Table S1 Soil physicochemical properties at the onset of the study
	Soil physicochemical properties

	SOC (g kg-1)
	TN (g kg-1)
	BD (g cm-3)
	pH
	clay
	silt
	sand

	11.0 
	 0.80 
	1.29 
	8.05
	16.0 %
	57.2 %
	26.8 %


Note: SOC, TN and BD represent soil organic carbon, total nitrogen, and bulk density, respectively, and pH was determined with the ratio of soil to water of 1:2.5 (mass/volume).

[bookmark: OLE_LINK2]Table S2 Field management practices under the upland rice-rapeseed (UR) and flooded rice-rapeseed (RR) rotation systems. 
	Rotations
	Crops
	Management
	N Fertilizer type
	N Fertilizer rate
(kg N ha-1)
	Date

	UR
	Upland rice
	Tillage, transplanting and basal fertilization
	Compound Fertilizer
	112
	29 May, 2019

	
	
	Topdressing
	Urea
	68
	13 Jun, 2019

	
	
	Topdressing
	Urea
	45
	29 Jul, 2019

	
	
	Harvesting
	-
	-
	14 Sep, 2019

	
	Rapeseed
	Tillage, sowing and fertilizer
	Compound Fertilizer
	115
	03 Oct, 2019

	
	
	Topdressing
	Urea
	77
	18 Nov, 2020

	
	
	Harvesting
	-
	-
	10 May, 2020

	
	Upland rice
	Tillage, transplanting and basal fertilization
	Compound Fertilizer
	112
	01 Jun, 2020

	
	
	Topdressing
	Urea
	68
	15 Jun, 2020

	
	
	Topdressing
	Urea
	45
	[bookmark: OLE_LINK3]12 Jul, 2020

	
	
	Harvesting
	-
	-
	10 Sep, 2020

	RR
	Middle rice
	Tillage, transplanting and basal fertilization
	Compound Fertilizer
	112
	29 May, 2019

	
	
	Topdressing
	Urea
	68
	06 Jun, 2019

	
	
	Topdressing
	Urea
	45
	17 Jul, 2019

	
	
	Harvesting
	-
	-
	10 Sep, 2019

	
	Rapeseed
	Tillage, sowing and fertilizer
	Compound Fertilizer
	115
	03 Oct, 2019

	
	
	Topdressing
	Urea
	77
	18 Nov, 2020

	
	
	Harvesting
	-
	-
	10 May, 2020

	
	Middle rice
	Tillage, transplanting and basal fertilization
	Compound Fertilizer
	112
	01 Jun, 2020

	
	
	Topdressing
	Urea
	68
	08 Jun, 2020

	
	
	Topdressing
	Urea
	45
	18 Jul, 2020

	
	
	Harvesting
	-
	-
	07 Sep, 2020



Table S3 Primers used in the amplification of AOA-amoA, AOB-amoA, nirS, nirK and nosZ genes in present study. 
	Gene
	Primer name
	Primer sequence
	Reference

	AOA-amoA
	Arch-amoA26F
	5'-GAC TACATMTTCTAYACWGAYTGGGC-3'
	Park et al. (2008)

	
	Arch-amoA417R  
	5'-GGKGTCATRTATGGWGGYAAYGTTGG-3'
	Park et al. (2008)

	AOB-amoA
	amoA 1F
	5'-GGGGTTTCTACTGGTGGGGT-3'
	Rotthauwe et al. (1997)

	
	amoA 2R
	5'-CCCCTCKGSAAAGCCTTCTTC-3'
	Rotthauwe et al. (1997)

	nirS
	cd3aF 
	5'-TTCRTCAAGACSCAYCCGAA-3'
	Throbäck et al. (2004)

	
	R3cdR 
	5'-CGTTGAACTTRCCGGT-3'
	Throbäck et al. (2004)

	nirK
	1aCuF
	5'-ATCATGGTSCTGCCGCG-3' 
	Henry et al. (2004)

	
	3CuR  
	5'-GCCTCGATCAGRTTGTGGTT-3'
	Henry et al. (2004)

	nosZ
	nosZ-2F
	5'-CGCrACGGCAASaAGGTSMSSGT-3'
	Tisknia et al. (2013)

	
	nosZ-2R
	5'-CAKRTGCAKSGCrtGGCAGAA-3'
	[bookmark: OLE_LINK4]Tisknia et al. (2013)



Table S4 The average of soil variables for different treatments during the rice-growing seasons.
	Period
	Treatment
	Soil variables value (mg kg-1)

	
	
	DOC
	NH4+
	NO3-
	MBC
	MBN

	Rice-growing seasons 
	UR-CC
	34.25 (3.05) a
	19.70 (1.63) ab
	18.79 (0.76) a
	316.43 (13.44) a
	28.52 (3.31) a

	
	UR-NC
	32.08 (4.26) a
	24.92 (2.15) a
	21.99 (1.27) a
	263.77 (16.17) b
	 22.53 (2.07) ab

	
	RR-CC
	38.91 (3.58) a
	12.64 (1.56) c
	5.69 (0.25) b
	276.92 (20.48) ab
	21.35 (1.99) b

	
	RR-NC
	37.10 (2.13) a
	15.77 (1.92) bc
	5.77 (0.34) b
	248.96 (16.56) b
	16.27 (2.57) b


Note: Rice plantation and non-rice plantation treatments are represented by the abbreviations UR-CC and UR-NC, respectively, under the upland rice-rapeseed rotation, and RR-CC and RR-NC, respectively, under the flooded rice-rapeseed rotation. DOC, NH4+, NO3-, MBC and MBN represent soil dissolved organic carbon, ammonium, nitrate, microbial biomass carbon and microbial biomass nitrogen, respectively. The numbers in the parentheses are standard errors, n=3.





Table S5 The average of copy number of ammonia oxidation functional genes for different treatments during the rice-growing seasons. 
	Period
	Treatment
	Abundances of functional genes

	
	
	AOA-amoA
	AOB-amoA
	AOA/AOB

	Rice-growing seasons 
	UR-CC
	1.81E+08 (0.08E+08) c
	5.90E+05 (0.25E+05) c
	311.81 (20.85) a

	
	UR-NC
	2.88E+08 (0.09E+08) b
	7.58E+05 (0.19E+05) b
	371.60 (30.56) a

	
	RR-CC
	1.67E+08 (0.11E+08) c
	2.46E+06 (0.11E+06) a
	155.41 (15.47) c

	
	RR-NC
	3.78E+08 (0.12E+08) a
	2.17E+06 (0.18E+05) a
	232.66 (18.39) b


Note: Rice plantation and non-rice plantation treatments are represented by the abbreviations UR-CC and UR-NC, respectively, under the upland rice-rapeseed rotation, and RR-CC and RR-NC, respectively, under the flooded rice-rapeseed rotation. AOA-amoA and AOB-amoA represent ammonia-monooxygenase gene derived from ammonia-oxidizing archaea and ammonia-oxidizing bacteria, respectively. The numbers in the parentheses are standard errors, n=3. 

Table S6 The average of copy number of denitrification functional genes for different treatments during the rice-growing seasons. 
	Period
	Treatment
	
	Abundances of functional genes

	
	
	nirS
	nirK
	nosZ
	(nirS+nirK)/ nosZ

	Rice-growing seasons 
	UR-CC
	4.04E+07 b
(0.15E+07) 
	5.27E+07 b
(0.21E+07) 
	1.34E+07 c
 (0.07E+07) 
	3.70 (0.11) b

	
	UR-NC
	4.29E+07 b 
(0.27E+07) 
	5.40E+07 b
(0.19E+07) 
	0.75E+07 d
(0.04E+07) 
	7.69 (0.21) a

	
	RR-CC
	4.25E+07 b 
(0.11E+07) 
	6.68E+07 a
(0.21E+07) 
	4.40E+07 a
(0.15E+07) 
	3.57 (0.14) b

	
	RR-NC
	6.15E+07a 
(0.18E+07) 
	6.24E+07 a
(0.18E+07) 
	2.15E+07 b 
(0.11E+07) 
	5.56 (0.26) a


Note: Rice plantation and non-rice plantation treatments are represented by the abbreviations UR-CC and UR-NC, respectively, under the upland rice-rapeseed rotation, and RR-CC and RR-NC, respectively, under the flooded rice-rapeseed rotation. nirS and nirK represent nitrite reductase gene, and nosZ represents nitrous oxide reductase gene. The numbers in the parentheses are standard errors, n=3. 

Table S7 The rice yields and the response of N2O emissions (kg N ha-1) to per unit crop yield (dry weigh, kg ha-1) under upland rice-rapeseed and flooded rice-rapeseed rotations during the experimental period of 2019-2020.
	Year
	Treatment
	Rice Yield (t ha-1)
	N2O emissions 
(kg N ha-1)
	RNY

	2019
	UR-CC
	7.36 ± 0.48 a
	1.54 ± 0.16 b
	0.21 ± 0.01 b

	
	RR-CC
	6.80 ± 0.54 a
	0.71 ± 0.20 c
	0.10 ± 0.02 c

	2020
	UR-CC
	7.58 ± 0.29 a
	2.57 ± 0.28 a
	0.34 ± 0.03 a

	
	RR-CC
	6.72 ± 0.69 a
	0.76 ± 0.04 c
	0.11 ± 0.01 c


Note: UR-CC and RR-CC represent rice plantation treatments under upland rice-rapeseed and flooded rice-rapeseed rotation, respectively. Mean ± SE means standard error of measurements for nine replicates. Means followed by same lower-case letters represent not significantly different (LSD, p > 0.05). RNY means the Response of N2O emissions to per unit rice Yield. RNY= N2Oemission/Yield, where N2Oemission is the seasonal N2O emissions (kg N ha-1) under various rotations.
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[bookmark: OLE_LINK33]Figure. S1 Dynamics in daily mean air temperature, soil temperature at 5-cm depth and precipitation during the experiment period. 
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[bookmark: _GoBack]Figure. S2 Dynamics in soil moisture and filed flooding depth for various treatments during the experiment period. Note: water filled pore space (WFPS) is used for the rapeseed-growing season and upland rice-growing seasons, while field flood depth is used for the rice-growing seasons. Rice plantation and non-rice plantation treatments are represented by the abbreviations UR-CC and UR-NC, respectively, under the upland rice-rapeseed rotation, and RR-CC and RR-NC, respectively, under the flooded rice-rapeseed rotation.
image1.emf
2019/5/202019/7/202019/9/20 2019/11/202020/1/20 2020/3/202020/5/202020/7/202020/9/20

-5

0

5

10

15

20

25

30

35

Precipitation

 Date (year/month/day) 

 Air temperature

 Soil temperature

 Temperature

 

(

℃

)

0

30

60

90

120

150

Precipitation (mm)


image2.emf
2019/5/21 2019/7/21 2019/9/21

2019/11/21

2020/1/21 2020/3/21 2020/5/21 2020/7/21 2020/9/21

0

1

2

3

4

5

Date (year/month/day)

Field flood depth (cm)

 RR-CC

 RR-NC

20

30

40

50

60

70

80

 UR-CC

 UR-NC

Water Filled Pore Space (WFPS)


