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Fig. S1. Monthly mean air temperature and rainfall during crop growth seasons.
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Fig. S2. Soil ammonium N content across time with application rates. Different letters within sampling time indicate significant differences (p < 0.05) among rates.












Table S2. Soil pH across time with biochar application rates.
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	6.21c
	6.46c
	7.09b
	7.03b
	7.65a
	
	0.39
	0.23
	0.38
	0.15
	0.14

	201807
	6.45c
	6.48c
	7.2b
	7.04b
	7.74a
	
	0.29
	0.23
	0.25
	0.17
	0.21

	201809
	6.59b
	6.63b
	6.64b
	6.96b
	7.51a
	
	0.63
	0.17
	0.45
	0.33
	0.31

	201906
	5.87
	5.95
	6.13
	6.27
	6.36
	
	0.31
	0.30
	0.44
	0.44
	0.21

	201907
	6.16b
	6.27ab
	6.51ab
	6.63ab
	6.7a
	
	0.15
	0.05
	0.14
	0.17
	0.19

	201909
	6.34b
	6.8ab
	6.97a
	6.99a
	7.23a
	
	0.28
	0.19
	0.40
	0.31
	0.18

	202007
	5.96b
	5.91b
	6.13b
	6.27ab
	6.72a
	
	0.43
	0.20
	0.39
	0.06
	0.20

	202010
	5.79b
	5.95b
	6.17ab
	6.21ab
	6.67a
	
	0.19
	0.11
	0.14
	0.03
	0.23

	202107
	5.55ab
	5.16b
	5.55ab
	5.26b
	6.03a
	
	0.44
	0.21
	0.46
	0.28
	0.46

	202109
	5.35
	5.49
	5.85
	5.62
	5.61
	
	0.32
	0.29
	0.42
	0.39
	0.30

	202206
	5.52b
	5.62ab
	5.5b
	5.63ab
	6.12a
	
	0.27
	0.09
	0.41
	0.33
	0.48

	202210
	6.03ab
	5.88ab
	5.74b
	5.74b
	6.4a
	
	0.37
	0.07
	0.15
	0.11
	0.27

	202307
	5.45ab
	5.12b
	5.45ab
	4.78b
	5.79a
	
	0.42
	0.05
	0.28
	0.05
	0.32

	202310
	5.57
	5.44
	5.43
	5.25
	5.62
	
	0.44
	0.16
	0.25
	0.12
	0.31

	202407
	5.21
	5.32
	5.37
	5.34
	5.37
	
	0.28
	0.18
	0.10
	0.10
	0.08

	202410
	5.5ab
	5.39ab
	5.38ab
	5.23b
	5.83a
	
	0.46
	0.11
	0.19
	0.07
	0.36

	202507
	5.76ab
	5.34b
	5.55b
	5.45b
	5.87a
	
	0.43
	0.07
	0.20
	0.23
	0.49

	202510
	5.43bc
	5.08c
	5.17c
	5.17c
	5.77a
	
	0.37
	0.06
	0.15
	0.14
	0.43

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	5.24e
	5.53d
	5.87c
	6.16b
	7.01a
	
	0.05
	0.07
	0.14
	0.03
	0.06

	201807
	5.16e
	5.55d
	5.83c
	6.29b
	6.94a
	
	0.03
	0.08
	0.21
	0.22
	0.05

	201809
	5.15e
	5.43d
	5.86c
	6.26b
	7.02a
	
	0.06
	0.06
	0.13
	0.08
	0.07

	201906
	5.68c
	5.72c
	5.87bc
	6.05b
	6.38a
	
	0.04
	0.08
	0.23
	0.17
	0.08

	201907
	5.4c
	5.68b
	5.76b
	5.93ab
	6.06a
	
	0.06
	0.17
	0.07
	0.04
	0.04

	201909
	5.27c
	5.72b
	6.01a
	6.12a
	6.25a
	
	0.07
	0.29
	0.23
	0.02
	0.01

	202007
	5.34c
	5.52c
	5.94b
	5.99b
	6.35a
	
	0.09
	0.10
	0.26
	0.04
	0.04

	202010
	5.36c
	5.82b
	5.98b
	6.15ab
	6.36a
	
	0.03
	0.27
	0.17
	0.12
	0.14

	202107
	5.2c
	5.36c
	5.75b
	5.94b
	6.62a
	
	0.14
	0.31
	0.25
	0.26
	0.04

	202109
	5.25c
	5.58b
	5.75b
	5.93ab
	6.14a
	
	0.10
	0.20
	0.09
	0.19
	0.04

	202206
	5.38b
	5.66a
	5.77a
	5.91a
	5.92a
	
	0.09
	0.24
	0.16
	0.14
	0.08

	202210
	5.26b
	5.53ab
	5.47b
	5.76a
	5.79a
	
	0.07
	0.22
	0.08
	0.06
	0.05

	202307
	5.04c
	5.46ab
	5.4b
	5.62ab
	5.72a
	
	0.05
	0.22
	0.13
	0.21
	0.09

	202310
	5.23b
	5.46b
	5.59ab
	5.82a
	5.81a
	
	0.12
	0.20
	0.19
	0.15
	0.02

	202407
	5.64
	5.52
	5.56
	5.46
	5.5
	
	0.14
	0.02
	0.03
	0.12
	0.09

	202410
	5.23
	5.33
	5.34
	5.54
	5.37
	
	0.05
	0.02
	0.02
	0.10
	0.04

	202507
	5.24
	5.51
	5.59
	5.78
	5.63
	
	0.11
	0.19
	0.15
	0.19
	0.03

	202510
	5.1
	5.16
	5.3
	5.31
	5.38
	
	0.03
	0.09
	0.07
	0.10
	0.13


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.



Table S3. Soil organic C content across time with biochar application rates., g kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	14.38d
	19.2d
	32.64c
	58.55b
	83.59a
	
	0.74
	2.30
	7.33
	2.26
	1.44

	201807
	14.69c
	17.72c
	36.68b
	44.04b
	63.65a
	
	0.60
	0.85
	1.04
	2.58
	6.99

	201809
	14.47d
	17.84d
	31.82c
	40.06b
	60.5a
	
	0.44
	0.82
	1.01
	1.28
	2.93

	201906
	15.01c
	18.56b
	18.28b
	18.47b
	23.96a
	
	0.74
	1.36
	0.22
	0.09
	0.47

	201907
	15.47b
	18.36b
	18.75b
	21.72ab
	23.57a
	
	0.40
	0.34
	0.44
	0.31
	3.38

	201909
	15.21b
	18.32b
	18.74b
	21.78ab
	23.99a
	
	0.69
	1.90
	0.80
	1.29
	2.08

	202007
	15.69c
	16.17c
	18.04b
	18.9b
	22.04a
	
	0.65
	0.66
	0.39
	0.45
	0.61

	202010
	13.65c
	14.95c
	18.32b
	17.24b
	19.96a
	
	0.05
	0.14
	0.55
	0.65
	0.88

	202107
	21.94c
	21.68c
	23.25c
	26.58b
	32.65a
	
	0.04
	0.98
	0.80
	1.14
	0.97

	202109
	21.77b
	19.73b
	22.33b
	27.77a
	30.17a
	
	0.20
	0.26
	1.27
	3.89
	1.31

	202206
	19.3b
	17.95b
	19.81ab
	20.45ab
	21.73a
	
	0.39
	0.56
	0.71
	0.85
	1.30

	202210
	15.87c
	15.73c
	17.1bc
	18b
	20.25a
	
	0.10
	0.66
	0.21
	0.47
	0.57

	202307
	14.48c
	17.39b
	18.07b
	19.61b
	22.96a
	
	2.26
	0.24
	0.78
	0.80
	0.40

	202310
	16.88b
	17.06b
	16.86b
	18.02b
	20.06a
	
	0.62
	0.24
	0.87
	0.81
	0.32

	202407
	18.91
	20.84
	19.42
	20.59
	20.73
	
	0.30
	0.82
	0.89
	1.25
	0.30

	202410
	18.23
	18.31
	18.44
	18.28
	20.82
	
	0.63
	1.43
	1.13
	1.06
	0.94

	202507
	17.62
	17.88
	18.2
	18.63
	20.84
	
	0.62
	0.26
	0.38
	0.11
	1.14

	202510
	19.18
	17.93
	20.48
	20.38
	23.22
	
	1.18
	0.80
	0.60
	0.71
	0.98

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	15.96c
	22.96c
	35.17b
	42.12b
	66.93a
	
	0.75
	1.80
	1.00
	4.29
	6.98

	201807
	15.66c
	24bc
	27.94b
	35.6b
	52.7a
	
	2.75
	1.04
	3.67
	5.11
	8.16

	201809
	16.77c
	18.23c
	22.28bc
	28.33b
	49.89a
	
	1.16
	1.47
	1.48
	2.86
	5.22

	201906
	14.66b
	16.5b
	19.69b
	23.81ab
	27.79a
	
	1.26
	1.09
	1.54
	5.57
	3.69

	201907
	14.35c
	14.96c
	17.25b
	17.76b
	25.3a
	
	0.97
	0.62
	0.41
	0.42
	0.28

	201909
	15.21b
	15.8b
	19.7a
	21.82a
	20.21a
	
	1.57
	1.64
	0.29
	1.22
	0.75

	202007
	15.14c
	16.48bc
	16.88b
	17.13b
	19.57a
	
	1.05
	0.49
	0.52
	0.59
	0.36

	202010
	14.68b
	14.58b
	17.44a
	17.25a
	17.96a
	
	0.32
	0.22
	0.30
	0.21
	0.55

	202107
	17.67c
	17.3c
	21.01b
	21.36b
	24.83a
	
	0.59
	1.09
	1.27
	1.02
	1.40

	202109
	14.83c
	16.3bc
	19.1b
	18.47b
	24.33a
	
	1.12
	1.01
	1.50
	0.30
	2.28

	202206
	15.97d
	16.17d
	18.06c
	19.45b
	21.87a
	
	0.51
	0.26
	0.22
	0.41
	1.03

	202210
	12.29d
	14.15c
	15.13bc
	15.91b
	19a
	
	0.48
	0.30
	0.73
	0.74
	0.70

	202307
	13.59b
	14.3b
	15.52ab
	15.53ab
	17.77a
	
	1.25
	0.70
	1.17
	0.30
	2.08

	202310
	13.17b
	13.3b
	15.21a
	14.08ab
	16.6a
	
	1.04
	0.32
	1.23
	0.31
	0.74

	202407
	13.35b
	14.08b
	16.11ab
	15.81ab
	18.21a
	
	1.65
	0.57
	1.46
	0.34
	1.90

	202410
	13.18ab
	12.59b
	14.48ab
	14.75ab
	16.11a
	
	1.27
	0.35
	1.58
	0.46
	1.74

	202507
	13.45b
	14.26b
	14.74ab
	15.29ab
	17.76a
	
	1.32
	0.72
	0.69
	0.48
	0.51

	202510
	13.66
	14.34
	14.92
	15.13
	15.31
	
	0.59
	1.15
	0.85
	0.44
	0.83


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.





Table S4. Soil labile C content across time with biochar application rates, g kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	5.27c
	9.2bc
	13.53b
	27.4a
	31.11a
	
	0.89
	0.37
	0.63
	2.27
	4.04

	201807
	3.44c
	8.51b
	12.5ab
	13.18a
	15.09a
	
	1.85
	0.87
	2.05
	1.43
	2.32

	201809
	6.65c
	10.23c
	18.26b
	20.65b
	34.8a
	
	2.46
	1.58
	2.26
	1.24
	1.13

	201906
	4.63
	4.8
	4.31
	4.96
	4.82
	
	0.46
	0.05
	0.18
	0.26
	0.22

	201907
	4.55a
	3.62b
	3.83ab
	3.41b
	3.77ab
	
	0.49
	0.34
	0.30
	0.23
	0.44

	201909
	4.86ab
	4.06b
	4.54b
	4.57b
	5.66a
	
	0.27
	0.23
	0.44
	0.45
	0.40

	202007
	1.33c
	2.27b
	3.27a
	2.93a
	2.96a
	
	0.08
	0.10
	0.29
	0.05
	0.39

	202010
	2.86b
	2.85b
	3.54a
	3.8a
	3.8a
	
	0.17
	0.52
	0.14
	0.11
	0.05

	202107
	4.47b
	4.66b
	4.64b
	4.7b
	5.51a
	
	0.19
	0.10
	0.32
	0.11
	0.47

	202109
	2.88c
	3.76b
	3.94b
	3.82b
	4.5a
	
	0.15
	0.03
	0.23
	0.08
	0.09

	202206
	2.9b
	3.38a
	2.76b
	3.39a
	3.66a
	
	0.09
	0.22
	0.21
	0.11
	0.13

	202210
	2.74b
	2.46b
	2.76b
	2.88b
	3.41a
	
	0.05
	0.19
	0.10
	0.12
	0.41

	202307
	2.78
	2.5
	2.65
	3.54
	3.08
	
	0.10
	0.04
	0.22
	1.13
	0.10

	202310
	2.66
	2.88
	2.81
	2.82
	3.15
	
	0.09
	0.11
	0.27
	0.32
	0.05

	202407
	3.21
	3.56
	3.16
	3.3
	3.23
	
	0.22
	0.26
	0.21
	0.02
	0.14

	202410
	3.4
	3.48
	3.28
	3.01
	3.65
	
	0.21
	0.22
	0.28
	0.14
	0.24

	202507
	3.16
	2.73
	2.71
	2.65
	3.38
	
	0.33
	0.21
	0.10
	0.15
	0.47

	202510
	3.4
	3.51
	3.53
	3.45
	4.02
	
	0.26
	0.14
	0.16
	0.19
	0.34

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	1.41c
	7.17c
	11.92b
	16.03b
	25.83a
	
	0.50
	0.55
	1.83
	1.88
	1.86

	201807
	2.81c
	5.82bc
	10.27b
	12.94b
	25.87a
	
	0.51
	0.57
	1.26
	1.56
	1.40

	201809
	1.85c
	2.87c
	3.6c
	10.54b
	29.41a
	
	0.92
	0.26
	0.93
	2.48
	0.10

	201906
	4.02d
	4.04d
	4.97c
	6.04b
	7.22a
	
	0.22
	0.10
	0.19
	0.29
	0.31

	201907
	2.65c
	2.18d
	3.21b
	3.33ab
	3.53a
	
	0.17
	0.08
	0.18
	0.10
	0.02

	201909
	1.7c
	2.72b
	2.71b
	3.04b
	6.48a
	
	0.23
	0.52
	0.45
	0.14
	0.35

	202007
	0.94c
	0.93c
	2.18b
	2.1b
	2.84a
	
	0.05
	0.21
	0.17
	0.10
	0.22

	202010
	2.08b
	2.1b
	2.68ab
	3.02a
	3.15a
	
	0.38
	0.24
	0.26
	0.04
	0.12

	202107
	1.48c
	2.26c
	2.97bc
	3.55b
	5.29a
	
	0.32
	0.20
	0.39
	0.37
	0.71

	202109
	2.84c
	3.47bc
	3.48bc
	3.63b
	4.61a
	
	0.19
	0.16
	0.14
	0.22
	0.52

	202206
	2.11c
	2.45bc
	2.72bc
	2.85b
	3.39a
	
	0.21
	0.15
	0.21
	0.12
	0.50

	202210
	2.35b
	2.78ab
	2.6b
	2.83ab
	3.14a
	
	0.32
	0.30
	0.03
	0.26
	0.26

	202307
	2.94
	2.9
	2.74
	2.6
	2.49
	
	0.41
	0.06
	0.24
	0.07
	0.15

	202310
	2.09b
	2.38b
	2.82b
	2.51b
	4.33a
	
	0.15
	0.23
	0.41
	0.28
	0.67

	202407
	2.61b
	1.9b
	2.63b
	2.9ab
	3.57a
	
	0.52
	0.20
	0.34
	0.32
	0.19

	202410
	1.62
	1.53
	1.93
	1.89
	1.96
	
	0.29
	0.08
	0.06
	0.06
	0.19

	202507
	1.85
	2.01
	1.99
	2.09
	2.44
	
	0.15
	0.11
	0.13
	0.03
	0.30

	202510
	2.8
	2.71
	2.73
	3.12
	3.39
	
	0.04
	0.11
	0.20
	0.12
	0.23


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.






Table S5. Soil ammonium N content across time with application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	5.06
	4.84
	4.82
	4.52
	4.11
	
	0.63
	0.14
	0.43
	1.23
	0.53

	201807
	2.66a
	1.47b
	1.45b
	1.42b
	1.19b
	
	0.24
	0.11
	0.27
	0.36
	0.24

	201809
	66.19a
	45.66b
	38.5c
	22d
	19.44d
	
	3.82
	1.48
	1.25
	1.03
	0.36

	201906
	30.53a
	24.82b
	17.64c
	9.83d
	3.49e
	
	0.48
	0.88
	1.01
	1.14
	0.37

	201907
	23.51a
	20.21ab
	16.6b
	11.52c
	6.15d
	
	2.58
	0.88
	1.91
	1.40
	0.25

	201909
	2.27
	1.35
	1.02
	0.98
	0.71
	
	0.22
	0.11
	0.11
	0.12
	0.18

	202007
	15.16
	14.83
	15.3
	15.85
	15.47
	
	2.08
	1.77
	2.54
	1.20
	1.19

	202010
	9.97a
	9.53ab
	9ab
	7.04b
	7.08b
	
	1.65
	1.15
	1.26
	0.19
	0.11

	202107
	7.61
	4.32
	5.16
	5.66
	9.92
	
	1.37
	0.44
	0.86
	0.99
	2.56

	202109
	3.24
	4.73
	5.73
	5.19
	9.78
	
	1.02
	1.15
	1.45
	1.13
	1.90

	202206
	4.8
	4.01
	5.15
	4.72
	3.04
	
	1.78
	0.19
	0.87
	1.30
	0.33

	202210
	2.32
	1.6
	2.69
	1.43
	5.63
	
	0.33
	0.43
	0.06
	0.37
	1.17

	202307
	10.67e
	14.2d
	23.68c
	41.56b
	47.24a
	
	2.41
	1.29
	2.01
	2.93
	3.35

	202310
	1.48
	1.7
	2.02
	1.96
	1.62
	
	0.06
	0.19
	0.29
	0.44
	0.19

	202407
	4.74
	5.33
	6.97
	12.23
	11.62
	
	1.62
	1.06
	0.61
	1.57
	0.97

	202410
	5.07
	3.17
	2.76
	1.62
	1.25
	
	2.38
	1.96
	1.78
	0.43
	0.53

	202507
	13.01
	11.45
	10.03
	15.7
	10.65
	
	1.72
	1.91
	0.38
	3.33
	2.29

	202510
	5.44
	10.48
	3.12
	10.13
	1.62
	
	0.43
	0.85
	0.13
	1.19
	0.04

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	3.71
	3.49
	3.74
	3.84
	3.98
	
	0.08
	0.07
	0.16
	0.28
	0.39

	201807
	2.14a
	1.5a
	1.43ab
	0.5b
	0.55b
	
	0.16
	0.10
	0.77
	0.15
	0.15

	201809
	20.33a
	16.13b
	10.8c
	8.65c
	5.49d
	
	1.39
	0.59
	1.48
	0.37
	0.37

	201906
	7.24a
	5.42b
	5.51b
	5.54b
	4.56b
	
	0.99
	0.32
	0.07
	0.49
	0.19

	201907
	5.95
	5.17
	5.76
	5.39
	5.99
	
	0.43
	0.55
	0.69
	0.93
	0.14

	201909
	11.59a
	11.38a
	11.66a
	10a
	7.33b
	
	1.12
	1.64
	0.99
	0.38
	0.97

	202007
	4.66
	5.74
	5.49
	5.35
	5.79
	
	0.90
	0.98
	1.99
	0.62
	0.22

	202010
	3.24
	3.34
	2.94
	3.08
	4.12
	
	0.26
	0.35
	0.52
	0.35
	0.96

	202107
	16.33b
	17.47b
	21.09ab
	22.02a
	24.45a
	
	1.74
	1.47
	1.99
	0.83
	1.17

	202109
	5.06b
	3.81b
	2.8b
	5.16b
	9.58a
	
	1.80
	1.49
	0.76
	2.40
	1.57

	202206
	2.66
	2.44
	2.46
	2.4
	2.62
	
	0.19
	0.04
	0.42
	0.33
	0.12

	202210
	5.18
	5.15
	5.4
	5.1
	3.64
	
	1.20
	0.33
	0.93
	0.25
	1.69

	202307
	14.3b
	14.51b
	10.79b
	21.36a
	20.55a
	
	2.59
	0.77
	2.33
	1.42
	1.73

	202310
	10.26
	6.88
	7.57
	7.33
	7.7
	
	1.14
	0.71
	1.89
	3.12
	1.25

	202407
	9.05a
	5.29b
	8.84a
	6.32ab
	5.77ab
	
	2.03
	0.47
	1.72
	1.57
	0.46

	202410
	6.23ab
	6.89ab
	7.63a
	3.84b
	2.91b
	
	2.11
	0.30
	1.44
	1.49
	0.85

	202507
	10.23
	9.59
	5.12
	4.71
	8.42
	
	1.15
	0.54
	1.50
	2.36
	1.34

	202510
	5.4a
	5.51a
	3.31ab
	3.48ab
	1.98b
	
	2.50
	1.85
	1.20
	1.88
	0.62


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.







Table S6. Soil nitrate N content across time with application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	31.68b
	32.03b
	35.73ab
	43.03a
	45.04a
	
	1.54
	6.14
	5.76
	2.54
	0.74

	201807
	39.35c
	45.8bc
	46.23b
	48.54b
	59.13a
	
	1.63
	2.76
	4.31
	1.33
	5.70

	201809
	17.74c
	18.54c
	26.66b
	26.3b
	48.93a
	
	0.96
	0.80
	1.82
	0.90
	5.13

	201906
	78.66d
	87.87cd
	95.71c
	119.02b
	147.25a
	
	5.31
	4.76
	4.17
	4.23
	1.48

	201907
	33.64d
	45.06c
	49.02c
	78.74b
	89.54a
	
	1.69
	0.83
	1.03
	5.49
	2.39

	201909
	13.66c
	16.6bc
	17.28b
	18.65b
	30.44a
	
	0.98
	1.28
	1.16
	1.15
	1.58

	202007
	36.7
	36.98
	35.24
	41.56
	47.25
	
	3.92
	3.65
	1.71
	2.57
	3.65

	202010
	5.69
	6.7
	7.39
	7.9
	9.24
	
	0.26
	0.23
	0.08
	0.12
	0.42

	202107
	40.76e
	45.42d
	52.33c
	60.43b
	67.87a
	
	2.80
	0.52
	3.55
	2.03
	3.45

	202109
	10.72
	12.83
	13.29
	8.81
	15.94
	
	1.72
	5.04
	2.54
	1.64
	2.11

	202206
	12.31
	6.94
	9.88
	17.27
	11.41
	
	2.09
	0.10
	1.98
	4.71
	1.22

	202210
	5.89
	6.72
	8.88
	9.79
	6.23
	
	0.56
	0.97
	0.88
	3.94
	1.27

	202307
	32.29b
	21.47b
	80.82a
	72.39a
	77.97a
	
	2.88
	0.54
	0.48
	7.50
	5.55

	202310
	9.12
	9.83
	8.47
	12.45
	13.47
	
	1.37
	1.13
	0.96
	1.34
	1.59

	202407
	54.91b
	71.56ab
	61.06b
	48.84b
	77.68a
	
	4.96
	7.12
	2.29
	2.37
	7.78

	202410
	33.88
	41.69
	40.39
	36.31
	40.71
	
	1.74
	0.74
	1.54
	2.36
	1.33

	202507
	48.81
	34.71
	32.11
	45.47
	43.69
	
	6.96
	1.31
	5.49
	4.16
	5.17

	202510
	47.23
	46.38
	43.83
	31.08
	29.02
	
	5.97
	8.68
	6.31
	8.84
	5.70

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	23.91
	24.61
	25.41
	26.34
	28.91
	
	1.76
	2.41
	2.96
	3.10
	3.55

	201807
	70.72d
	78.5c
	83.31bc
	90.12b
	100.81a
	
	2.70
	1.79
	0.44
	1.50
	6.88

	201809
	52.1c
	53.95c
	53.27c
	92.53b
	130.22a
	
	5.68
	2.25
	1.34
	5.21
	0.49

	201906
	57.59d
	87.62c
	99.84b
	98.53b
	125.44a
	
	1.75
	4.10
	2.98
	0.91
	1.50

	201907
	7.56
	7.57
	11.3
	12.19
	15.86
	
	0.44
	0.42
	0.59
	0.57
	0.97

	201909
	47.58c
	57.7c
	83.97b
	86.98b
	115.73a
	
	0.65
	1.15
	2.52
	1.24
	6.78

	202007
	51.82c
	52.29c
	53.52bc
	62.86b
	92.02a
	
	4.71
	4.88
	5.63
	5.00
	2.21

	202010
	53.6b
	66.89a
	69.73a
	74.19a
	77.02a
	
	5.83
	2.82
	3.11
	1.87
	4.52

	202107
	60.41b
	55.19b
	87.71a
	94.24a
	91.07a
	
	1.49
	3.03
	3.50
	4.42
	6.71

	202109
	38.7b
	35.7b
	49.3a
	37b
	31.3b
	
	2.57
	1.89
	12.32
	2.93
	0.77

	202206
	52.53b
	53.82b
	75.35a
	56.33b
	77.85a
	
	4.38
	4.50
	1.74
	3.27
	4.51

	202210
	32.92d
	56.41c
	40.81d
	69.41b
	86.73a
	
	4.78
	6.16
	5.53
	5.70
	4.97

	202307
	67.58a
	67.18ab
	62.07ab
	55.11b
	55.89b
	
	5.35
	1.88
	3.45
	3.42
	1.38

	202310
	73.15a
	66.51ab
	61.57b
	54.03b
	55.8b
	
	2.15
	1.20
	4.41
	6.09
	0.53

	202407
	85.69b
	86.17b
	111.56a
	90.01b
	82.94b
	
	7.84
	5.00
	6.09
	4.16
	5.25

	202410
	108.6ab
	110.23a
	113.04a
	104.65ab
	98.99b
	
	8.58
	13.33
	0.94
	8.94
	4.23

	202507
	127.88a
	121.68a
	76.88b
	67.06b
	121.25a
	
	1.10
	0.59
	4.18
	7.60
	1.67

	202510
	91.9
	108.96
	91.78
	76.11
	88.9
	
	4.55
	8.56
	5.20
	1.59
	6.20


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.




Table S7. Soil Olsen P content across time with biochar application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	22.7c
	26.38bc
	33.7b
	51.27a
	58.93a
	
	2.01
	2.66
	1.93
	6.37
	4.68

	201807
	30.67c
	31.39c
	41.15b
	45.74b
	63.67a
	
	3.98
	3.59
	5.37
	4.14
	0.22

	201809
	22.21e
	28.43d
	32.72c
	38.1b
	62.66a
	
	1.29
	0.79
	1.14
	2.14
	4.42

	201906
	19.28e
	23.33c
	27.42b
	30.2a
	31.3a
	
	1.67
	0.41
	0.73
	0.50
	0.09

	201907
	26.31b
	26.32b
	34.87a
	36.51a
	38.31a
	
	3.66
	1.58
	3.52
	2.68
	0.82

	201909
	24.97b
	26.06b
	28.04b
	28.42b
	34.77a
	
	1.63
	3.37
	2.25
	1.06
	1.80

	202007
	33.26ab
	34.8a
	27.54c
	23.48c
	28.75b
	
	3.79
	3.52
	2.72
	0.30
	1.15

	202010
	26.04b
	29.72b
	29.22b
	27.75b
	50.52a
	
	1.80
	0.68
	1.86
	2.62
	5.22

	202107
	50.28b
	51.7b
	58.13b
	66.39ab
	71.14a
	
	2.51
	3.96
	2.47
	6.51
	4.27

	202109
	52.54b
	54.77b
	59.39b
	57.32b
	69.23a
	
	1.73
	2.78
	3.83
	3.75
	4.22

	202206
	47.67c
	51.69bc
	61.35b
	64.6ab
	72.66a
	
	4.37
	2.45
	5.88
	2.89
	5.00

	202210
	50.56b
	54.73b
	51.75b
	54.19b
	72.15a
	
	3.57
	6.33
	0.59
	2.89
	4.99

	202307
	51.68
	58.3
	47.75
	49.37
	61.56
	
	2.18
	6.03
	3.95
	8.23
	9.71

	202310
	41.35bc
	40.81c
	41.64bc
	49.02b
	63a
	
	3.68
	2.35
	1.29
	5.87
	3.27

	202407
	71.51
	59.45
	67.57
	52.07
	66.34
	
	5.92
	11.55
	12.49
	9.12
	11.99

	202410
	49.83ab
	37.07b
	57.02a
	45.23ab
	55.56a
	
	2.37
	1.98
	6.14
	6.45
	8.77

	202507
	52.23
	59.08
	59.42
	49.42
	53.91
	
	1.22
	2.16
	6.68
	3.72
	6.28

	202510
	57.17
	56.61
	63.58
	63.35
	60.54
	
	6.06
	1.03
	6.36
	4.22
	5.85

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	30.17d
	32.35cd
	36.17c
	43.52b
	72.52a
	
	1.03
	1.09
	3.63
	2.17
	3.14

	201807
	32.65c
	32.89c
	35.69c
	43.97b
	60.16a
	
	1.01
	1.49
	1.82
	3.72
	1.48

	201809
	27.52c
	26.77c
	30.53bc
	32.4b
	65.4a
	
	1.75
	0.77
	1.94
	1.92
	4.89

	201906
	22.17b
	24.71ab
	22.91b
	22.8b
	27.62a
	
	1.09
	0.91
	0.78
	1.20
	2.19

	201907
	19.41b
	21.94ab
	23.74ab
	25.55a
	25.18a
	
	1.79
	1.23
	2.46
	0.30
	1.43

	201909
	18.25c
	22.41bc
	22.68bc
	24.08b
	30.76a
	
	1.09
	1.44
	1.20
	1.44
	1.65

	202007
	20.96
	19.68
	22.14
	21.42
	23.83
	
	0.63
	0.64
	0.83
	1.10
	0.54

	202010
	28.04b
	29.62b
	32.5b
	28.8b
	40.27a
	
	0.23
	1.63
	2.16
	1.05
	3.16

	202107
	35.32c
	34.52c
	42.44b
	44.11b
	50.58a
	
	0.45
	1.57
	2.04
	0.46
	0.71

	202109
	34.73bc
	33.92c
	36.3bc
	38.87b
	45.54a
	
	0.95
	0.64
	0.54
	3.04
	2.58

	202206
	26.66b
	26.34b
	30.22ab
	30.09ab
	32.49a
	
	1.27
	1.23
	0.68
	1.05
	1.77

	202210
	34.14
	34.6
	32.33
	33.74
	34.53
	
	1.00
	2.69
	0.89
	1.09
	2.26

	202307
	33.9
	33.27
	31.06
	32.33
	31.65
	
	0.64
	0.60
	1.50
	3.97
	0.24

	202310
	30.61
	30
	31.18
	26.85
	30.55
	
	1.23
	1.46
	2.52
	0.56
	0.92

	202407
	25.97c
	37.37a
	27.64c
	37.61a
	32.62b
	
	1.56
	2.80
	2.18
	5.94
	2.70

	202410
	18.96c
	19.79c
	24.66b
	27.15ab
	31.06a
	
	1.94
	0.60
	5.43
	1.71
	3.37

	202507
	28.03
	29.82
	27.22
	25.51
	27.85
	
	1.09
	2.90
	1.74
	3.98
	0.91

	202510
	32.52
	31.35
	31.98
	29.82
	31.98
	
	2.83
	0.48
	0.55
	1.15
	1.41


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.




Table S8. Soil available K content across time with biochar application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	192.34d
	241.44d
	339.64c
	483.17b
	621.32a
	
	21.87
	18.71
	31.65
	22.95
	43.26

	201807
	177.83c
	196.31c
	353.49b
	368.36b
	498.66a
	
	8.98
	22.84
	39.25
	57.75
	39.00

	201809
	152.61e
	183.63d
	238.83c
	315.68b
	467.91a
	
	14.12
	13.17
	35.16
	9.90
	57.90

	201906
	336.5c
	336.67c
	367.95bc
	398.26b
	473.9a
	
	11.15
	4.24
	18.99
	39.15
	10.98

	201907
	237.97c
	300.61b
	359.95a
	397.11a
	397.01a
	
	12.70
	18.23
	15.30
	25.11
	10.44

	201909
	290.06c
	303.73c
	316.81b
	313.25bc
	441.64a
	
	20.42
	4.79
	25.95
	8.76
	10.53

	202007
	304.92
	305.91
	308.04
	326.62
	340.26
	
	21.05
	8.87
	19.31
	4.00
	19.45

	202010
	216.15c
	229.1bc
	238.7bc
	258.13b
	296.43a
	
	10.87
	13.77
	25.22
	7.65
	6.32

	202107
	315.5c
	334.83bc
	390.17b
	463.5a
	465.83a
	
	24.59
	38.82
	20.76
	13.67
	31.11

	202109
	326.86b
	323.2b
	324.53b
	376.18b
	450.58a
	
	2.92
	34.00
	37.60
	31.80
	27.79

	202206
	383.86b
	383.89b
	435.37ab
	483.6ab
	546.73a
	
	34.09
	42.15
	24.48
	44.10
	74.59

	202210
	295.39b
	302.62b
	326.17ab
	321.55ab
	372.65a
	
	5.31
	30.60
	23.71
	27.42
	24.67

	202307
	360.44
	354.56
	355.37
	369.23
	404.37
	
	37.53
	31.97
	29.96
	23.39
	19.01

	202310
	326.32b
	310.23b
	335.02b
	370.82ab
	413.06a
	
	8.01
	8.31
	29.03
	2.37
	25.96

	202407
	350.12
	398.75
	412.14
	396.05
	394.35
	
	6.99
	27.57
	46.20
	41.06
	31.66

	202410
	312.78ab
	262.55b
	334.95ab
	360.26a
	350.34ab
	
	27.09
	37.20
	35.81
	38.48
	42.18

	202507
	339.87
	343.31
	348.47
	374.27
	363.95
	
	14.10
	21.99
	13.45
	16.43
	12.42

	202510
	396.63
	362.23
	444.79
	458.55
	413.83
	
	10.47
	10.75
	21.51
	28.66
	18.14

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	97.52d
	125.81d
	257.33c
	396.12b
	745.07a
	
	6.27
	7.44
	4.41
	24.81
	19.64

	201807
	74.21d
	117.61d
	247.83c
	409.78b
	754.62a
	
	1.17
	4.10
	17.35
	29.09
	45.54

	201809
	81.04d
	96.86d
	193.57c
	377.3b
	694.88a
	
	3.84
	11.03
	32.56
	61.92
	36.49

	201906
	119.74d
	145.2d
	238.95c
	319.03b
	374.86a
	
	2.58
	4.99
	6.57
	14.83
	26.92

	201907
	115.98d
	150.45d
	200.82c
	243.87b
	282.76a
	
	6.18
	6.49
	19.59
	16.80
	17.82

	201909
	95.36d
	141.57c
	220.41b
	239.92b
	494.5a
	
	6.04
	17.70
	11.31
	28.13
	19.61

	202007
	193.4c
	208.05c
	243.77b
	263.51b
	355.72a
	
	5.28
	11.47
	21.09
	17.57
	5.93

	202010
	113.01c
	157.12c
	230.66b
	244.16b
	371.54a
	
	11.42
	17.50
	14.80
	22.11
	27.72

	202107
	182.67d
	176.33d
	236.5c
	286.67b
	370.17a
	
	15.14
	8.83
	26.30
	12.19
	28.58

	202109
	184.9d
	196.78d
	263.45c
	334.44b
	433.89a
	
	7.89
	17.57
	20.38
	19.58
	36.63

	202206
	209.46c
	220.86c
	257.58bc
	345.34b
	524.54a
	
	17.46
	23.73
	10.97
	75.38
	52.39

	202210
	142.24b
	163.91b
	179.8b
	197.73ab
	247.2a
	
	15.15
	17.08
	20.70
	19.12
	33.19

	202307
	176.08b
	181.83b
	189.6b
	190.37b
	246.8a
	
	18.76
	13.61
	13.23
	8.39
	19.79

	202310
	108.71d
	136.25c
	187.92b
	167.01b
	243.45a
	
	5.71
	4.74
	16.33
	13.67
	7.74

	202407
	207.49b
	213.89b
	230.02b
	265.8ab
	322.58a
	
	22.31
	17.06
	24.40
	11.65
	36.54

	202410
	159.38c
	163.28c
	235.07b
	217.17b
	275.44a
	
	22.64
	3.30
	20.60
	12.07
	6.17

	202507
	183.35
	198.83
	202.27
	198.83
	257.31
	
	16.43
	13.78
	2.98
	9.59
	17.22

	202510
	202.27
	233.23
	219.47
	262.47
	291.71
	
	26.51
	22.52
	12.42
	17.98
	38.00


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.











Table S9. Soil exchangeable Ca content across time with biochar application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	9.78c
	9.85c
	11.84b
	12.63b
	14.68a
	
	0.41
	0.24
	1.23
	0.58
	0.36

	201807
	11.01b
	11.32b
	12.21b
	12.16b
	14.58a
	
	1.39
	0.61
	1.18
	0.42
	0.26

	201809
	9.33c
	9.57c
	9.66c
	10.56b
	13.58a
	
	0.63
	0.47
	0.99
	0.40
	1.74

	201906
	8.66b
	9.13b
	9.24b
	10.5ab
	12.25a
	
	0.70
	1.14
	0.76
	1.01
	1.43

	201907
	11.73
	11.53
	11.67
	14.04
	14.19
	
	1.89
	1.60
	1.52
	2.14
	0.76

	201909
	9.53b
	10.25ab
	10.26ab
	10.53ab
	12.43a
	
	0.53
	0.74
	1.00
	0.88
	1.55

	202007
	10.91
	11.08
	12.38
	13.54
	13.82
	
	1.52
	1.27
	0.84
	1.13
	1.23

	202010
	11.75
	11.74
	12.47
	12.86
	13.55
	
	0.25
	0.36
	1.55
	0.54
	0.70

	202107
	11.32b
	11.72b
	11.32b
	13.07b
	15.92a
	
	1.03
	0.33
	0.97
	1.69
	0.55

	202109
	12.42b
	14.73ab
	14.58b
	14.23b
	17.16a
	
	0.64
	1.18
	1.07
	0.25
	1.48

	202206
	8.07
	8.16
	8.3
	8.01
	9.33
	
	1.12
	0.24
	1.22
	0.91
	1.28

	202210
	7.84a
	6.64b
	6.38b
	5.91b
	8.65a
	
	0.26
	0.13
	0.68
	0.46
	0.43

	202307
	9.69b
	9.09b
	9.98b
	9.62b
	12.75a
	
	1.07
	0.27
	0.57
	0.88
	0.74

	202310
	8.53b
	8.65b
	7.9b
	8.35b
	10.53a
	
	0.62
	0.45
	0.55
	0.47
	0.35

	202407
	12.32
	11.99
	11.99
	10.84
	11.08
	
	0.48
	0.42
	0.68
	0.78
	0.69

	202410
	10.39
	10.59
	10.58
	9.93
	11.89
	
	1.07
	0.16
	1.07
	0.91
	1.19

	202507
	14.83
	13.19
	14.77
	13.68
	14.57
	
	1.44
	0.58
	1.69
	0.80
	1.00

	202510
	14.43
	13.52
	13.2
	13.36
	15.63
	
	1.18
	0.64
	1.04
	0.67
	2.16

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	6.54d
	6.54d
	8.25c
	9.76b
	12.28a
	
	0.40
	0.61
	0.52
	0.19
	0.61

	201807
	7.84b
	8.73a
	8.99a
	9.13a
	9.22a
	
	0.28
	0.52
	0.25
	0.27
	0.27

	201809
	7.76c
	8.22c
	9.97b
	10.81b
	13.34a
	
	0.43
	0.18
	0.58
	1.01
	0.16

	201906
	11.59b
	12.79b
	14.01ab
	15.02ab
	15.45a
	
	0.63
	0.41
	0.90
	1.97
	0.17

	201907
	10.61b
	10.32b
	11.36ab
	11.59ab
	12.3a
	
	0.17
	0.29
	0.27
	1.09
	0.09

	201909
	10.35b
	10.53b
	11.35b
	14.59a
	15.49a
	
	0.12
	0.91
	1.56
	0.78
	1.33

	202007
	9.58b
	11.09b
	10.95b
	12.85ab
	13.83a
	
	0.79
	0.99
	0.49
	1.35
	0.46

	202010
	12.52b
	12.77ab
	13.34ab
	14.04ab
	14.84a
	
	1.24
	1.14
	0.27
	0.75
	0.61

	202107
	12.53b
	13.5b
	14.23ab
	16.62a
	15.94ab
	
	0.22
	0.70
	0.45
	1.70
	1.31

	202109
	13.92
	15.74
	15.99
	15.42
	14.93
	
	0.22
	0.33
	0.87
	1.72
	1.73

	202206
	8.36b
	8.56ab
	9.63a
	9.58ab
	9.78a
	
	0.33
	0.57
	0.67
	0.51
	0.32

	202210
	7.32b
	8.09ab
	8.39a
	8.54a
	8.56a
	
	0.21
	0.47
	0.10
	0.67
	0.33

	202307
	9.4b
	10.39ab
	10.46ab
	10.51ab
	10.79a
	
	0.20
	0.47
	0.35
	0.77
	0.18

	202310
	8.99b
	10.36ab
	10.92a
	11.18a
	11.54a
	
	0.20
	0.88
	0.74
	1.03
	0.17

	202407
	10.45
	10.53
	10.06
	11.2
	10.4
	
	0.89
	1.01
	0.30
	0.88
	0.44

	202410
	10.69c
	11.45bc
	14.95a
	12.91b
	10.91bc
	
	1.09
	0.73
	0.20
	1.02
	0.74

	202507
	12.58
	14.6
	13.72
	13.17
	12.74
	
	0.44
	2.28
	0.76
	3.11
	0.27

	202510
	13.45
	13.4
	13.52
	13.33
	15.02
	
	0.41
	1.04
	0.21
	0.41
	0.71


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.



Table S10. Soil exchangeable Mg content across time with biochar application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	1.97c
	2.24c
	2.66b
	2.83b
	3.39a
	
	0.16
	0.20
	0.24
	0.06
	0.10

	201807
	2.36b
	2.68b
	2.95ab
	3.1ab
	3.49a
	
	0.35
	0.32
	0.35
	0.25
	0.25

	201809
	2.19b
	2.39b
	2.82ab
	2.83ab
	3.45a
	
	0.35
	0.09
	0.26
	0.09
	0.44

	201906
	2.25
	2.47
	2.54
	2.68
	2.6
	
	0.19
	0.34
	0.22
	0.21
	0.23

	201907
	1.73c
	1.79c
	1.87c
	2.3b
	3.26a
	
	0.03
	0.00
	0.06
	0.08
	0.26

	201909
	2.4e
	2.64d
	3.04c
	3.39b
	3.55a
	
	0.03
	0.09
	0.04
	0.02
	0.06

	202007
	1.55e
	1.7d
	1.79c
	1.94b
	2.42a
	
	0.04
	0.02
	0.02
	0.03
	0.05

	202010
	2.49
	2.51
	2.88
	2.72
	2.81
	
	0.09
	0.14
	0.40
	0.30
	0.23

	202107
	2.86ab
	2.84ab
	2.73b
	3.05ab
	3.37a
	
	0.26
	0.13
	0.02
	0.34
	0.28

	202109
	3.18b
	3.31b
	3.16b
	3.32b
	4.24a
	
	0.18
	0.12
	0.13
	0.42
	0.09

	202206
	2.58
	2.32
	2.45
	2.45
	2.92
	
	0.45
	0.12
	0.39
	0.35
	0.13

	202210
	2.08
	1.84
	1.78
	1.71
	2.35
	
	0.06
	0.07
	0.34
	0.15
	0.55

	202307
	2.76
	2.55
	2.67
	2.46
	3.33
	
	0.43
	0.13
	0.40
	0.16
	0.71

	202310
	2.12
	2.02
	2.24
	1.88
	2.4
	
	0.13
	0.16
	0.49
	0.09
	0.59

	202407
	3.22ab
	3.35a
	3.06ab
	2.6b
	3.25ab
	
	0.47
	0.34
	0.13
	0.15
	0.16

	202410
	2.41
	2.3
	2.86
	2.25
	3.03
	
	0.28
	0.23
	0.34
	0.30
	0.61

	202507
	3.5
	2.96
	3.63
	3.34
	3.52
	
	0.50
	0.08
	0.69
	0.14
	0.28

	202510
	3.52
	2.86
	3.23
	2.86
	3.44
	
	0.41
	0.19
	0.27
	0.11
	0.47

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	2.72c
	3.07c
	3.95b
	4.85a
	5.4a
	
	0.10
	0.40
	0.28
	0.10
	0.34

	201807
	3.63
	4
	4.05
	3.81
	4.04
	
	0.07
	0.22
	0.42
	0.09
	0.30

	201809
	3.57d
	3.79cd
	4.27c
	5.41b
	6.6a
	
	0.28
	0.05
	0.23
	0.02
	0.33

	201906
	3.09c
	2.94c
	3.03c
	3.52b
	3.89a
	
	0.05
	0.14
	0.13
	0.15
	0.15

	201907
	2.83b
	2.93b
	3.2a
	3.13a
	3.17a
	
	0.08
	0.09
	0.02
	0.04
	0.09

	201909
	3.21b
	3.26b
	3.44b
	4a
	4.01a
	
	0.03
	0.13
	0.24
	0.09
	0.35

	202007
	3.14c
	3.44bc
	3.63b
	3.95ab
	4.05a
	
	0.04
	0.04
	0.20
	0.14
	0.17

	202010
	3.29c
	3.49bc
	3.73b
	3.74b
	4.05a
	
	0.11
	0.08
	0.13
	0.13
	0.15

	202107
	3.74b
	3.88b
	4.03ab
	4.06ab
	4.3a
	
	0.05
	0.15
	0.11
	0.10
	0.18

	202109
	4.59ab
	4.48ab
	4.79a
	3.93b
	4.27b
	
	0.09
	0.29
	0.09
	0.16
	0.27

	202206
	3.07c
	3.62b
	3.78ab
	3.66b
	3.94a
	
	0.17
	0.03
	0.05
	0.03
	0.05

	202210
	3.27
	3.16
	3.29
	3.29
	3.39
	
	0.04
	0.11
	0.09
	0.10
	0.18

	202307
	3.33b
	3.45b
	3.58b
	3.44b
	3.93a
	
	0.12
	0.04
	0.15
	0.15
	0.05

	202310
	3.28b
	3.3b
	3.79a
	3.81a
	4.01a
	
	0.17
	0.08
	0.03
	0.17
	0.11

	202407
	3.57
	3.51
	3.82
	3.7
	3.66
	
	0.26
	0.10
	0.04
	0.11
	0.35

	202410
	3.91b
	3.89b
	4.85a
	4.35ab
	3.96b
	
	0.33
	0.05
	0.24
	0.19
	0.33

	202507
	4.5
	4.5
	4.73
	4.71
	4.88
	
	0.01
	0.11
	0.10
	0.01
	0.14

	202510
	3.89
	3.68
	3.75
	3.83
	4.05
	
	0.13
	0.09
	0.13
	0.02
	0.12


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.





Table S1. Soil Water Soluble Cl content across time with three biochar application rates, mg kg-1
	Sampling Time
	
	Biochar
	Rate
	
	
	
	SE
	
	
	
	

	YYYYMM
	0
	5
	15
	20
	40
	
	0
	5
	15
	20
	40

	
	
	
	Hapludult
	
	
	
	
	
	
	
	

	201806
	82.52d
	116.35d
	174.39c
	314.33b
	574.04a
	
	5.33
	4.44
	11.14
	10.04
	41.69

	201807
	104.73c
	121.44bc
	133.36bc
	139.59b
	296.2a
	
	13.82
	4.28
	15.38
	4.43
	22.80

	201809
	33.25c
	75.33b
	83.73b
	86.11b
	174.37a
	
	1.55
	6.85
	1.15
	4.40
	6.31

	201906
	58.17c
	61.83c
	76.19c
	82.61b
	90.29a
	
	0.37
	1.66
	3.10
	1.50
	0.97

	201907
	28.9c
	33.96c
	35.46c
	43.02b
	61.08a
	
	4.28
	2.32
	3.04
	4.70
	3.36

	201909
	17.51c
	21.59bc
	24.82b
	35.38a
	38.94a
	
	1.52
	2.07
	2.21
	4.80
	1.31

	202007
	36.51c
	42.91c
	49.2c
	57.21b
	81.38a
	
	1.78
	0.93
	1.75
	1.94
	5.12

	202010
	29.16b
	32.49b
	32.64b
	35.72ab
	40.99a
	
	2.57
	1.96
	3.37
	1.28
	6.57

	202107
	80.84b
	100.23ab
	103.79ab
	105.36ab
	122.62a
	
	12.87
	15.67
	14.87
	9.72
	5.53

	202109
	58.6
	59.05
	50.65
	67.64
	80.54
	
	17.32
	14.69
	13.15
	17.51
	12.19

	202206
	13.7
	15.19
	22.03
	18.83
	20.25
	
	0.94
	1.35
	1.43
	4.44
	3.30

	202210
	10.91
	11.76
	13.72
	19.04
	29.15
	
	2.02
	3.34
	0.96
	2.16
	5.81

	202307
	55.57
	62.35
	44.5
	65.98
	54.46
	
	8.04
	2.26
	2.81
	4.42
	2.44

	202310
	27.09
	22.46
	35.18
	33.37
	28.7
	
	1.92
	1.29
	4.43
	6.99
	1.79

	202407
	69.09
	70.8
	51.94
	42.24
	47.67
	
	29.19
	25.46
	31.66
	8.57
	9.33

	202410
	29.26
	27.51
	34.24
	34.39
	36.01
	
	3.65
	1.00
	6.49
	3.42
	4.72

	202507
	46.65
	34.91
	35.2
	41.26
	30.17
	
	2.97
	1.10
	0.32
	2.08
	1.73

	202510
	45.4
	41.75
	52.07
	47.17
	43.54
	
	3.09
	2.46
	1.93
	3.66
	0.96

	
	
	
	Dystrudept
	
	
	
	
	
	
	
	

	201806
	63.63d
	90.69d
	174.08c
	266.08b
	571.58a
	
	12.80
	7.17
	4.62
	16.30
	10.95

	201807
	78.92e
	145.26d
	255.16c
	360.43b
	706.16a
	
	7.07
	3.55
	21.60
	12.88
	29.19

	201809
	87.36e
	129.17d
	243.76c
	456.08b
	825.2a
	
	4.71
	8.91
	20.48
	17.62
	23.96

	201906
	25.89d
	38.28d
	77.24c
	121.98b
	206.84a
	
	0.87
	0.82
	10.07
	3.42
	6.73

	201907
	34.11e
	47.83d
	58.79c
	68.93b
	79.6a
	
	4.61
	3.49
	0.05
	4.76
	4.52

	201909
	59.48d
	70.16d
	167.54c
	210.88b
	328.05a
	
	5.13
	3.02
	3.69
	3.22
	7.20

	202007
	91.13c
	126.14c
	158.48bc
	192.24b
	252.2a
	
	8.91
	9.65
	3.64
	6.95
	30.52

	202010
	70.67c
	109.32b
	101.02b
	125.87ab
	128.14a
	
	9.99
	9.71
	3.04
	5.22
	5.13

	202107
	75.91b
	114.82ab
	116.27a
	117.69a
	133.57a
	
	8.77
	7.87
	16.62
	14.46
	25.72

	202109
	74.69b
	96.32ab
	110.01ab
	134.96a
	122.82a
	
	7.10
	8.18
	19.64
	23.68
	16.06

	202206
	36.11b
	47.99b
	41.83b
	47.18b
	74.5a
	
	3.31
	8.03
	4.50
	8.66
	5.53

	202210
	53.17b
	58.24b
	54.53b
	69.02ab
	83.78a
	
	3.07
	4.53
	7.66
	5.03
	10.17

	202307
	68.28b
	77.86b
	93.9ab
	92.03ab
	102.77a
	
	5.25
	8.92
	6.99
	6.70
	12.57

	202310
	79.05c
	105.72b
	117.31b
	118.98b
	143.49a
	
	10.29
	11.57
	0.84
	5.51
	9.31

	202407
	74.08
	80.3
	77.44
	82.24
	90.68
	
	5.29
	8.52
	6.59
	8.87
	4.79

	202410
	95.21
	88.14
	89.1
	107.77
	77.33
	
	17.14
	3.15
	2.02
	10.74
	9.18

	202507
	67.83
	88.67
	99.72
	101.35
	90.51
	
	1.57
	2.89
	2.17
	2.55
	0.71

	202510
	97.14
	114.7
	94.95
	97.93
	103.74
	
	2.89
	5.00
	2.48
	2.54
	3.29


†Different letters within each site and sampling time indicate significant differences (p < 0.05) among rates.
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