c). The contents of the 
well plate were vortexed for 15 seconds on a shaker between additions. After 30 minutes of 
reaction time, the absorbance in each cell was measured on an automated 
spectrophotometer (Tecan Spark 10M) at a wavelength of 540 nm.
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D Graphs of the Temporal Response of Investigated 
Microbial Response Variables  

 
Figure D1. Temporal response of MRVs to OA application. n=3 for each mean data point with standard error as 
error bars.
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E Complete Correlation Matrix for Microbial 
Response Variables and Priming Effects  
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 F Graphs of Notable Relationships Among 
Microbial Response Variables 

 
Figure F1. Regression plots for strongest significant correlations amongst MRVs across treatments and sampling 
days (R>0.7, p<0.001): CUE versus metabolic quotient (A), Cumulative nitrogen mineralization and carbon 
respiration (B), bacterial DNA concentrations by ddPCR versus microbial biomass by CF (C), and the sum of 
fungal and bacterial DNA concentrations by ddPCR versus microbial biomass by CF (D). Excludes relationships 
amongst MRVs that are mathematically related to each other. n=3 for each mean data point with standard error as 
error bars.   
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G Images of plant samples from the roadside 
mown grasses amendment. 

 
Figure G1. Growing chamber prior to cutting. 

  
Figure G2. Growing chamber post cutting. 

 
Figure G3. Plant sample 1 

 
Figure G4. Plant sample 2 
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Figure G5. Plant sample 3 

 
Figure G6. Plant sample 4 

 
Figure G7. Plant sample 5 

 
Figure G8. Plant sample 6 
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Figure G9. Plant sample 7 

 
Figure G10. Plant sample 8 
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H Chemical properties of organic 

amendments applied. 

Table H1. Organic amendment chemical properties as per Kok et al. (2022). 

Property Units Unprocessed 
Grasses 

Compost 
Grasses 

Bokashi 
Grasses 

C:N CTOT: NTOT [mg mg−1] 11.4 ± 0.7 10.1 ± 0.2 13.3 ± 0.7 

CIS:NIS [mg mg−1] 11.1 ± 0.9 13.8 ± 1.9 16.8 ± 0.3 

CAH:NAH [mg mg−1] 12.7 ± 5.7 4.9 ± 1.4 7.8 ± 1.5 
 

CHW: NHW [mg mg−1] 9.0 ± 1.1 8.5 ± 0.7 6.9 ± 0.2 
 

CDO: NDO [mg mg−1] 7.9 ± 0.7 8.7 ± 0.6 9.7 ± 0.6 

N NTOT [mg g−1] 32.4 ± 1.5 25.1 ± 0.4 28 ± 1.2 

NIS [mg g−1] 26.3 ± 1.8 14.7 ± 1.9 17.2 ± 0.2 

NAH [mg g−1] 6.1 ± 2.3 10.4 ± 2 10.9 ± 1.2 
 

NHW [mg g−1] 3.3 ± 0.4 4 ± 0.3 2.5 ± 0 
 

NDO [mg g−1] 5.4 ± 0.2 2.9 ± 0.2 1.9 ± 0.1 

C CTOT [mg g−1] 370.4 ± 14.5 254 ± 3.8 373.2 ± 12.4 

CIS [mg g−1] 292.7 ± 12.3 203.4 ± 10 288.8 ± 4.5 

CAH [mg g−1] 77.7 ± 19 50.5 ± 10.7 84.4 ± 13.2 
 

CHW [mg g−1] 30.1 ± 1.6 33.5 ± 1.9 16.9 ± 0.3 
 

CDO [mg g−1] 42.9 ± 3 25.3 ± 0.7 18 ± 0.7 

Cx:CTOT CIS: CTOT [µg mg−1] 790.2 ± 45.3 801 ± 41.1 773.8 ± 28.3 
 

CAH: CTOT [µg mg−1] 209.8 ± 51.9 199 ± 42.2 226.2 ± 36 
 

CHW: CTOT [µg mg−1] 81.1 ± 4.7 131.8 ± 6.8 45.3 ± 1.7 
 

CDO: CTOT [µg mg−1] 115.7 ± 9.4 99.4 ± 3.1 48.2 ± 2.4 

CDO:Cx CDO: CIS [µg mg−1] 146.5 ± 12.1 124.1 ± 7 62.3 ± 2.6 
 

CDO: CAH [µg mg−1] 551.5 ± 140.3 499.7 ± 106.6 213 ± 34.2 
 

CDO: CHW [mg mg−1] 1426.2 ± 126.2 754.2 ± 47.9 1062.8 ± 44.2 
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I Outline of the wet-chemical extraction 

procedure 

 
Figure I1. Outline of the wet-chemical extraction procedure.   
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J Plotted observed means, standard error, 
and pairwise comparison results for all data. 
 
 

Figure J1. Dissolvable carbon: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only). 
 
 

Figure J2. Dissolvable nitrogen: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only). 
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Figure J3. Dissolvable carbon to nitrogen ratio: observed means, standard error and Tukey pairwise test results 
(for pulse temperature treatments only). 
 
 

Figure J4. Hot water extractable carbon: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only).  
 
 

 
Figure J5. Hot water extractable nitrogen: observed means, standard error and Tukey pairwise test results (for 
pulse temperature treatments only).  
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Figure J6. Hot water extractable carbon to nitrogen ratio: observed means, standard error and Tukey pairwise test 
results (for pulse temperature treatments only).  
 
 

 
Figure J7. Acid non-hydrolysable carbon: observed means, standard error and Tukey pairwise test results (for 
pulse temperature treatments only).  
 
 

 
Figure J8. Acid non-hydrolysable nitrogen: observed means, standard error and Tukey pairwise test results (for 
pulse temperature treatments only). 
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Figure J9. Acid non-hydrolysable carbon to nitrogen ratio: observed means, standard error and Tukey pairwise 
test results (for pulse temperature treatments only).  
 
 

 
Figure J10. Microbial biomass carbon: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only).  
 
 

 
Figure J11. Amendment-derived biomass carbon: observed means, standard error and Tukey pairwise test results 
(for pulse temperature treatments only).  
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Figure J12. Bacterial DNA concentrations: observed means, standard error and Tukey pairwise test results (for 
pulse temperature treatments only).  
 
 

 
Figure J13. Fungal DNA concentrations: observed means, standard error and Tukey pairwise test results (for 
pulse temperature treatments only).  
 
 

 
Figure J14. Fungal to bacterial DNA ratio’s: observed means, standard error and Tukey pairwise test results (for 
pulse temperature treatments only). 
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Figure J15. Total microbial DNA concentrations: observed means, standard error and Tukey pairwise test results 
(for pulse temperature treatments only).  
 
 

 
Figure J16. Mineral nitrogen: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only).  
 
 

 
Figure J17. CO2 respiration rates: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only). 



Appendices | 229  

Figure J18. Priming rates: observed means, standard error and Tukey pairwise test results (for pulse temp. 
treatments only).  
 
 

 
Figure J19. Yield efficiency (amendment derived biomass divided by sum of amendment derived biomass and 
13C-respiration rate): observed means, standard error and Tukey pairwise test results (for pulse temperature 
treatments only).  
 
 

 
Figure J20. Metabolic quotient: observed means, standard error and Tukey pairwise test results (for pulse 
temperature treatments only).
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K Complete ANOVA summaries per soil and 

microbial property. 
 

ANOVA 
III Dissolvable Organic Carbon Dissolvable Organic Nitrogen 

 Degr 
Frd.. Sum Sq. Mean Sq. F-value Pr(>F) Deg 

Frd. Sum Sq. Mean 
Sq. 

F-
value Pr(>F) 

Amend.(A) 3 7369.52 2456.51 84.72 3.92E-17 3 112798 37599 62.04 6.6E-
15 

Day (S) 1 307.90 307.90 10.62 0.0023 1 356.69 356.69 0.59 0.4476 
Temp (T) 2 106.19 53.09 1.83 0.1737 2 803.27 401.64 0.66 0.5212 

A:D 3 68.84 22.95 0.79 0.5060 3 4597.93 1532.64 2.53 0.0713 
A:T 6 127.53 21.26 0.73 0.6259 6 4328.36 721.39 1.19 0.3317 
D:T 1 26.52 26.52 0.91 0.3447 1 508.40 508.40 0.84 0.3654 

A:D:T 3 9.56 3.19 0.11 0.9538 3 77.94 25.98 0.04 0.9880 
Residuals 39 1130.77 28.99   39 23636.39 606.06   

 
ANOVA 

III Dissolvable Organic Carbon to Nitrogen Ratio Hot Water Extractable Carbon 

 Degr. 
Frd. 

Sum Sq. Mean Sq. F-value Pr(>F) 
Degr. 
Frd. 

Sum 
Sq. 

Mean 
Sq. 

F-
value 

Pr(>F) 

Amend.(A) 3 0.6284 0.2095 23.6368 6.9E-09 3 838732 279577 93.04 4.E-18 
Day (S) 1 0.0058 0.0058 0.6575 0.4224 1 28764.6 28764.6 9.57 0.0036 

Temp (T) 2 0.0100 0.0050 0.5620 0.5746 2 6647.0 3323.5 1.11 0.3408 
A:D 3 0.0601 0.0200 2.2624 0.0964 3 9449.8 3149.9 1.05 0.3818 
A:T 6 0.0241 0.0040 0.4529 0.8385 6 24226.6 4037.8 1.34 0.2609 
D:T 1 0.0348 0.0348 3.9224 0.0547 1 154.1 154.1 0.05 0.8220 

A:D:T 3 0.0044 0.0015 0.1637 0.9201 3 21737.9 7246.0 2.41 0.0810 
Residuals 39 0.3456 0.0089   40 120192 3004.8   

 
ANOVA 

III Hot Water Extractable Nitrogen Hot Water Extractable Carbon to Nitrogen 
Ratio 

 Degr. 
Frd. Sum Sq. Mean Sq. F-value Pr(>F) Degr. 

Frd. 
Sum 
Sq. 

Mean 
Sq. 

F-
value Pr(>F) 

Amend.(A) 3 8562.58 2854.19 46.599 4.03E-13 3 17.149 5.716 12.306 7.E-06 
Day (S) 1 0.19 0.19 0.003 0.9561 1 4.812 4.812 10.359 0.0026 

Temp (T) 2 16.64 8.32 0.136 0.8734 2 2.221 1.110 2.390 0.1046 
A:D 3 17.27 5.76 0.094 0.9629 3 3.739 1.246 2.683 0.0595 
A:T 6 762.49 127.08 2.075 0.0779 6 7.793 1.299 2.796 0.0229 
D:T 1 0.64 0.64 0.010 0.9191 1 0.110 0.110 0.236 0.6297 

A:D:T 3 562.97 187.66 3.064 0.0389 3 1.325 0.442 0.951 0.4253 
Residuals 40 2450.01 61.25   40 18.580 0.465   
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NOVA 
III Insoluble Carbon Insoluble Nitrogen 

 Degr. 
Frd. Sum Sq. Mean Sq. F-value Pr(>F) Degr. 

Frd. 
Sum 
Sq. 

Mean 
Sq. F-value Pr(>F) 

Amend.(A 3 64.581 21.527 14.666 1.37E-06 3 0.2745 0.0915 21.1095 2.E-08 
Day (S) 1 0.003 0.003 0.002 0.9657 1 0.0114 0.0114 2.6219 0.1133 

Temp (T) 2 6.119 3.060 2.085 0.1377 2 0.0357 0.0179 4.1219 0.0236 
A:D 3 1.575 0.525 0.358 0.7839 3 0.0058 0.0019 0.4462 0.7213 
A:T 6 8.729 1.455 0.991 0.4444 6 0.0126 0.0021 0.4837 0.8165 
D:T 1 0.197 0.197 0.134 0.7159 1 0.0007 0.0007 0.1650 0.6867 

A:D:T 3 7.744 2.581 1.759 0.1706 3 0.0151 0.0050 1.1602 0.3369 
Residuals 40 58.711 1.468   40 0.1734 0.0043   

 
ANOVA 

III 
Insoluble Carbon to Nitrogen Ratio Mineral Nitrogen 

 Degr. 
Frd. 

Sum Sq. Mean Sq. F-value Pr(>F) Degr. 
Frd. 

Sum 
Sq. 

Mean 
Sq. 

F-
value 

Pr(>F) 

Amend.(A) 
3 1606.073 535.358 23.624 5.81E-09 3 201842 67281 445.59 

3.3E-
30 

Day (S) 1 74.838 74.838 3.302 0.0767 1 998.7 998.7 6.61 0.0140 
Temp (T) 2 273.995 136.997 6.045 0.0051 2 1665.3 832.6 5.51 0.0078 

A:D 3 19.469 6.490 0.286 0.8349 3 837.2 279.1 1.85 0.1544 
A:T 6 344.874 57.479 2.536 0.0356 6 1173.2 195.5 1.30 0.2823 
D:T 1 2.777 2.777 0.123 0.7281 1 128.1 128.1 0.85 0.3627 

A:D:T 3 70.994 23.665 1.044 0.3835 3 450.5 150.2 0.99 0.4055 
Residuals 40 906.460 22.661   39 5888.7 151.0   

 
ANOVA 

III OA-Derived Biomass Biomass Carbon 

 Degr. 
Frd. 

Sum Sq. Mean Sq. F-value Pr(>F) Degr. 
Frd. 

Sum 
Sq. 

Mean 
Sq. 

F-
value 

Pr(>F) 

Amend.(A 2 6949.61 3474.80 172.644 7.8E-17 3 36500 12167 40.155 5.E-12 
Day (S) 1 293.58 293.58 14.586 0.0007 1 1473.44 1473.44 4.863 0.0334 

Temp (T) 2 50.24 25.12 1.248 0.3020 2 415.55 207.77 0.686 0.5097 
A:D 2 86.71 43.36 2.154 0.1342 3 1214.03 404.68 1.336 0.2768 
A:T 4 67.22 16.80 0.835 0.5142 6 1606.41 267.74 0.884 0.5160 
D:T 1 1.23 1.23 0.061 0.8065 1 19.52 19.52 0.064 0.8009 

A:D:T 2 67.85 33.93 1.686 0.2030 3 752.52 250.84 0.828 0.4866 
Residuals 29 583.68 20.13   39 11816 303.00   

 
Section continues…  
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ANOVA 
III 

DNA-Bacterial DNA-Fungal 

 Degr. 
Frd. Sum Sq. Mean Sq. F-value Pr(>F) 

Degr. 
Frd. 

Sum 
Sq. 

Mean 
Sq. 

F-
value Pr(>F) 

Amend.(A 3 57334.3 19111.4 4.259 0.0109 3 17800.3 5933.4 22.737 1.6E-08 
Day (S) 1 2626.5 2626.5 0.585 0.4489 1 187.90 187.90 0.720 0.4016 

Temp (T) 2 6688.2 3344.1 0.745 0.4814 2 79.87 39.93 0.153 0.8586 
A:D 3 48692.7 16230.9 3.617 0.0216 3 1889.46 629.82 2.414 0.0821 
A:T 6 17898.1 2983.0 0.665 0.6783 6 1542.48 257.08 0.985 0.4493 
D:T 1 53101.9 53101.9 11.834 0.0014 1 340.29 340.29 1.304 0.2608 

A:D:T 3 12648.2 4216.1 0.940 0.4311 3 489.99 163.33 0.626 0.6028 
Residuals 38 170508.4 4487.1   37 9655.35 260.96   

 
ANOVA 

III 
DNA-Total Microbial Bacterial : Fungal DNA Ratio 

 Degr. 
Frd. Sum Sq. Mean Sq. F-value Pr(>F) 

Degr. 
Frd. Sum Sq. 

Mean 
Sq. 

F-
value Pr(>F) 

Amend.(A 3 139162 46387.6 8.96 0.0001 3 2235.92 745.31 12.759 7.E-06 
Day (S) 1 3500.5 3500.5 0.68 0.4162 1 4.629 4.629 0.079 0.7799 

Temp (T) 2 6390.5 3195.3 0.62 0.5449 2 59.310 29.655 0.508 0.6060 
A:D 3 67616.1 22539 4.35 0.0101 3 61.867 20.622 0.353 0.7872 
A:T 6 25299.1 4216.5 0.81 0.5656 6 266.433 44.406 0.760 0.6057 
D:T 1 67378 67377.6 13.02 0.0009 1 156.214 156.214 2.674 0.1105 

A:D:T 3 22812 7604.0 1.47 0.2388 3 3.952 1.317 0.023 0.9953 
Residuals 37 191540 5176.8   37 2161.372 58.415   

 
ANOVA 

III 
CO2 Respiration Rates Priming Rate 

 Degr. 
Frd. 

Sum Sq. Mean Sq. F-value Pr(>F) Degr. 
Frd. 

Sum 
Sq. 

Mean 
Sq. 

F-
value 

Pr(>F) 

Amend.(A) 3 34.002 11.334 10.859 2.37E-05 2 11.188 5.594 4.602 0.0181 
Day (S) 1 1.714 1.714 1.642 0.2074 1 0.841 0.841 0.692 0.4121 

Temp (T) 2 0.875 0.437 0.419 0.6605 2 2.344 1.172 0.964 0.3928 
A:D 3 0.297 0.099 0.095 0.9624 2 0.088 0.044 0.036 0.9647 
A:T 6 11.292 1.882 1.803 0.1231 4 10.706 2.676 2.202 0.0927 
D:T 1 2.335 2.335 2.238 0.1425 1 1.031 1.031 0.848 0.3644 

A:D:T 3 2.201 0.734 0.703 0.5558 2 1.944 0.972 0.799 0.4589 
Residuals 40 41.749 1.044   30 36.469 1.216   

 
ANOVA 

III OA Yield Efficiency Metabolic Quotient 

 Degr. 
Frd. 

Sum Sq. Mean Sq. F-value Pr(>F) Degr. 
Frd. 

Sum 
Sq. 

Mean 
Sq. 

F-
value 

Pr(>F) 

Amend.(A) 
2 0.207 0.104 9.507 0.0007 2 1.914 0.957 14.242 

4.91E-
05 

Day (S) 1 0.033 0.033 3.038 0.0919 1 0.197 0.197 2.934 0.0974 
Temp (T) 2 0.007 0.003 0.300 0.7432 2 0.062 0.031 0.460 0.6361 

A:D 2 0.018 0.009 0.835 0.4442 2 0.180 0.090 1.337 0.2783 
A:T 4 0.030 0.007 0.677 0.6136 4 0.080 0.020 0.297 0.8772 
D:T 1 0.002 0.002 0.162 0.6907 1 0.053 0.053 0.789 0.3816 

A:D:T 2 0.022 0.011 1.000 0.3802 2 0.123 0.062 0.919 0.4104 
Residuals 29 0.316 0.011   29 1.949 0.067   
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L Means and standard error for soil 
properties per treatment  
Table L1. Means and standard errors for soil properties 

Day Amend. Temp. Nmin Cdo Ndo Cdo:Ndo Chw 
   [µg mg−1] [µg mg−1] [µg mg−1] [-] [µg mg−1] 

0 Control Constant 57.8±1 44.1±2 52.6±7.6 0.86±0.08 598.6±10.6 
0 Grass(G) Constant 199.68±3.32 73.6±3.5 186.2±6.3 0.4±0.01 767.4±6.8 
0 Comp.G Constant 148.39±12.46 85.4±2 214.1±6.7 0.4±0.01 851.8±66.8 
0 Ferm.G Constant 132.74±9.42 113.1±2.5 162.7±35.7 0.75±0.13 1072.1±73.3 
12 Control Rapid 66.71±3.84 50.6±3.2 69.5±8.5 0.74±0.05 731.4±131.3 
12 Grass(G) Rapid 210.78±2.86 86.6±6 196±4.8 0.44±0.04 766.2±54.7 
12 Comp.G Rapid 176.19±3.79 97.8±1.7 188±11.6 0.52±0.04 702.5±17 
12 Ferm.G Rapid 120.24±4.94 108.9±9.4 117.3±10.3 0.93±0.01 1049.7±34.8 
20 Control Gradual 73.94±3.72 44.3±2.7 69±4.1 0.64±0.01 406.3±29.5 
20 Grass(G) Gradual 213.7±5.82 76.8±9 196.9±1.5 0.39±0.04 572.6±32.1 
20 Comp.G Gradual 187.68±6.61 104.2±1.1 191.7±18 0.55±0.05 696.4±18.4 
20 Ferm.G Gradual 125.54±9.43 91.2±2.9 104.8±3.1 0.87±0.05 609.7±33.8 
40 Control Gradual 81.23±2.73 39.4±1.1 77.7±2.2 0.51±0.01 518.7±18.6 
40 Control Rapid 71.2±4.17 41.2±1.9 73±8.0 0.57±0.04 515.6±11.2 
40 Grass(G) Gradual 212.02±3.21 65.5±4 195.5±12.9 0.34±0.02 635.2±33.2 
40 Grass(G) Rapid 213.63±9.91 65.2±2.7 209.3±13.7 0.31±0.02 574.3±16.8 
40 Comp.G Gradual 199.27±8.45 69.9±2.5 157.8±26.9 0.47±0.09 646.7±16.1 
40 Comp.G Rapid 199.59±14.64 66.2±2.9 143.1±20.6 0.49±0.1 608.2±10.9 
40 Ferm.G Gradual 138.34±6.69 72±2.8 120±3.3 0.6±0.03 844.8±38.4 
40 Ferm.G Rapid 128.7±13.24 68.1±1.2 107.5±17.1 0.67±0.11 843.3±38.5 
91 Control Constant 66.03±5.87 40.2±1.3 66.6±3.6 0.61±0.05 504.3±19.1 
91 Control Gradual 87.67±1.6 40.1±2.1 66±5.2 0.62±0.06 506.6±7.7 
91 Control Rapid 67.3±6.5 36±1.3 66.7±1.9 0.54±0.02 512.3±32.5 
91 Grass(G) Constant 226.35±7.96 62±1.7 205±5.2 0.3±0.01 597±31.5 
91 Grass(G) Gradual 228.4±3.73 57.5±2.5 143.4±32.6 0.45±0.11 511.1±29.5 
91 Grass(G) Rapid 238.25±4.53 54.7±1.8 173.2±9.7 0.32±0.02 555.7±25.4 
91 Comp.G Constant 188.55±10.74 61.1±1.9 167.4±2.6 0.36±0.01 517.9±51.2 
91 Comp.G Gradual 211.45±4.78 66.9±1.6 170.9±12.4 0.39±0.02 559.2±14 
91 Comp.G Rapid 216.03±7.28 61.7±5.5 168.1±17.3 0.37±0.02 562.5±9.8 
91 Ferm.G Constant 136.28±7.41 63.7±3.7 115.7±2.3 0.55±0.03 771.8±51 
91 Ferm.G Gradual 142.82±2.37 69.1±6.7 111.9±10.2 0.62±0.02 887±65.2 
91 Ferm.G Rapid 157.26±7.51 63.4±4.8 118.4±17 0.55±0.06 758.1±33.1 
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Table L1 (continued). Means and standard errors for soil properties 

Day Amend. Temp. Nhw Chw:Nhw Ci Ni Ci:Ni 
   [µg mg−1] [-] [µg mg−1] [µg mg−1] [-] 

0 Control Constant 61.9±1.6 9.68±0.09 7.12±0.12 0.17±0.02 43.02±4.87 
0 Grass(G) Constant 81.9±1.2 9.38±0.21 8.4±0.76 0.32±0.03 26.63±0.59 
0 Comp.G Constant 94.6±5.4 9±0.35 10.15±0.81 0.36±0.05 28.6±2.47 
0 Ferm.G Constant 108.9±6.3 9.83±0.22 9.25±0.98 0.35±0.06 27.06±2.17 
12 Control Rapid 76.3±11.7 9.52±0.23 6.95±0.46 0.19±0.04 39±5.86 
12 Grass(G) Rapid 95±13.7 8.24±0.6 8.17±0.43 0.27±0.04 31.51±3.42 
12 Comp.G Rapid 95.1±1.8 7.38±0.04 8.72±0.42 0.32±0.03 28.05±2.67 
12 Ferm.G Rapid 111.2±3.7 9.44±0.07 8.53±0.51 0.28±0.03 30.5±1.63 
20 Control Gradual 43.9±3.8 9.27±0.13 6.45±0.26 0.15±0.01 42.67±1.39 
20 Grass(G) Gradual 83±4.0 6.9±0.07 7.5±0.87 0.25±0.06 32.02±4.71 
20 Comp.G Gradual 96.9±2 7.19±0.18 8.88±0.84 0.35±0.06 26.05±2.12 
20 Ferm.G Gradual 70.6±5.5 8.66±0.2 9.18±0.74 0.32±0.03 29.38±2.45 
40 Control Gradual 54.8±2.1 9.47±0.02 6.24±0.32 0.13±0.02 47.94±6.3 
40 Control Rapid 52.2±2.0 9.89±0.22 7.92±0.73 0.25±0.01 31.67±2.92 
40 Grass(G) Gradual 69.2±3.4 9.18±0.24 10.23±0.37 0.38±0.03 26.92±1.32 
40 Grass(G) Rapid 71.8±5.2 8.05±0.39 9.18±0.23 0.35±0.01 26.24±0.67 
40 Comp.G Gradual 65.2±2.2 9.93±0.09 8.65±0.92 0.32±0.07 28.41±2.68 
40 Comp.G Rapid 67.4±4.9 9.11±0.65 9.47±0.63 0.38±0.03 24.9±1.92 
40 Ferm.G Gradual 87.2±1.2 9.69±0.46 8.58±0.49 0.35±0.01 24.52±1.40 
40 Ferm.G Rapid 87.6±2.1 9.63±0.4 10.48±0.82 0.38±0.07 28.54±3.44 
91 Control Constant 53.3±2.0 9.46±0.1 6.95±0.32 0.18±0.03 39.71±5.14 
91 Control Gradual 53.2±0.6 9.53±0.06 7.13±0.44 0.16±0.01 45.73±1.21 
91 Control Rapid 54±9.5 9.84±1.0 7.52±0.52 0.22±0.03 35.89±3.97 
91 Grass(G) Constant 73.1±5 8.18±0.13 8.95±1.12 0.32±0.03 28.14±0.87 
91 Grass(G) Gradual 57±6.8 9.09±0.53 9.03±0.67 0.28±0.03 32.19±1.41 
91 Grass(G) Rapid 77±2.8 7.21±0.07 10.15±1.36 0.38±0.09 27.77±3.12 
91 Comp.G Constant 68.9±5.8 7.5±0.12 8.65±0.67 0.32±0.03 27.51±1.03 
91 Comp.G Gradual 67.1±2.7 8.38±0.54 8.42±0.18 0.25±0.01 33.67±0.71 
91 Comp.G Rapid 67.5±4.1 8.41±0.62 9.38±0.53 0.32±0.03 30.18±2.92 
91 Ferm.G Constant 85.5±5.0 9.02±0.09 11.17±1.27 0.38±0.03 29±0.76 
91 Ferm.G Gradual 97.8±7.8 9.08±0.06 9.55±0.51 0.33±0.04 29.4±3.00 
91 Ferm.G Rapid 77.4±3.1 9.8±0.10 9.4±0.13 0.35±0.01 26.86±0.36 
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Table L2. Means and standard errors for microbial properties 

Day Amend. Temp. DNA-total. DNA-Fung. 
DNA- 
Bact. 

DNA  
B:F 

              [106 copies g−1]         [-] 
0 Control Constant 145.2±23.5 5.49±0.37 139.69±23.58 25.9±5.53 
0 Grass(G) Constant 397±154.4 77.4±10.8 221.1±128.76 3.95±1.3 
0 Comp.G Constant 362.2±33.9 31.95±6.41 330.22±31.9 11.39±2.85 
0 Ferm.G Constant 212.6±31.6 20.25±9.06 192.32±30.34 13.93±4.96 
12 Control Rapid 53.7±10.7 6.15±1 76.15±29.39 8.26±3.25 
12 Grass(G) Rapid 283.7±78.4 67.39±10.04 216.3±78.99 3.47±1.43 
12 Comp.G Rapid 108.7±20.7 22.76±3.31 85.94±17.37 3.72±0.2 
12 Ferm.G Rapid 190.9±36.6 15.48±3.27 159.48±24.98 11.38±0.24 
20 Control Gradual 72.3±27 4.53±0.75 93.15±30.07 16.4±8.84 
20 Grass(G) Gradual 359±76.6 62.76±7.29 296.21±72.97 4.74±0.95 
20 Comp.G Gradual 172.7±7.3 16.7±2.35 155.97±5.51 9.62±1.03 
20 Ferm.G Gradual 138.6±74.9 11.05±2.44 155.8±52.84 13.77±10.05 
40 Control Gradual 153.6±19.2 7.6±1.25 145.97±19.89 20.57±4.65 
40 Control Rapid 178.2±34.5 7.13±2.5 171.04±32.14 27.78±6.53 
40 Grass(G) Gradual 300.3±15.7 62.05±4.36 238.26±19.04 3.91±0.52 
40 Grass(G) Rapid 329.3±33.9 65.29±27.86 263.98±8.02 10.57±7.68 
40 Comp.G Gradual 90±12.6 15.66±2.49 74.34±13.26 5.11±1.54 
40 Comp.G Rapid 119.3±23.4 12.11±2.36 107.17±21.31 8.92±0.79 
40 Ferm.G Gradual 42.4±26 3.98±0.56 82.62±46.61 8.93±5.14 
40 Ferm.G Rapid 233±92.3 18.66±5.15 214.32±87.17 10.74±1.34 
91 Control Constant 137.2±7.2 7.35±1.57 129.8±8.79 18.78±5.21 
91 Control Gradual 131±13.8 5.35±0.65 125.66±13.39 23.75±2.41 
91 Control Rapid 106.7±35.5 4.38±1.06 102.36±34.46 21.95±4.37 
91 Grass(G) Constant 219.6±66.5 28.16±12.43 191.4±57.78 14.32±9.26 
91 Grass(G) Gradual 316±51.8 62.18±16.21 253.78±35.58 4.32±0.46 
91 Grass(G) Rapid 129.8±28.7 37.84±10.73 91.92±35.18 3.27±1.5 
91 Comp.G Constant 212.9±52.6 32.96±12.45 179.91±47.33 6.7±2.88 
91 Comp.G Gradual 231.6±62.4 20.27±7.21 211.29±55.15 10.83±1.13 
91 Comp.G Rapid 171.9±45.7 21±4.15 150.95±44.6 7.68±2.89 
91 Ferm.G Constant 172.9±50.7 11.88±4.16 161.01±49.29 15.67±6.68 
91 Ferm.G Gradual 154.1±36.1 11.8±4.87 142.29±33.78 14.8±5.28 
91 Ferm.G Rapid 75.2±9.6 7.22±1.55 68±10.59 10.84±3.35 
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Table L2 (continued). Means and standard errors for microbial properties 
Day Amend. Temp. Biomass-C CO2-Rate 𝛅𝛅𝟏𝟏𝟏𝟏𝐌𝐌𝐌𝐌𝐌𝐌 Priming-R Quotient 

 
 

  
[µg mg−1] [µg 

 g−1 d-1] [µg mg−1] [µg 
 g−1 d-1] 

[µg  
g−1MBC d-

1] 
0 Control Constant 32.7±2.46 2.09±0.12 - - - 
0 Grass(G) Constant 150.14±32.55 5.28±0.93 42.42±6.85 3.18±0.93 0.13±0.03 
0 Comp.G Constant 147.54±29.08 5.38±1.53 47.66±11.36 3.28±1.53 0.13±0.06 
0 Ferm.G Constant 51.52±41.43 6.24±0.64 10.95±0.42 4.14±0.64 0.62±0.03 

12 Control Rapid 30.65±6.64 4.13±1.1 - - - 
12 Grass(G) Rapid 85.7±4.62 7.41±3.65 29.98±0.73 3.29±3.65 0.25±0.13 
12 Comp.G Rapid 106.24±13.52 8.33±4.75 44.63±3.88 4.2±4.75 0.07±0 
12 Ferm.G Rapid 47.44±24.02 8.57±2.41 5.31±1.77 4.45±2.41 2.29±1.11 
20 Control Gradual 43.53±8.35 6.04±1.52 - - - 
20 Grass(G) Gradual 152.15±14.65 6.03±2.08 44.37±0.58 -0.01±2.08 0.14±0.05 
20 Comp.G Gradual 61.54±15.99 8.3±1.50 19.95±9.16 2.26±1.5 1.42±1.17 
20 Ferm.G Gradual 105.25±19.37 7.76±1.43 10.32±4.06 1.72±1.43 1.04±0.36 
40 Control Gradual 44.7±2.54 2.61±0.78 - - - 
40 Control Rapid 26.33±5.15 1.69±0.17 - - - 
40 Grass(G) Gradual 102.25±11.16 4.71±0.68 32.08±1.19 2.1±0.68 0.15±0.02 
40 Grass(G) Rapid 76.53±2.46 2.83±0.61 23.85±0.16 1.14±0.61 0.12±0.03 
40 Comp.G Gradual 108.28±12.57 4.37±0.94 40.52±4.57 1.76±0.94 0.11±0.02 
40 Comp.G Rapid 122.12±14.91 3.25±0.74 43.06±4.64 1.56±0.74 0.08±0.02 
40 Ferm.G Gradual 79.33±4.88 2.1±0.21 7.25±0.28 -0.5±0.21 0.29±0.02 
40 Ferm.G Rapid 88.89±13.6 3.18±0.72 7.74±2.02 1.49±0.72 0.49±0.2 
91 Control Constant 26.98±5.73 1.99±0.28 - - - 
91 Control Gradual 41.06±7.06 2.2±0.40 - - - 
91 Control Rapid 37.58±4.45 2.67±0.07 - - - 
91 Grass(G) Constant 86.53±1.95 3.89±0.31 27.24±0.2 1.9±0.31 0.15±0.02 
91 Grass(G) Gradual 89.9±12.52 4.86±0.71 21.95±2.45 2.66±0.71 0.22±0.02 
91 Grass(G) Rapid 84.99±6.97 3.46±0.82 21.2±0.26 0.79±0.82 0.16±0.04 
91 Comp.G Constant 84.36±14.43 4.6±0.39 33.86±2.82 2.61±0.39 0.14±0.01 
91 Comp.G Gradual 93.14±12.01 3.64±0.84 34.2±5.39 1.44±0.84 0.12±0.04 
91 Comp.G Rapid 99.23±4.45 4.47±0.93 30.78±1.6 1.8±0.93 0.14±0.03 
91 Ferm.G Constant 72.59±6.39 3.33±0.16 6.37±0.69 1.34±0.16 0.53±0.04 
91 Ferm.G Gradual 71.63±13.4 2.68±0.44 4.56±1.57 0.48±0.44 0.93±0.5 
91 Ferm.G Rapid 63.45±17.75 3.47±0.22 5.74±0.82 0.8±0.22 0.65±0.15 

 

 



 

M MiPrime Parameter trace and histograms 

  
Figure M1. Parameter trace of all samples and histogram of parameter values with the top 
10% highest likelihood of the last 1000 samples post-convergence. Figure continues below. 
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Figure M1 (continued). Parameter trace of all samples and histogram of parameter values 
with the top 10% highest likelihood of the last 1000 samples post-convergence.



 

N Observed and predicted concentrations 
in from EN and EX pools. 

Figure N1. Model simulation and observed data for total, mineralized, microbial 
biomass and primed exogenous carbon concentrations after amending a podzol with 
grasses, composted grasses, fermented grasses and no organic amendment (control). 
The shaded area denotes the 5% and 95%quantiles. The dashed line in observed vs. 
simulated plots is the line of perfect fit (1:1 match of observed to simulated data) 
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Figure N2. Model simulation and observed data for Dissolvable (D), hot water 
extractable (H) and Insoluble (I) exogenous carbon concentrations after amending a 
podzol with grasses, composted grasses, fermented grasses and no organic amendment 
(control). The shaded area denotes the 5% and 95% quantiles. The dashed line in 
observed vs. mean simulated plots is the line of perfect fit (1:1 match of observed to 
simulated data). 
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Figure N3. Model simulation and observed data for total, mineralized, microbial 
biomass and primed endogenous carbon concentrations after amending a podzol with 
grasses, composted grasses, fermented grasses and no organic amendment (control). 
The shaded area denotes the 5% and 95% quantiles. The dashed line in observed vs. 
simulated plots is the line of perfect fit (1:1 match of observed to simulated data). 

 

 

 

 

 



242 | Appendices 

 

 

 

 

Figure N4. Model simulation and observed data for Dissolvable (D), hot water 
extractable (H) and Insoluble (I) endogenous carbon concentrations after amending a 
podzol with grasses, composted grasses, fermented grasses and no organic amendment 
(control). The shaded area denotes the 5% and 95% quantiles. The dashed line in 
observed vs. mean simulated plots is the line of perfect fit (1:1 match of observed to 
simulated data).
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Figure N5. Model predictions of total, mineralized, microbial biomass and primed 
exogenous carbon concentrations after amending a podzol with wood chips and waterway 
residues. The shaded area denotes the 5% and 95% quantiles. 

  



244 | Appendices 

 

 

 
Figure N6. Model predictions of Dissolvable (D), Hot water extractable (H) and Insoluble 
(I) exogenous carbon concentrations after amending a podzol with wood chips and 
waterway residues. The shaded area denotes the 5% and 95% quantiles. 
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Figure N7. Model prediction of total, mineralized, microbial biomass and primed 
endogenous carbon concentrations after amending a podzol with wood chips and waterway 
residues. The shaded area denotes the 5% and 95% quantiles. 
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Figure N8. Model prediction of data for dissolvable (d), hot water extractable (h) and 
insoluble (i) endogenous carbon fractions after amending a podzol with wood chips and 
waterway residues. The shaded area denotes the 5% and 95% quantiles.  
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Figure N9. Model predictions of total, mineralized, microbial biomass and primed 
exogenous carbon concentrations after the hypothetical application of pure Dex, Hex and 
Iex substances. The shaded area denotes the 5% and 95% quantiles. 
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Figure N10. Model predictions of Dissolvable (D), Hot water extractable (H) and Insoluble 
(I) exogenous carbon concentrations after the hypothetical application of pure Dex, Hex 
and Iex substances. The shaded area denotes the 5% and 95% quantiles.  
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Figure N11. Model prediction of total, mineralized, microbial biomass and primed 
endogenous carbon concentrations after the hypothetical application of pure Dex, Hex and 
Iex substances. The shaded area denotes the 5% and 95% quantiles.  
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Figure N12. Model prediction of data for Dissolvable (D), Hot water extractable (H) and 
Insoluble (I) endogenous carbon fractions after the hypothetical application of pure Dex, 
Hex and Iex substances. The shaded area denotes the 5% and 95% quantiles.  
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O Soil Properties 

Table O1. Soil properties at Heelsum and Harreveld, sampled at 0-30 cm depth. 

Property  Anthrosol Podzol 
Location  Heelsum Harreveld 
Sampling date baseline prop. [dd-mm-yy] 12-03-2018 13-03-2018 
Sand (>50µm) [%] 74 (coarse) 72 (fine) 
Silt (2-50µm) [%] 20 19 
Clay (<2µm) [%] 2 3 
C/N-Ratio [-] 15 16 
Organic Matter [%] 3.7 6.2 
pH [-] 5.4 5.6 
CEC [meq] 56 105 
N – Total [kg N/Ha] 5860 8440 
P - Total [kg P/Ha] 1610 1245 
K - Total [kg K/Ha] 360 420 
S – Total [kg S/Ha] 1125 1500 
Ca – Total [kg Ca/Ha] 3540 6525 
N – Plant available [kg N/Ha] 80 105 
P – Plant available [kg P/Ha] 11 1.1 
K – Plant available [kg K/Ha] 215 135 
Mg – Plant available [kg Mg/Ha] 255 635 
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P Field Management 

Table P1. Dates of interventions at the Heelsum site. 

Anthrosol/Heelsum 2018 2019 2020 
Tilled 20-Feb Feb Feb 
Organic amendment application 23-Mar 19-Mar 16-Mar 
Integration of amendments into soil 4-Apr 20-Mar 17-Mar 
Sowing Maize 6-Apr 8-Apr 9-Apr 
Mineral fertilizer application 9-Apr 4-Apr 24-Apr 
Summer sampling n/a 27-Jun 29-Jun 
Harvest Maize 1-Aug Aug 17-Aug 
Autumn sampling n/a 28-Nov 23-Nov 
Tillage and sowing catch-crop 17-Aug Aug Aug 

 

.Table P2. Dates of interventions at the Harreveld site 

Podzol/Harreveld 2018 2019 2020 
Tillage catch-crop removal 27-Mar 7-Mar Mar 
Tilled Apr 17-Apr 23.Apr 
Organic amendment application 10-Apr 5-Apr 25-Mar 
Sowing Maize 27-Apr 24-Apr 24-Apr 
Mineral fertilizer application Apr 18-Apr 29-Apr 
Summer sampling n/a 21-Jun 23-Jun 
Harvest Maize 1-Sep 28-Sep 23-Sep 
Autumn sampling n/a 22-Nov 20-Nov 
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Q Amendment application rates 
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R Amendment composition 
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S Contrast analysis amendment 
improvements 
Table S1. Contrast analysis for bulk density at the Anthrosol site where EMM is the model estimated 
marginal mean of absolute values, and G&M is an abbreviation for the grasses&manure combination. 

OA Contrast  
with Control 

Season and  
Season  

Contrast 
EMM Std. 

Error Z-ratio p-value 
Change 
rel. to 

control 
  [g cm-3] [g cm-3] [-] [-] [%] 

Control Summer 1.30 0.03 - - - 
 Winter 1.27 0.03 - - - 
 Wint. - Sum. -0.03 0.06 - - - 
Grasses - Control  Summer -0.08 0.05 -1.77 3.8E-02 -6.15 
 Winter -0.04 0.03 -1.36 8.8E-02 -3.15 
 Wint. - Sum. 0.04 0.06 0.77 4.4E-01 3 
G&M - Control Summer -0.07 0.05 -1.57 5.8E-02 -5.38 
 Winter -0.04 0.03 -1.39 8.2E-02 -3.15 
 Wint. - Sum. 0.03 0.06 0.59 5.5E-01 2.23 
Compost - Control Summer -0.10 0.04 -2.76 2.9E-03 -7.69 
 Winter -0.02 0.03 -0.67 2.5E-01 -1.57 
 Wint. - Sum. 0.08 0.05 1.72 8.6E-02 6.12 
Manure - Control Summer -0.04 0.04 -1.14 1.3E-01 -3.08 
 Winter -0.08 0.03 -2.80 2.6E-03 -6.3 
 Wint. - Sum. -0.04 0.05 -0.76 4.5E-01 -3.22 

Table S2. Contrast analysis for infiltration capacity at the Anthrosol site where EMM is the model estimated 
marginal mean of absolute values, and G&M is an abbreviation for the grasses&manure combination. 

OA Contrast  
with Control 

Season and  
Season  

Contrast 
EMM Std. 

Error Z-ratio p-value 
Change 
rel. to 

control 
  [mm min-1] [-] [-] [%] 

Control Summer 6.66 0.76 - - - 
 Winter 7.22 0.88 - - - 
 Wint. - Sum. 0.57 1.64 - - - 
Grasses - Control  Summer 4.49 1.70 2.65 4.1E-03 67.42 
 Winter -0.11 1.11 -0.10 5.4E-01 -1.52 
 Wint. - Sum. -4.60 2.02 -2.28 2.3E-02 -68.94 
G&M - Control Summer 7.20 1.86 3.87 5.3E-05 108.11 
 Winter 0.86 1.18 0.73 2.3E-01 11.91 
 Wint. - Sum. -6.34 2.20 -2.88 4.0E-03 -96.2 
Compost - Control Summer -0.92 1.09 -0.84 8.0E-01 -13.81 
 Winter -0.30 1.15 -0.27 6.0E-01 -4.16 
 Wint. - Sum. 0.61 1.59 0.38 7.0E-01 9.65 
Manure - Control Summer 2.30 1.43 1.61 5.4E-02 34.53 
 Winter -0.79 1.04 -0.75 7.7E-01 -10.94 
 Wint. - Sum. -3.09 1.76 -1.76 7.9E-02 -45.47 
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Table S3. Contrast analysis for aggregate stability at the Anthrosol site where EMM is the model estimated 
marginal mean of absolute values, and G&M is an abbreviation for the grasses&manure combination 
treatment. 

OA Contrast  
with Control 

Season and  
Season  

Contrast 
EMM Std. 

Error Z-ratio p-value 
Change 
rel. to 

control 
  [mm] [mm] [-] [-] [%] 

Control Summer 1.34 0.11 - - - 
 Winter 1.25 0.14 - - - 
 Wint. - Sum. -0.09 0.25 - - - 
Grasses - Control  Summer 0.40 0.15 2.67 3.8E-03 29.85 
 Winter 0.45 0.13 3.34 4.2E-04 36 
 Wint. - Sum. 0.05 0.20 0.24 8.1E-01 6.15 
G&M - Control Summer 0.62 0.15 4.13 1.8E-05 46.27 
 Winter 0.75 0.15 5.03 2.5E-07 60 
 Wint. - Sum. 0.13 0.21 0.62 5.4E-01 13.73 
Compost - Control Summer 0.11 0.13 0.84 2.0E-01 8.21 
 Winter 0.45 0.14 3.36 3.9E-04 36 
 Wint. - Sum. 0.34 0.19 1.81 7.0E-02 27.79 
Manure - Control Summer 0.28 0.13 2.07 1.9E-02 20.9 
 Winter 0.62 0.14 4.35 6.9E-06 49.6 
 Wint. - Sum. 0.35 0.20 1.77 7.7E-02 28.7 

 

Table S4. Contrast analysis for water retention at the Anthrosol site where EMM is the model estimated 
marginal mean of relative change in PAW (volumetric) when compared to the control, and G&M is an 
abbreviation for the grasses&manure combination treatment. An EMM of 0 would indicate no change relative 
to the control, whereas positive and negative values indicate mean percentual increases and decreases relative 
to the control. 

OA Contrast  
with Control 

Season and  
Season Contrast EMM Std. 

Error Z-ratio p-value 

  [%] [%] [-] [-] 
Grasses −  Control 

Control  
Summer 47.39 22.67 2.09 1.4E-01 
Winter 57.48 23.24 2.47 1.1E-01 
Winter - Summer 10.09 8.87 1.14 3.4E-01 

G&M −  Control 
Control  

Summer 19.06 21.96 0.87 2.8E-01 
Winter 44.69 23.24 1.92 1.4E-01 
Winter - Summer 25.63 10.49 2.44 8.5E-02 

Compost −  Control 
Control  

Summer 9.85 5.12 1.92 7.5E-02 
Winter -19.57 7.24 -2.70 9.6E-01 
Winter - Summer -29.41 8.87 -3.32 4.4E-02 

Manure −  Control 
Control  

Summer -5.05 5.12 -0.99 8.0E-01 
Winter -28.26 7.24 -3.90 9.9E-01 
Winter - Summer -23.21 8.87 -2.62 7.8E-02 
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Table S5. Contrast analysis for bulk density at the Podzol site. Abbreviations: EMM is the model estimated 
marginal mean, WWR is waterway residues, WWR&M is waterway residues & manure combination 
treatment, and B&M is Bokashi & manure combination. 

OA Contrast  
with Control 

Season and  
Season Contrast EMM Std. 

Error 
Z-

ratio p-value 
Ch. 

rel. to 
contr. 

  [g cm-3] [-] [-] [%] 
Control Summer 1.22 0.03 - - - 
 Winter 1.15 0.02 - - - 
 Winter - Summer -0.07 0.05 - - - 
Compost - Control  Summer -0.12 0.04 -2.85 2.2E-03 -9.84 
 Winter 0.01 0.03 0.21 5.8E-01 0.87 
 Winter - Summer 0.13 0.05 2.35 1.9E-02 10.71 
Manure - Control Summer -0.03 0.05 -0.72 2.4E-01 -2.46 
 Winter 0.07 0.04 1.92 9.7E-01 6.09 
 Winter - Summer 0.10 0.06 1.71 8.8E-02 8.55 
Bokashi - Control Summer -0.10 0.05 -2.06 2.0E-02 -8.2 
 Winter -0.04 0.03 -1.21 1.1E-01 -3.48 
 Winter - Summer 0.06 0.06 0.98 3.3E-01 4.72 
B&M - Control Summer -0.04 0.05 -0.80 2.1E-01 -3.28 
 Winter -0.02 0.03 -0.51 3.0E-01 -1.74 
 Winter - Summer 0.02 0.06 0.36 7.2E-01 1.54 

Table S6. Contrast analysis for infiltration capacity at the Podzol site. Abbreviations: EMM is the model 
estimated marginal mean, WWR is waterway residues, WWR&M is waterway residues & manure 
combination treatment, and B&M is Bokashi & manure combination. 

OA Contrast  
with Control 

Season and  
Season Contrast EMM Std. 

Error Z-ratio p-value 
Ch. 

rel. to 
contr. 

  [mm min-1] [-] [-] [%] 
Control Summer 5.55 0.85 - - - 
 Winter 2.65 0.38 - - - 
 Winter - Summer -2.9 1.23 - - - 
Compost - Control  Summer -0.07 1.16 -0.06 5.2E-01 -1.26 
 Winter 1.07 0.83 1.29 9.9E-02 40.38 
 Winter - Summer 1.14 1.46 0.78 4.4E-01 41.64 
Manure - Control Summer 0.59 1.39 0.43 3.3E-01 10.63 
 Winter 0.77 0.76 1.01 1.6E-01 29.06 
 Winter - Summer 0.17 1.63 0.11 9.2E-01 18.43 
WWR - Control Summer 5.52 2.43 2.27 1.2E-02 99.46 
 Winter 0.70 1.03 0.68 2.5E-01 26.42 
 Winter - Summer -4.82 2.62 -1.84 6.6E-02 -73.04 
WWR&M - Control Summer 2.99 1.89 1.58 5.7E-02 53.87 
 Winter 2.67 1.37 1.94 2.6E-02 100.75 
 Winter - Summer -0.33 2.32 -0.14 8.9E-01 46.88 
Bokashi - Control Summer -1.22 1.39 -0.88 8.1E-01 -21.98 
 Winter -0.91 0.69 -1.33 9.1E-01 -34.34 
 Winter - Summer 0.30 1.49 0.20 8.4E-01 -12.36 
B&M - Control Summer -1.13 1.40 -0.81 7.9E-01 -20.36 
 Winter 1.01 1.05 0.96 1.7E-01 38.11 
 Winter - Summer 2.14 1.70 1.26 2.1E-01 58.47 
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Table S7. Contrast analysis for aggregate stability at the Podzol site. Abbreviations: EMM is the model 
estimated marginal mean, WWR is waterway residues, WWR&M is waterway residues & manure 
combination treatment, and B&M is Bokashi & manure combination treatment. 

OA Contrast  
with Control 

Season and  
Season Contrast EMM Std. 

Error Z-ratio p-value 
Ch. 

rel. to 
contr. 

  [mm] [mm] [-] [-] [%] 
Control Summer 1.86 0.16 - - - 
 Winter 1.80 0.14 - - - 
 Winter - Summer -0.06 0.30 - - - 
Compost - Control  Summer 0.02 0.21 0.08 4.7E-01 1.08 
 Winter 0.46 0.20 2.33 9.9E-03 25.56 
 Winter - Summer 0.44 0.29 1.54 1.2E-01 24.48 
Manure - Control Summer 0.32 0.20 1.57 5.8E-02 17.2 
 Winter 0.28 0.20 1.41 8.0E-02 15.56 
 Winter - Summer -0.04 0.28 -0.14 8.9E-01 -1.64 
WWR - Control Summer -0.08 0.22 -0.38 6.5E-01 -4.3 
 Winter 0.31 0.25 1.26 1.0E-01 17.22 
 Winter - Summer 0.39 0.32 1.24 2.2E-01 21.52 
WWR&M - Control Summer -0.07 0.22 -0.34 6.3E-01 -3.76 
 Winter 0.22 0.24 0.92 1.8E-01 12.22 
 Winter - Summer 0.29 0.31 0.94 3.5E-01 15.98 
Bokashi - Control Summer -0.48 0.23 -2.13 9.8E-01 -25.81 
 Winter 0.73 0.28 2.57 5.1E-03 40.56 
 Winter - Summer 1.21 0.34 3.55 3.8E-04 66.37 
B&M - Control Summer 0.16 0.30 0.52 3.0E-01 8.6 
 Winter 0.50 0.27 1.88 3.0E-02 27.78 
 Winter - Summer 0.34 0.38 0.89 3.7E-01 19.18 

Table S8. Contrast analysis for water retention at the Podzol site.An EMM of 0 would indicate no change 
relative to the control, whereas positive and negative values indicate mean percentual increases and decreases 
relative to the control. 

OA Contrast  
with Control 

Season and  
Season Contrast EMM Std. 

Error Z-ratio p-value 

  [%] [%] [-] [-] 
Compost −  Control 

Control  
Summer -9.0 8.3 -1.1 8.0E-01 
Winter 11.1 11.8 0.9 2.2E-01 
Winter - Summer 20.2 14.4 1.4 3.0E-01 

Manure −  Control 
Control  

Summer -0.3 8.3 0.0 5.1E-01 
Winter 17.8 11.8 1.5 1.4E-01 
Winter - Summer 18.1 14.4 1.3 3.4E-01 

WWR −  Control 
Control  

Summer 10.0 13.6 0.7 2.5E-01 
Winter n.d n.d n.d n.d 
Winter - Summer n.d n.d n.d n.d 

WWR&M −  Control 
Control  

Summer 31.1 13.6 2.3 4.4E-02 
Winter n.d n.d n.d n.d 
Winter - Summer n.d n.d n.d n.d 

Bokashi −  Control 
Control  

Summer 10.5 13.6 0.8 2.4E-01 
Winter 50.0 13.1 3.8 1.5E-02 
Winter - Summer 39.5 17.1 2.3 1.4E-01 

B&M −  Control 
Control  

Summer 33.5 13.6 2.5 3.6E-02 
Winter 77.8 13.1 5.9 4.6E-03 
Winter - Summer 44.3 17.1 2.6 1.2E-01 
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T Largest and smallest changes relative to 
the control for organic amendment 
treatments per site and per season  
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U Comparison of compost and manure results 
with other studies  

Compost generally produced temporally favorable impacts by i) reducing in bulk density 
during the growing season, potentially facilitating oxygen diffusion and root penetration 
and ii) increasing in aggregate stability by winter, potentially benefitting nutrient retention 
outside the growing season and inhibiting nutrient leaching, and iii) for the podzol site, 
increasing infiltration capacity by winter, potentially facilitating the discharge of intensified 
winter precipitation (Table 7). Comparing compost impacts is difficult as more than 600 
studies on its role in agriculture have been published over the past 11 years alone (Rivier et 
al. 2022:20). Studies on its impacts have reported decreases in bulk density of 4% for sandy 
soils after 30 days (Rivier et al. 2022:20), 11.2% within several months (Mylavarapu and 
Zinati 2009), up to 20% after 12 years (Celik et al. 2010), general variations between 0.7% 
and 23% (Martínez-Blanco et al. 2013), which all coincide well with our observations of 
decreases of 1.6%-7.7% and 0.87%-9.8% for anthrosol and podzol sites respectively. In a 
review of 80 studies on aggregate stability, Abiven et al. (2009) show the that compost 
applications typically improve soil aggregate stability in the range of 0-30%. Assuming 
wide variation in sampling moment for these 80 studies, these findings align with current 
results showing a 1-36% variation in the effect of compost on aggregate stability. Studies 
report positive impacts of compost on infiltration capacity of c.a. 24-50% (Logsdon, Sauer, 
and Shipitalo 2017), as well as 18% decreases (Demir and Doğan Demir 2019) and 
increases as high as 700% (Gonzalez and Cooperband 2002), of which the lower ranges 
coincide with  our observations of -13% (decrease, not tested for significance) to 40% 
increases. Infiltration capacity measurements are often difficult to compare as they are 
sensitive to many factors, including the many different methods employed for its 
determination (Deb and Shukla 2012). 

Manure only produced temporally beneficial effects on aggregate stability at the anthrosol 
site and on bulk density and aggregate stability at the podzol site. Comparatively, the grass 
& manure combination treatment, which was only applied at the anthrosol soil, seems a 
more promising alternative to applying manure alone as it produced temporally favorable 
effects for more soil properties, namely aggregate stability, bulk density, and water 
retention (though the large improvements in water retention, of up to 45% increased PAW, 
were not statistically significant). The application of manure is a traditional soil 
improvement strategy that dates back to 6000 B.C. (Bogaard et al. 2013) and its effects are 
therefore historically extensively studied and reported (Rayne and Aula 2020). As an 
indication of several observed trends, dairy manure has shown to decrease bulk density by 
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2.1% when combined with artificial fertilizers (Haque et al. 2019), 2.7% to 9.5% 
(Rasoulzadeh, Yaghoubi, and others 2010), 4%, 8%, and 9% with increasing application 
rates (Ahmad et al. 2016), extending to 13.1% (Meng et al. 2019), and even 14% after 12 
years (Celik et al. 2010). Our observations are on the somewhat lower end of these ranges, 
namely at 3.1% to 6.3% and 2.5% to -6.1% (increase) for the anthrosol and podzol sites 
respectively. Aggregate stability changes are reported from no significant effects (Karami 
et al. 2012), 43.1% and 51.1% (Rasoulzadeh et al. 2010), 75% (Celik et al. 2010), to 
variations of -20% to 40% depending on the method (Annabi et al. 2011). These findings 
roughly agree with this study’s observed ranges of 21% to 50% and 17% to 15% for 
anthrosol and podzol sites, respectively. Changes in hydraulic conductivity for manure are 
observed to vary significantly with observations ranging around 62.2%, 35.5% (Khan et al., 
2010), 160% to 174% (Rasoulzadeh et al. 2010), -4.6% to 35.4% (Aday, Hameed, and Al-
faris 2019), -35% (Demir and Doğan Demir 2019), 115%, 167%, and 234% for increasing 
application rates (Fares et al. 2008). Our observations range from -11% to 35% and 11% to 
29% for anthrosol and podzol sites, respectively, and are therefore at a somewhat lower end 
of changes reported in other studies. 

 


