The dissimilarity between multiple management practices drives the impact on soil properties and functions
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Figure S1. Respiration measured on the 6th, 13th, 20th, 27th and 45th day of management practices at 2, 4, 6, and 8 factor levels. 


Notes S1. Measurement of response variables
We measured six response variables: pH, water stable aggregates, enzyme activities, POXC, respiration and total nitrogen. 
1) pH measurement. 5g air dried soil was weighed in a 50mL centrifuge tube (Product Nr: 62.547.255, Sarstedt AG & Co., Germany), where 12.5 mL calcium chloride solution was added inside. The tubes were shaken vertically at 200 rpm for 30 mins with a shaking machine (Product Nr: 541-21009-00, Reax2, Heidolph Instrument GmbH & Co. KG, Schwabach, Germany) , and centrifuge at 3000 rpm for 5 mins. The pH of each sample was determined by placing a pH probe (Hanna Instrument, Smithfield, USA) in the supernatant after centrifugation for 2 mins.
2) Enzyme measurement. Four enzyme activities were measured: β-glucosidase, β-D-cellobiosidase, β-N-acetylglucosaminidase and phosphatase. The β-glucosidase activity was measured by a substrate solution p-nitrophenyl-β-glucoside (Sigma no. N7006) and β-D-cellobiosidase activity was measured by the substrate solution of p-nitrophenyl-β-D-cellobioside (Sigma no. N5759). These two enzymes can indicate cellulose degradation. β-N-acetylglucosaminidase activity was measured using the substrate p-nitrophenyl-β-N-acetylglucosaminide (Sigma no. N9376) to indicate chitin degradation and phosphatase was measured using the substrate p-nitrophenyl-phosphate (Sigma no. 71768) to indicate phosphorus usage. 5g fresh soil was weighed and placed in a 50 mL centrifuge tube (Product Nr: 62.547.255, Sarstedt AG & Co., Germany) where around 8 mL 50 mM acetate buffer was added. The mixture should be vortexed for 30 s, then 150 μl slurry was transferred immediately to each six wells in the 96-well microplate. Afterwards 150 μl acetate buffer was added to the last two wells of each sample individually, while 150 μl enzyme substrate was added to the first four wells of each sample individually. The 96- well microplate was incubated in dark at 25 °C for 2- 4 h counting from the moment when the enzyme substrate was added. After the incubation, the 96- well microplate was placed on centrifugation under 3000 rpm for 5 mins. 100 μl supernatant of each well was transferred to a new clear 96- well microplate and 200 μl of 0.05 M NaOH was added to each well subsequently to stop the reaction. Absorbance was recorded at 410 nm using a microplate reader (BioRad, Benchmark Plus, Japan). The enzyme activity was calculated using the formula: Enzyme activity = (3 × Final absorbance × the slope of the standard curve) /(incubation time x soil dry mass of 150 μl slurry)
3) Soil respiration measurement. The respiration measurement was conducted during the incubation phase on every Monday of the 1st, 2nd, 3rd, 4th and 6th week. The lids (Product Nr: OD95, SacO2, Germany) were used after modification with rubber septums that were fixed by glue gun to the lids. The airtight property of the lids were tested before usage. Each test unit was sealed with the modified lid, flushed with CO2 free air for 5 mins and incubated at 25°C for 2.5 hours. 1 mL of gas sample was collected after incubation and measured using a gas analyzer (LI-6400XT, LI-COR Biosciences GmbH, Germany). 
4) Permanganate oxidizable carbon. The POXC was determined with 0.2M KMnO4 solution according to the method from Weil et al. (2003). A 96-well plate reader was used with a wavelength of 550 nm (spectrometer company etc.) to determine the absorbance of the measurements. A standard curve should be plotted before the measurement. Three concentrations of KMnO4 dilution were made - 0.005M, 0.01M, and 0.015M. 0.5mL of each solution was added to 49.5mL distilled water in 50mL centrifuge tubes individually. The four concentration (including 0.2M KMnO4) was pipetted into the first three rows of a 96-well plate with three times repeating. 2.5g of air dried soil was weighed and transferred into a labelled 50mL centrifuge tube.To prepare the soil reaction, 18 mL distilled water and 2 mL 0.2M KMnO4 solution were added into the tube. The caps should be closed quickly and tightly after adding the KMnO4 solution. All tubes were placed on a shaker to mix the soil with the solution under 120 rpm for 2 mins. The well-mixed soil slurry tube was then covered with an aluminium paper with a purpose to provide a dark environment, and kept undisturbed for 8 mins to allow the soil to settle. While waiting for the settling, 49.5 mL distilled water was added to another 50 mL centrifuge tube. Once the settling time has ended, 0.5 mL supernatant should be transferred to the second centrifuge tube as quickly as possible to stop the reaction. The same procedure was applied without soil to produce the control sample. The calculation formula is: POXC (mg/kg soil) = [0.02mol/L-(a+b*Abs)]*(9000mg C/mol)*(0.02L solution/Wt). Where 0.02mol/L is the initial concentration of the KMnO4 solution, a is the intercept of the standard curve, b is the slope of the standard curve, Abs is the absorbance of the measured sample (subtract out the average of the 2 control samples from the the average of the 6 soil samples), 9000mg C/mol is the mg of C oxidised by 1M KMnO4, 0.02L solution is the volume of reacted solution, Wt is the mass of air dried soil sample [kg].
5) Water stable aggregates. We used 4 g dry soil to test the water-stable aggregates for aggregates with a diameter larger than 250 μm. We weighed 4g dry soil above a 250 μm sieve that was placed on a weighing tray, then used distilled water from outside of the sieve to soak the soil for 5 minutes. Then we placed 8 sieves in a sieving machine (Eijkelkamp, Netherlands) that lasted 3 minutes for each run. The left aggregates above the sieve were flushed back to the corresponding cleaned weighing trays. The washed aggregates were placed in an oven at 60 °C overnight, where the dried mass was recorded as dry matter. Then we rewetted the soil and used a finger to gently wash the left soil above a 250 μm mesh until the water that flushed down turned clear. The left aggregates above the sieve were flushed back to the corresponding cleaned weighing trays and placed in an oven at 60 °C overnight, where the dried mass was recorded as coarse matter. The water stable aggregates were calculated as percentage with the formula: WSA (%) = [(dry matter - coarse matter) / (sample weight - coarse matter)]

Table S1. Significant tests of single management practices effects on response variables. Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	N-acetyl-glucosaminidase activity
	Cellulase activity
	β-glucosidase activity
	Phosphatase activity
	pH
	Water stable aggregates
	POXC
	TN

	OM diversity treatment
	9.89549026386705e-07***
	0.247348
	0.257703
	0.04186**
	5.106837e-11***
	p < 0.0001***
	1
	1

	Compost
	0.04217**
	0.999378
	0.999976
	0.884941
	3.364882e-03***
	p < 0.0001***
	1
	1

	Biochar
	0.152728
	1
	1
	0.240551
	3.646330e-03***
	p < 0.0001***
	0.999993
	0.999991

	Amorphous silica
	0.152728
	1
	1
	0.240551
	9.999964e-01
	p < 0.0001***
	0.999993
	1

	Basalt
	0.077594*
	0.996548
	1
	0.953727
	4.087505e-01
	p < 0.0001***
	0.997758
	0.903565

	Microbial community
	0.000896***

	1
	1
	0.527683
	8.264194e-01
	p < 0.0001***
	0.999999
	0.999994

	Physical disturbance
	0.007283***
	1
	1
	0.99907
	5.170366e-01
	p < 0.0001***
	0.9289
	0.992159

	Clay
	0.001964***
	1
	0.257703
	0.859527
	7.822838e-07***
	p < 0.0001***
	1
	0.999161



Table S2. Water stable aggregates p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	0.239998
	0.185342
	0.294653
	p < 0.0001

	Compost
	0.202951
	0.149835
	0.256067
	p < 0.0001

	Biochar
	0.212291
	0.16044
	0.264142
	p < 0.0001

	Amorphous silica
	0.218273
	0.163617
	0.272929
	p < 0.0001

	Basalt
	0.239365
	0.184709
	0.294021
	p < 0.0001

	Microbial community
	0.234971
	0.181854
	0.288087
	p < 0.0001

	Physical disturbance
	0.2483
	0.195184
	0.301416
	p < 0.0001

	Clay
	2.436865e-01
	0.190570488

	0.296802512
	p < 0.0001

	2
	2.182615e-01
	0.171394477
	0.265128615
	p < 0.0001

	4
	2.086033e-01
	0.161269924
	0.255936763
	p < 0.0001

	6
	1.894372e-01
	0.143366254
	0.235508189
	p < 0.0001

	8
	1.555040e-01
	0.102388013
	0.208620037
	6.994405e-14



Table S3. Soil pH p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	0.52875
	0.305839
	0.751661
	5.10683717536153e-11

	Compost
	0.269028
	0.052397
	0.485659
	0.003365

	Biochar
	0.26125
	0.049778
	0.472722
	0.003646

	Amorphous silica
	-0.0375
	-0.26041
	0.185411
	0.999996

	Basalt
	0.1625
	-0.06041
	0.385411
	0.40875

	Microbial community
	0.117917
	-0.09871
	0.334547
	0.826419

	Physical disturbance
	0.147917
	-0.06871
	0.364547
	0.517037

	Clay
	0.393472
	0.176841
	0.610103
	7.8228382061063e-07

	2
	0.280074
	0.088929
	0.471218
	0.00017

	4
	0.324375
	0.131328
	0.517422
	6.84127000227797e-06

	6
	0.477566
	0.289668
	0.665464
	2.33468799848424e-12

	8
	0.405694
	0.189064
	0.622325
	3.09927898789475e-07




Table S4. POXC p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	-18.7575
	-242.17
	204.6552
	1

	Compost
	5.587639
	-211.531
	222.7058
	1

	Biochar
	39.7875
	-183.625
	263.2002
	0.999993

	Amorphous silica
	39.7875
	-183.625
	263.2002
	0.999993

	Basalt
	65.86575
	-146.082
	277.8137
	0.997758

	Microbial community
	30.95653
	-186.162
	248.0747
	0.999999

	Physical disturbance
	105.3888
	-118.024
	328.8015
	0.9289

	Clay
	-6.37792
	-223.496
	210.7402
	1

	2
	52.76816
	-138.807
	244.343
	0.999307

	4
	1.245625
	-192.235
	194.7267
	1

	6
	-25.887
	-214.208
	162.4336
	1

	8
	-108.942
	-326.061
	108.1758
	0.89321



Table S5. β-N-acetylglucosaminidase enzyme activity p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	0.015119
	0.006728
	0.02351
	9.89549026386705e-07

	Compost
	0.008295
	0.000141
	0.01645
	0.04217

	Biochar
	0.007337
	-0.00105
	0.015727
	0.152728

	Amorphous silica
	0.007337
	-0.00105
	0.015727
	0.152728

	Basalt
	0.00759
	-0.00037
	0.01555
	0.077594

	Microbial community
	0.010965
	0.002811
	0.01912
	0.000896

	Physical disturbance
	0.009885
	0.001495
	0.018276
	0.007283

	Clay
	0.010475
	0.00232
	0.018629
	0.001964

	2
	0.010838
	0.003643
	0.018033
	9.41606320332689e-05

	4
	0.00916
	0.001893
	0.016427
	0.002665

	6
	0.013367
	0.006294
	0.02044
	2.33435649921176e-07

	8
	0.0147
	0.006545
	0.022854
	9.77214158148776e-07



Table S6. Phosphatase enzyme activity p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	0.035638
	0.00063
	0.070646
	0.04186

	Compost
	0.017275
	-0.01675
	0.051296
	0.884941

	Biochar
	0.028484
	-0.00652
	0.063492
	0.240551

	Amorphous silica
	0.028484
	-0.00652
	0.063492
	0.240551

	Basalt
	0.014745
	-0.01847
	0.047956
	0.953727

	Microbial community
	0.02308
	-0.01094
	0.057101
	0.527683

	Physical disturbance
	0.009934
	-0.02507
	0.044941
	0.99907

	Clay
	0.017851
	-0.01617
	0.051873
	0.859527

	2
	0.023671
	-0.01035
	0.057693
	0.485932

	4
	0.01323
	-0.01679
	0.043248
	0.956171

	6
	0.018256
	-0.01206
	0.048573
	0.708797

	8
	0.02556
	-0.00395
	0.055069
	0.162882



Table S7. β-glucosidase enzyme activity p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	0.01848
	-0.00451
	0.041475
	0.257703

	Compost
	-0.00446
	-0.02681
	0.017886
	0.999976

	Biochar
	-0.00114
	-0.02414
	0.021852
	1

	Amorphous silica
	-0.00114
	-0.02414
	0.021852
	1

	Basalt
	-0.00031
	-0.02213
	0.021501
	1

	Microbial community
	0.003081
	-0.01927
	0.025428
	1

	Physical disturbance
	0.002499
	-0.0205
	0.025493
	1

	Clay
	-0.00015
	-0.02249
	0.022198
	1

	2
	-0.00353
	-0.02587
	0.018819
	0.999998

	4
	-0.00195
	-0.02166
	0.017772
	1

	6
	-0.00518
	-0.0251
	0.014731
	0.999608

	8
	-0.00409
	-0.02348
	0.015289
	0.999956



Table S8. β-D-cellobiosidase enzyme activity p values (anova and then Tukey's test). Comparison was done using anova between each single practice and blank control and p values identified using Tukey’s method. Significant effects are shown in bold.
	
	difference
	lower
	upper
	p adjusted

	OM diversity treatment
	0.004657
	-0.00109
	0.010409
	0.247348

	Compost
	-0.00152
	-0.00711
	0.004067
	0.999378

	Biochar
	-0.00045
	-0.0062
	0.005306
	1

	Amorphous silica
	-0.00045
	-0.0062
	0.005306
	1

	Basalt
	-0.00178
	-0.00723
	0.003681
	0.996548

	Microbial community
	-0.00025
	-0.00584
	0.005341
	1

	Physical disturbance
	-0.00043
	-0.00618
	0.005324
	1

	Clay
	-0.00026
	-0.00585
	0.005331
	1

	2
	0.000554
	-0.00504
	0.006144
	1

	4
	-0.00053
	-0.00546
	0.004402
	1

	6
	-0.00104
	-0.00602
	0.003942
	0.999962

	8
	-0.00182
	-0.00667
	0.003032
	0.987937
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Figure S1. Respiration measured on the 6th, 13th, 20th, 27th and 45th day of management practices at 2, 4, 6, and 8 factor levels. 
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