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Supplementary table S1: Selected soil properties, soil management practices, Enzymatic activities, and abundance of genes involved in the production of studied enzymes (GeoChip 4.0) of samples collected from three major grain producing regions across Australia.
	Sample name
	Region
	Soil Type
	Management practices
	Total C (%)
	Total N (%)
	pH
	Enzymatic activities* 
(nmol h-1 g-1 soil)
	Geochip data 
(normalized signal intensity)

	
	
	
	
	
	
	
	 NAG
	CB
	AG
	 XYL
	Acetylglucosaminidase
	Exoglucanase
	-amylase
	Xylanase

	N1
	Narrabri (NSW)
	Vertisols
	Crop rotation, residue retention, minimal till
	1.41
	0.12
	8.29
	12.23
	38.02
	1.46
	6.30
	6.34
	9.94
	20.12
	5.33

	N2
	Narrabri (NSW)
	Vertisols
	Crop rotation, residue retention, minimal till
	1.45
	0.12
	8.35
	13.94
	34.49
	1.58
	7.66
	6.46
	8.99
	20.63
	5.99

	N3
	Narrabri (NSW)
	Vertisols
	Crop rotation, residue retention, minimal till
	1.44
	0.13
	8.32
	12.45
	41.90
	1.99
	7.15
	6.12
	10.01
	24.99
	5.79

	N4
	Narrabri (NSW)
	Vertisols
	Monoculture, residue removed, minimal till
	1.26
	0.10
	8.29
	9.25
	28.91
	1.84
	5.13
	6.02
	7.23
	23.34
	4.90

	N5
	Narrabri (NSW)
	Vertisols
	Monoculture, residue removed, minimal till
	1.45
	0.13
	8.19
	5.36
	28.67
	1.48
	4.44
	5.98
	7.36
	20.12
	4.34

	N6
	Narrabri (NSW)
	Vertisols
	Monoculture, residue removed, minimal till
	1.44
	0.13
	8.16
	8.05
	32.94
	2.14
	6.06
	5.82
	8.95
	24.44
	5.33

	N7
	Narrabri (NSW)
	Vertisols
	Monoculture, residue removed, tillage
	1.38
	0.12
	8.11
	8.65
	34.42
	2.89
	3.71
	5.23
	8.66
	28.91
	4.02

	N8
	Narrabri (NSW)
	Vertisols
	Monoculture, residue removed, tillage
	1.51
	0.14
	7.85
	6.35
	39.43
	2.86
	5.84
	5.68
	9.94
	28.88
	5.11

	N9
	Narrabri (NSW)
	Vertisols
	Monoculture, residue removed, tillage
	1.23
	0.11
	8.26
	15.01
	37.31
	2.18
	5.84
	7.12
	9.98
	21.22
	5.04

	N10
	Narrabri (NSW)
	Vertisols
	Crop rotation, residue retention, tillage
	1.36
	0.11
	8.24
	10.28
	35.10
	2.65
	7.28
	6.23
	8.98
	29.02
	5.99

	N11
	Narrabri (NSW)
	Vertisols
	Crop rotation, residue retention, tillage
	1.60
	0.14
	8.07
	12.79
	26.76
	1.49
	5.02
	6.68
	8.02
	21.22
	4.79

	N12
	Narrabri (NSW)
	Vertisols
	Crop rotation, residue retention, tillage
	1.12
	0.08
	8.12
	12.23
	26.40
	1.34
	6.40
	6.12
	8.01
	19.87
	4.79

	K1
	Karooonda (SA)
	Kandosol
	Crop rotation, residue retention, Tillage
	0.43
	0.03
	6.57
	24.63
	4.25
	2.30
	29.59
	12.33
	3.13
	24.56
	13.56

	K2
	Karooonda (SA)
	Calcarosol 
	Crop rotation, residue retention, Tillage
	0.58
	0.05
	6.49
	36.40
	4.30
	2.25
	28.90
	17.33
	3.46
	23.33
	15.46

	K3
	Karooonda (SA)
	Kandosol
	Crop rotation, residue retention, Tillage
	0.50
	0.04
	6.49
	28.16
	3.11
	2.86
	27.70
	12.90
	3.94
	28.78
	14.57

	K4
	Karooonda (SA)
	Calcarosol 
	Monoculture, residue removed, Tillage
	0.59
	0.05
	6.13
	26.62
	3.66
	2.12
	30.41
	13.56
	3.94
	21.23
	14.99

	K5
	Karooonda (SA)
	Kandosol
	Monoculture, residue removed, Tillage
	0.48
	0.04
	6.31
	26.03
	4.52
	1.55
	29.25
	14.23
	3.04
	20.23
	14.34

	K6
	Karooonda (SA)
	Calcarosol 
	Monoculture, residue removed, Tillage
	0.67
	0.04
	6.01
	25.09
	2.80
	1.58
	24.63
	13.23
	1.91
	21.22
	13.99

	K7
	Karooonda (SA)
	Kandosol
	Monoculture, residue removed, minimal till
	0.46
	0.04
	6.46
	27.99
	3.40
	1.81
	22.93
	15.33
	2.35
	21.22
	13.68

	K8
	Karooonda (SA)
	Kandosol
	Monoculture, residue removed, minimal till
	0.54
	0.04
	6.33
	25.73
	2.34
	1.18
	28.20
	14.34
	3.02
	17.56
	14.57

	K9
	Karooonda (SA)
	Calcarosol 
	Monoculture, residue removed, minimal till
	0.62
	0.05
	6.35
	25.67
	2.57
	1.23
	28.35
	13.23
	2.09
	17.45
	14.03

	K10
	Karooonda (SA)
	Calcarosol 
	Crop rotation, residue removed, tillage
	0.75
	0.04
	6.21
	36.67
	6.39
	1.41
	33.70
	17.90
	4.00
	19.67
	15.35

	K11
	Karooonda (SA)
	Calcarosol 
	Crop rotation, residue removed, tillage
	0.75
	0.04
	6.42
	23.96
	2.47
	1.84
	26.73
	11.23
	2.84
	22.33
	14.90

	K12
	Karooonda (SA)
	Calcarosol 
	Crop rotation, residue removed, tillage
	0.81
	0.07
	6.35
	30.78
	2.79
	1.54
	31.90
	15.68
	2.98
	19.98
	14.57

	K13
	Karooonda (SA)
	Calcarosol 
	Crop rotation, residue removed, minimal till
	0.62
	0.03
	6.99
	30.17
	2.22
	1.29
	24.08
	15.34
	2.71
	18.34
	13.44

	K14
	Karooonda (SA)
	Calcarosol 
	Crop rotation, residue removed, minimal till
	0.68
	0.06
	6.46
	42.41
	3.80
	2.32
	31.49
	19.97
	3.23
	24.44
	15.45

	K15
	Karooonda (SA)
	Kandosol
	Crop rotation, residue removed, minimal till
	0.48
	0.04
	6.79
	26.88
	4.30
	2.72
	27.70
	14.33
	4.00
	28.67
	14.33

	K16
	Karooonda (SA)
	Kandosol
	Monoculture, residue retention, Tillage
	0.55
	0.05
	6.92
	29.75
	4.38
	1.41
	23.69
	15.33
	3.81
	20.22
	14.34

	K17
	Karooonda (SA)
	Kandosol
	Monoculture, residue retention, Tillage
	0.47
	0.04
	6.57
	29.35
	3.46
	1.47
	22.35
	16.33
	4.33
	19.03
	14.23

	K18
	Karooonda (SA)
	Kandosol
	Monoculture, residue retention, Tillage
	0.55
	0.05
	5.95
	29.23
	3.57
	1.46
	22.35
	16.23
	3.91
	19.83
	14.23

	C1
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue retention, minimal till
	1.52
	0.10
	7.71
	19.53
	1.90
	2.42
	18.77
	9.56
	2.09
	28.22
	12.03

	C8
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue retention, minimal till
	0.74
	0.04
	7.56
	17.02
	1.90
	1.49
	16.62
	9.12
	2.09
	20.03
	11.22

	C20
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue retention, minimal till
	1.11
	0.09
	7.32
	13.27
	0.81
	2.81
	15.11
	7.91
	1.56
	29.83
	11.03

	C4
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue removed, minimal till
	1.76
	0.12
	7.76
	19.43
	1.32
	2.61
	14.43
	9.79
	1.98
	27.09
	11.23

	C9
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue removed, minimal till
	1.01
	0.08
	7.12
	19.90
	0.40
	2.81
	17.04
	10.00
	1.94
	28.23
	11.23

	C21
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue removed, minimal till
	1.02
	0.08
	7.09
	19.22
	0.57
	2.24
	16.63
	9.68
	1.08
	24.46
	11.98

	C10
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue retention, minimal till
	1.32
	0.10
	7.71
	22.81
	1.11
	2.54
	13.84
	11.22
	1.09
	25.34
	10.94

	C13
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue retention, minimal till
	1.30
	0.09
	7.60
	20.44
	1.21
	2.21
	17.33
	10.46
	1.02
	21.03
	11.00

	C18
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue retention, minimal till
	1.15
	0.09
	7.27
	21.58
	0.90
	3.09
	18.83
	11.46
	1.00
	30.00
	11.22

	C11
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue removed, minimal till
	1.23
	0.10
	7.78
	21.21
	1.46
	2.95
	18.06
	11.46
	1.52
	28.84
	10.99

	C12
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue removed, minimal till
	1.07
	0.08
	7.34
	24.06
	0.91
	3.08
	20.11
	13.01
	0.98
	28.83
	11.23

	C19
	Cunderdin (WA)
	XanthicFerralsol
	Crop rotation, residue removed, minimal till
	1.03
	0.08
	6.88
	22.91
	1.23
	3.74
	18.56
	12.57
	1.12
	30.28
	10.99

	C5
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, minimal till
	1.27
	0.07
	6.95
	18.53
	1.35
	3.57
	14.56
	9.00
	1.54
	31.22
	9.99

	C6
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, minimal till
	1.10
	0.06
	6.80
	20.09
	1.55
	3.75
	18.73
	9.13
	1.76
	32.33
	10.99

	C15
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, minimal till
	1.02
	0.06
	7.29
	19.32
	1.45
	2.67
	18.39
	9.45
	1.65
	29.34
	11.99

	C3
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, minimal till
	1.17
	0.08
	7.76
	19.78
	1.35
	1.21
	18.21
	10.34
	1.67
	20.23
	12.95

	C14
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, minimal till
	1.03
	0.08
	7.28
	16.79
	1.33
	2.43
	18.43
	10.57
	2.11
	25.33
	12.33

	C17
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, tillage
	1.15
	0.07
	7.98
	18.73
	1.34
	1.21
	18.21
	10.96
	2.84
	19.03
	11.25

	C2
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, tillage
	1.30
	0.08
	7.23
	18.35
	1.22
	2.22
	18.34
	9.34
	0.98
	22.23
	12.23

	C7
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, tillage
	1.15
	0.08
	6.97
	17.79
	1.22
	2.35
	16.23
	9.46
	0.90
	23.23
	11.99

	C16
	Cunderdin (WA)
	XanthicFerralsol
	Monoculture, residue removed, tillage
	1.08
	0.08
	7.65
	18.35
	1.57
	2.56
	15.56
	9.57
	0.85
	23.35
	10.09


*Please refer to Supplementary table S2 for abbreviation.

Supplementary Table S2: List of enzymes, their function and genes encoding the enzymes.
	Enzyme
	Abbreviation
	Function
	Gene

	-Glucosidase
	AG
	Degrades starch
	-Amylase

	-D-Xylosidase
	XYL
	Degrades hemi-cellulose
	Xylanase

	N-acetyl--D-glucosaminidase
	NAG
	Degrades chitin
	Acetylglucosaminidase

	-D-cellulosidase
	CB
	Degrades cellulose
	Exoglucanase






































Supplementary Table S3: Correlation between the relative abundance (from Pyrosequencing and qPCR data) of different microbial groups.

	Microbial Groups
	Spearman's correlation coefficient
	P value

	-Proteobacteria
	0.831
	<0.0001

	-Proteobacteria
	0.936
	<0.0001

	Acidobacteria
	0.892
	<0.0001

	Actinobacteria
	0.929
	<0.0001

	Firmicutes
	0.982
	<0.0001

	Basidiomycota
	0.843
	<0.0001
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5.04


 


N10


 


Narrabri 


(NSW)


 


Vertisols


 


Crop rotation, residue 


retention, tillage


 


1.36


 


0.11


 


8.24


 


10.28


 


35.10


 


2.65


 


7.28


 


6.23


 


8.98


 


29.02


 


5.99


 


N11


 


Narrabri 


(NSW)


 


Vertisols


 


Crop rotation, residue 


retention, tillage


 


1.60


 


0.14


 


8.07


 


12.79


 


26.76


 


1.49


 


5.02


 


6.68


 


8.02


 


21.22


 


4.79


 


N12


 


Narrabri 


(NSW)


 


Vertisols


 


Crop rotation, residue 


retention, tillage


 


1.12


 


0.08


 


8.12


 


12.23


 


2


6.40


 


1.34


 


6.40


 


6.12


 


8.01


 


19.87


 


4.79


 


K1


 


Karooonda 


(SA)


 


Kandosol


 


Crop rotation, residue 


retention, Tillage


 


0.43


 


0.03


 


6.57


 


24.63


 


4.25


 


2.30


 


29.59


 


12.33


 


3.13


 


24.56


 


13.56


 


K2


 


Karooonda 


(SA)


 


Calcarosol 


 


Crop rotation, residue 


retention, Tillage


 


0.58


 


0.05


 


6.49


 


36


.40


 


4.30


 


2.25


 


28.90


 


17.33


 


3.46


 


23.33


 


15.46


 


K3


 


Karooonda 


(SA)


 


Kandosol


 


Crop rotation, residue 


retention, Tillage


 


0.50


 


0.04


 


6.49


 


28.16


 


3.11


 


2.86


 


27.70


 


12.90


 


3.94


 


28.78


 


14.57


 


K4


 


Karooonda 


(SA)


 


Calcarosol 


 


Monoculture, residue 


removed, Tillage


 


0.59


 


0.05


 


6.13


 


26.62


 


3.66


 


2.12


 


30.41


 


13.56


 


3.94


 


21.23


 


14.99


 




SUPPLEMENTARY INFORM ATION   Supplementary table S1:  S elected soil properties, soil management practices, Enzymatic activities, and abundance of genes involved in the  production of studied enzymes (GeoChip 4.0) of samples collected from three major grain prod ucing regions across Australia.  

Sample  name  Region  Soil Type  Management practices  Total  C (%)  Total  N (%)  pH  Enzymatic activities*    ( nmol h - 1   g - 1   soil)  Geochip data    (normalized signal intensity)  

  NAG  CB  AG    XYL  Acetylglucosaminidase  Exoglucanase   - amylase  Xylanase  

N1  Narrabri  (NSW)  Vertisols  Crop rotation, residue  retention, minimal till  1.41  0.12  8.29  12.23  38.02  1.46  6.30  6.34  9.94  20.12  5.33  

N2  Narrabri  (NSW)  Vertisols  Crop rotation, residue  retention, minimal till  1.45  0.12  8.35  13.94  34.49  1.58  7.66  6.46  8.99  20.63  5.99  

N3  Narrabri  (NSW)  Vertisols  Crop rotation, residue  retention, minimal till  1.44  0.13  8.32  12.45  41.90  1.99  7.15  6.12  10.01  24.99  5.79  

N4  Narrabri  (NSW)  Vertisols  Monoculture, residue  removed, minimal till  1.26  0.10  8.29  9.2 5  28.91  1.84  5.13  6.02  7.23  23.34  4.90  

N5  Narrabri  (NSW)  Vertisols  Monoculture, residue  removed, minimal till  1.45  0.13  8.19  5.36  28.67  1.48  4.44  5.98  7.36  20.12  4.34  

N6  Narrabri  (NSW)  Vertisols  Monoculture, residue  removed, minimal till  1.44  0.13  8.16  8 .05  32.94  2.14  6.06  5.82  8.95  24.44  5.33  

N7  Narrabri  (NSW)  Vertisols  Monoculture, residue  removed, tillage  1.38  0.12  8.11  8.65  34.42  2.89  3.71  5.23  8.66  28.91  4.02  

N8  Narrabri  (NSW)  Vertisols  Monoculture, residue  removed, tillage  1.51  0.14  7.85  6.35  39.4 3  2.86  5.84  5.68  9.94  28.88  5.11  

N9  Narrabri  (NSW)  Vertisols  Monoculture, residue  removed, tillage  1.23  0.11  8.26  15.01  37.31  2.18  5.84  7.12  9.98  21.22  5.04  

N10  Narrabri  (NSW)  Vertisols  Crop rotation, residue  retention, tillage  1.36  0.11  8.24  10.28  35.10  2.65  7.28  6.23  8.98  29.02  5.99  

N11  Narrabri  (NSW)  Vertisols  Crop rotation, residue  retention, tillage  1.60  0.14  8.07  12.79  26.76  1.49  5.02  6.68  8.02  21.22  4.79  

N12  Narrabri  (NSW)  Vertisols  Crop rotation, residue  retention, tillage  1.12  0.08  8.12  12.23  2 6.40  1.34  6.40  6.12  8.01  19.87  4.79  

K1  Karooonda  (SA)  Kandosol  Crop rotation, residue  retention, Tillage  0.43  0.03  6.57  24.63  4.25  2.30  29.59  12.33  3.13  24.56  13.56  

K2  Karooonda  (SA)  Calcarosol   Crop rotation, residue  retention, Tillage  0.58  0.05  6.49  36 .40  4.30  2.25  28.90  17.33  3.46  23.33  15.46  

K3  Karooonda  (SA)  Kandosol  Crop rotation, residue  retention, Tillage  0.50  0.04  6.49  28.16  3.11  2.86  27.70  12.90  3.94  28.78  14.57  

K4  Karooonda  (SA)  Calcarosol   Monoculture, residue  removed, Tillage  0.59  0.05  6.13  26.62  3.66  2.12  30.41  13.56  3.94  21.23  14.99  

