Supplementary Results
Article Title: How does water management impact the effects of straw returning on biological nitrogen fixation and diazotrophs?



Fig. S1 Performances of the 15N2-labelling growth chamber during the whole experimental period (A: Dynamics of 15N-abundance in the 15N2-labelling growth chamber, B: Hourly variations of the air temperature in the 15N2-labelling growth chambers and the ambient air during the daytime, C: Hourly variations of the CO2 concentration in the 15N2-labelling chambers during daytime, D: Hourly variations of the relative humidity in the 15N2-labelling chambers during daytime, E: variations of the O2 concentration in the 15N2-labelling chambers)










Table S1 Total N, 15N atom% excess, and the amount of fixed N in soil at different soil layer (0-1, 1-5, 5-15 cm) in the pots in the 15N2-labelled chamber after labelling for 90 days with different treatments
	Treatments
	Soil sample
	Total N (g pot-1)
	15N atom% excess
	Fixed N (mg pot-1)

	CF
	No straw
	0-1 cm
	0.170 ± 0.008bA
	0.032 ± 0.001aB
	1.688 ± 0.317aB

	
	
	1-5 cm
	0.269 ± 0.025bA
	0.010 ± 0.003bA
	0.696 ± 0.070bB

	
	
	5-15 cm
	1.508 ± 0.025aA
	0.003 ± 0.001bA
	1.505 ± 0.340aA

	
	
	Total
	1.947 ± 0.049A
	
	3.889 ± 0.533B

	
	Straw
	0-1 cm
	0.139 ± 0.028bA
	0.110 ± 0.018aA
	4.421 ± 0.514aA

	
	
	1-5 cm
	0.389 ± 0.048bA
	0.015 ± 0.002bA
	1.911 ± 0.547bA

	
	
	5-15 cm
	1.683 ± 0.078aA
	0.002 ± 0.001cA
	1.039 ± 0.320bA

	
	
	Total
	2.212 ± 0.103A
	
	7.371 ± 1.308A

	IF
	No straw
	0-1 cm
	0.141 ± 0.018bA
	0.062 ± 0.004aB
	2.753 ± 0.639aAB

	
	
	1-5 cm
	0.470 ± 0.029bA
	0.005 ± 0.002bA
	0.694 ± 0.294bB

	
	
	5-15 cm
	1.615 ± 0.062aA
	0.001 ± 0.000cA
	0.555 ± 0.069bA

	
	
	Total
	2.226 ± 0.052A
	
	4.002 ± 0.306AB

	
	Straw
	0-1 cm
	0.121 ± 0.012bA
	0.058 ± 0.005aB
	2.198 ± 0.372aB

	
	
	1-5 cm
	0.265 ± 0.072bA
	0.006 ± 0.003bA
	0.548 ± 0.270bB

	
	
	5-15 cm
	1.615 ± 0.099aA
	0.003 ± 0.001bA
	1.679 ± 0.527aA

	
	
	Total
	2.001 ± 0.025A
	
	4.425 ± 0.359AB


Note: mean ± standard error (n = 3). The same small letters of the same column indicate non-significant differences among the different soil layers in the same treatment (P > 0.05). The same capital letters in the same column indicate non-significant differences among the different treatments in the same soil layer or total soil (P > 0.05).


Table S2 Dry weight, total N, 15N atom% excess, and the amount of fixed N in rice at different parts (belowground and aboveground part) in the pots in the 15N2-labelled chamber after labelling for 90 days with different treatments
	Treatments
	Plant sample
	Dry weight (g)
	Total N (g pot-1)
	15N atom% excess
	N fixed N (mg pot-1)

	CF
	No straw
	Belowground
	4.40 ±0.93bA
	0.037 ± 0.006bA
	0.070 ± 0.026aB
	0.770 ± 0.304aB

	
	
	Aboveground
	11.31 ± 0.79aA
	0.104 ± 0.003aA
	0.024 ± 0.009aB
	0.677 ± 0.182aB

	
	
	Whole plant
	15.71 ± 0.17A
	0.141 ± 0.003A
	
	1.447 ± 0.482B

	
	Straw
	Belowground
	2.29 ± 1.44aA
	0.042 ± 0.015aA
	0.243 ± 0.008aA
	2.840 ± 0.660aA

	
	
	Aboveground
	3.19 ± 0.87aB
	0.044 ± 0.003aB
	0.100 ± 0.008bA
	1.363 ± 0.173aA

	
	
	Whole plant
	5.48 ± 2.02B
	0.086 ± 0.017B
	
	4.203 ± 0.490A

	IF
	Straw
	Belowground
	0.77 ± 0.12bA
	0.012 ± 0.001bA
	0.096 ± 0.005aB
	0.364 ± 0.045aB

	
	
	Aboveground
	5.10 ± 1.09aB
	0.039 ± 0.003aB
	0.038 ± 0.006bB
	0.450 ± 0.055aB

	
	
	Whole plant
	5.87 ± 1.01B
	0.052 ± 0.003B
	
	0.813 ± 0.087B

	
	No straw
	Belowground
	1.83 ± 1.04aA
	0.037 ± 0.008bA
	0.041 ± 0.014aB
	0.459 ± 0.168aB

	
	
	Aboveground
	4.64 ± 2.11aB
	0.094 ± 0.003aA
	0.017 ± 0.003aB
	0.477 ± 0.071aB

	
	
	Whole plant
	6.47 ± 3.15B
	0.131 ± 0.006A
	
	0.936 ± 0.238B


Note: mean ± standard error (n = 3). The same small letters of the same column indicate non-significant differences among the different soil layers in the same treatment (P > 0.05). The same capital letters in the same column indicate non-significant differences among the different treatments in the same soil layer or total soil (P > 0.05).



Table S3 Top 10 classes in relative abundance of diazotrophs (%)
	Top 10 class inrelative abundance (%)
	CF
	
	IF
	
	F value and significance
	
	Correlation with BNF

	
	No straw
	Straw
	
	No straw
	Straw
	
	Straw management
	Water management
	Straw × Water management
	
	

	Alphaproteobacteria
	62.1 (5.78) Aa
	46.0 (6.29) Aa
	
	55.3 (12.8) Aa
	62.2 (6.29) Aa
	
	NS
	NS
	NS
	
	-0.38

	Gammaproteobacteria
	13.2 (2.42) Aa
	22.6 (4.22) Aa
	
	6.56 (1.76) Aa
	13.6 (3.49) Aa
	
	*
	*
	NS
	
	0.62*

	Betaproteobacteria
	10.9 (3.09) Aa
	9.9 (0.72) Aa
	
	4.57 (0.57) Aa
	6.53 (1.87) Aa
	
	NS
	*
	NS
	
	0.33

	delta/epsilon subdivisions
	1.86 (0.35) Bb
	6.73 (0.56) Aa
	
	5.40 (0.50) Aa
	4.85 (0.34) Aa
	
	***
	NS
	***
	
	0.57

	Nostocales
	0.19 (0.19) Aa
	0.12 (0.07) Aa
	
	5.96 (5.68) Aa
	0.18 (0.07) Aa
	
	NS
	NS
	NS
	
	-0.23

	Oscillatoriophycideae
	2.10 (0.23) Aa
	0.30 (0.12) Ba
	
	2.71 (1.62) Aa
	0.26 (0.04) Aa
	
	*
	NS
	NS
	
	-0.29

	Actinobacteria
	0.80 (0.31) Aa
	0.08 (0.02) Aa
	
	0.24 (0.05) Aa
	0.06 (0.03) Ba
	
	*
	NS
	NS
	
	-0.28

	Clostridia
	0.07 (0.03) Aa
	0.17 (0.06) Aa
	
	0.06 (0.02) Aa
	0.27 (0.07) Aa
	
	*
	NS
	NS
	
	0.02

	Stigonematales
	0.13 (0.12) Aa
	0.04 (0.02) Aa
	
	0.37 (0.18) Aa
	0.02 (0.02) Aa
	
	NS
	NS
	NS
	
	-0.27

	Spirochaetia
	0.08 (0.05) Aa
	0.25 (0.11) Aa
	
	0.05 (0.02) Aa
	0.04 (0.01) Aa
	
	NS
	NS
	NS
	
	0.80**

	Others
	8.44 (2.03) Aa
	13.8 (1.24) Aa
	
	18.8 (5.70) Aa
	12.1 (1.66) Aa
	
	NS
	NS
	NS
	
	-0.01


Note: The Two-Way ANOVA are indicated by * (0.01 < p ≤0.05), ** (0.001 < p ≤ 0.01), or *** (p ≤ 0.001). Standard errors of the mean are shown in parentheses. The same capital letters indicate non-significant (p > 0.05) difference between ‘No straw’ and ‘Straw’ treatments under the water management. The same small letters indicate non-significant difference between CF and IF treatments under the same straw returning practice. CF means continuous flooding and IF means intermittent flooding.
†: ‘Others’ means the sum of the relative abundance of all the remaining classes after excluding the top ten classes.

Table S4 Top 10 genera in relative abundance of diazotrophs (%)
	Top 10 genera of relative abundance
	CF
	
	IF
	
	F value and significance
	
	Correlation with BNF

	
	No straw
	Straw
	
	No straw
	Straw
	
	Straw management
	Water management
	Straw × Water management
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	[bookmark: _Hlk128055677]Alphaproteobacteria, Bradyrhizobium
	39.9 (8.56) Aa
	32.9 (5.20) Aa
	
	18.8 (1.31) Bb
	35.5 (6.06) Aa
	
	NS
	NS
	NS
	
	0.04
	

	[bookmark: _Hlk127466776]Alphaproteobacteria, Azospirillum
	13.7 (4.47) Aa
	8.11 (0.83) Ab
	
	7.18 (0.71) Ba
	21.6 (3.99) Aa
	
	NS
	NS
	*
	
	-0.42
	

	[bookmark: _Hlk127466599]Delta/epsilon subdivisions, Desulfovibrionaceae
	1.55 (0.35) Bb
	4.70 (0.59) Aa
	
	5.19 (0.56) Aa
	3.37 (0.48) Aa
	
	NS
	*
	*
	
	0.31
	

	[bookmark: _Hlk127466657]Betaproteobacteria, Azonexus
	3.99 (0.85) Aa
	5.27 (0.76) Aa
	
	1.41 (0.56) Aa
	1.98 (0.47) Ab
	
	NS
	*
	NS
	
	0.71**
	

	Gammaproteobacteria, Halorhodospira
	3.46 (0.90) Aa
	3.90 (0.74) Aa
	
	1.62 (0.23) Aa
	2.94 (0.46) Aa
	
	NS
	NS
	NS
	
	0.49
	

	Gammaproteobacteria, Azotobacter
	1.65 (0.12) Aa
	2.71 (0.88) Aa
	
	1.59 (1.33) Aa
	2.28 (1.21) Aa
	
	NS
	NS
	NS
	
	0.24
	

	Betaproteobacteria, Zoogloea
	2.06 (1.12) Aa
	1.37 (0.08) Aa
	
	0.61 (0.21) Aa
	1.22 (0.69) Aa
	
	NS
	NS
	NS
	
	0.05
	

	Betaproteobacteria, Azoarcus
	2.78 (2.04) Aa
	1.47 (0.38) Aa
	
	0.13 (0.01) Aa
	0.75 (0.33) Aa
	
	NS
	NS
	NS
	
	0.06
	

	Gammaproteobacteria, Ectothiorhodospira
	0.85 (0.39) Aa
	2.77 (0.38) Aa
	
	0.29 (0.01) Aa
	0.81 (0.33) Aa
	
	NS
	NS
	NS
	
	0.4
	

	†Others
	30.0 (4.02) Ab
	36.8 (3.58) Aa
	
	63.2 (3.65) Aa
	29.6 (3.70) Ba
	
	**
	**
	**
	
	0.06
	


Note: The Two-Way ANOVA are indicated by * (0.01 < p ≤0.05), ** (0.001 < p ≤ 0.01), or *** (p ≤ 0.001). Standard errors of the mean are shown in parentheses. The same capital letters indicate non-significant (p > 0.05) difference between ‘No straw’ and ‘Straw’ treatments under the same water management, the same small letters indicate non-significant difference between CF and IF treatments under the same straw returning practice. CF means continuous flooding and IF means intermittent flooding.
†: ‘Others’ means the sum of the relative abundance of all the remaining genera after excluding the top ten genera.










Table S5 Correlation analysis between BNF, C%, N%, C/N, nifH DNA abundance and nifH cDNA abundance
	
	BNF
	C%
	N%
	C/N
	nifH DNA abundance
	nifH cDNA abundance

	BNF
	1
	.786**
	.802**
	0.055
	.887**
	.902**

	C%
	.786**
	1
	.826**
	0.377
	.799**
	.854**

	N%
	.802**
	.826**
	1
	-0.210
	.654*
	.682*

	C/N
	0.055
	0.377
	-0.210
	1
	0.303
	0.355

	nifH DNA abundance
	.887**
	.799**
	.654*
	0.303
	1
	.977**

	nifH cDNA abundance
	.902**
	.854**
	.682*
	0.355
	.977**
	1


Note: The numbers in the table indicate the Pearson correlation. Significances are indicated by * (0.01 < P ≤0.05), ** (0.001 < P ≤ 0.01), or *** (P ≤ 0.001). 
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