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Supplementary information. 

Table S1. Linear mixed-effects models of the effects of mineral and manure fertilization, year 

and their interactive effects on rice grain yield production and yield stability. 

Variable Treat numDF denDF F p 

Grain Yield 

Intercept 1 288 3732.906 <.0001 

Treat 3 6 656.155 <.0001 

Year 36 288 82.668 <.0001 

Treat:Year 108 288 7.676 <.0001 

Yield stability 

Intercept 1 6 3754.533 <.0001 

Treat 3 6 23.818 0.001 

Annual grain yield 

1981 

Intercept 1 6 6239.273 <.0001 

Treat 3 6 464.048 <.0001 

1982 

Intercept 1 6 3651.322 <.0001 

Treat 3 6 375.680 <.0001 

1983 

Intercept 1 6 7187.887 <.0001 

Treat 3 6 185.282 <.0001 

1984 

Intercept 1 6 243602.600 <.0001 

Treat 3 6 2504.350 <.0001 

1985 

Intercept 1 6 3329.482 <.0001 

Treat 3 6 187.695 <.0001 

1986 

Intercept 1 6 2685.992 <.0001 

Treat 3 6 66.113 <.0001 

1987 

Intercept 1 6 786.944 <.0001 

Treat 3 6 113.589 <.0001 

1988 

Intercept 1 6 2536.643 <.0001 

Treat 3 6 141.381 <.0001 

1989 

Intercept 1 6 1669.506 <.0001 

Treat 3 6 39.490 <.0001 

1990 

Intercept 1 6 4806.172 <.0001 

Treat 3 6 99.035 <.0001 

1991 

Intercept 1 6 11936.521 <.0001 

Treat 3 6 792.431 <.0001 

1992 

Intercept 1 6 243.842 <.0001 

Treat 3 6 78.247 <.0001 

1993 

Intercept 1 6 6238.813 <.0001 

Treat 3 6 79.390 <.0001 

1994 

Intercept 1 6 2777.719 <.0001 

Treat 3 6 96.992 <.0001 

1995 

Intercept 1 6 820.269 <.0001 

Treat 3 6 116.208 <.0001 

1996 Intercept 1 6 6664.571 <.0001 



4 

 

Treat 3 6 133.910 <.0001 

1997 

Intercept 1 6 3677.617 <.0001 

Treat 3 6 500.585 <.0001 

1998 

Intercept 1 6 2202.641 <.0001 

Treat 3 6 599.371 <.0001 

1999 

Intercept 1 6 1834.578 <.0001 

Treat 3 6 99.031 <.0001 

2000 

Intercept 1 6 2030.083 <.0001 

Treat 3 6 89.557 <.0001 

2001 

Intercept 1 6 1084.485 <.0001 

Treat 3 6 28.961 0.001 

2002 

Intercept 1 6 2415.187 <.0001 

Treat 3 6 246.450 <.0001 

2003 

Intercept 1 6 9180.642 <.0001 

Treat 3 6 185.903 <.0001 

2004 

Intercept 1 6 5187.608 <.0001 

Treat 3 6 130.523 <.0001 

2005 

Intercept 1 6 9563.534 <.0001 

Treat 3 6 65.385 <.0001 

2006 

Intercept 1 6 4634.341 <.0001 

Treat 3 6 126.818 <.0001 

2007 

Intercept 1 6 8673.201 <.0001 

Treat 3 6 155.352 <.0001 

2008 

Intercept 1 6 6406.287 <.0001 

Treat 3 6 159.365 <.0001 

2009 

Intercept 1 6 2043.649 <.0001 

Treat 3 6 145.909 <.0001 

2010 

Intercept 1 6 7093.342 <.0001 

Treat 3 6 116.179 <.0001 

2011 

Intercept 1 6 202.463 <.0001 

Treat 3 6 40.532 <.0001 

2012 

Intercept 1 6 6989.801 <.0001 

Treat 3 6 157.752 <.0001 

2013 

Intercept 1 6 3304.528 <.0001 

Treat 3 6 68.097 <.0001 

2014 

Intercept 1 6 2553.496 <.0001 

Treat 3 6 64.234 <.0001 

2015 

Intercept 1 6 1089.135 <.0001 

Treat 3 6 43.236 <.0001 

2016 

Intercept 1 6 2670.645 <.0001 

Treat 3 6 41.697 <.0001 

2017 

Intercept 1 6 1550.818 <.0001 

Treat 3 6 84.541 <.0001 

numDF, numerator degree of freedom. denDF, denominator degree of freedom. Linear mixed-effects 
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models were conducted when all year observations are pooled together or separately for each year. 

For all observations, mineral and manure fertilization, year and their interactions were considered as 

fixed factors, while block and plot were considered as random factors. For observations from each 

year, mineral and manure fertilization was considered as fixed factors, while block and plot were 

considered as random factors.  
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Table S2. Linear mixed-effects models of the effects of mineral and manure fertilization on soil 

pH, soil EC, available nitrogen, available phosphorus, available potassium, ammonium, 

nitrate, and ammonium:nitrate. 

Variable Treat numDF denDF F p 

Soil pH 

Intercept 1 6 31726.400 <.0001 

Treat 3 6 10.250 0.009 

Soil EC 

Intercept 1 6 588.000 <.0001 

Treat 3 6 11.783 0.006 

Available nitrogen 

Intercept 1 6 5200.900 <.0001 

Treat 3 6 35.666 <.0001 

Available phosphorus 

Intercept 1 6 8395.121 <.0001 

Treat 3 6 3456.947 <.0001 

Available potassium 

Intercept 1 6 9244.472 <.0001 

Treat 3 6 145.946 <.0001 

Ammonium 

Intercept 1 6 638.556 <.0001 

Treat 3 6 83.250 <.0001 

Nitrate 

Intercept 1 6 1318.078 <.0001 

Treat 3 6 132.861 <.0001 

Ammonium:Nitrate 

Intercept 1 6 60.802 <.0001 

Treat 3 6 35.617 <.0001 

numDF, numerator degree of freedom. denDF, denominator degree of freedom. Linear mixed-effects 

models were conducted, mineral and manure fertilization was considered as fixed factor, while block 

and plot were considered as random factor.  
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Table S3. Linear mixed-effects models of the effects of mineral and manure fertilization on 

microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), MBC:MBN, soil organic 

carbon (SOC), soil total nitrogen (TN), and SOC:TN. 

Variable Treat numDF denDF F p 

Microbial biomass carbon 

Intercept 1 6 3770.705 <.0001 

Treat 3 6 107.626 <.0001 

Microbial biomass nitrogen 

Intercept 1 6 396.506 <.0001 

Treat 3 6 3.706 0.081 

MBC:MBN 

Intercept 1 6 303.800 <.0001 

Treat 3 6 8.044 0.016 

Soil organic carbon 

Intercept 1 6 5342.673 <.0001 

Treat 3 6 31.604 0.001 

Soil total nitrogen 

Intercept 1 6 16905.457 <.0001 

Treat 3 6 366.784 <.0001 

SOC:TN 

Intercept 1 6 6325.676 <.0001 

Treat 3 6 1.506 0.306 

numDF, numerator degree of freedom. denDF, denominator degree of freedom. Linear mixed-effects 

models were conducted, mineral and manure fertilization was considered as fixed factor, while block 

and plot were considered as random factor.  
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Table S4. Linear mixed-effects models of the effects of mineral and manure fertilization on soil 

bacterial richness, diversity and community composition. 

Variable Treat numDF denDF F p 

OTU 

Intercept 1 6 235.061 <.0001 

Treat 3 6 2.489 0.158 

Chao1 

Intercept 1 6 197.466 <.0001 

Treat 3 6 2.549 0.152 

Shannon 

Intercept 1 6 50238.150 <.0001 

Treat 3 6 1.770 0.252 

Simpson 

Intercept 1 6 81508496.000 <.0001 

Treat 3 6 4.000 0.057 

Proteobacteria 

Intercept 1 6 1562.572 <.0001 

Treat 3 6 0.973 0.465 

Acidobacteria 

Intercept 1 6 595.911 <.0001 

Treat 3 6 0.157 0.921 

Chloroflexi 

Intercept 1 6 1799.097 <.0001 

Treat 3 6 0.657 0.608 

Nitrospirae 

Intercept 1 6 174.652 <.0001 

Treat 3 6 2.122 0.199 

Firmicutes 

Intercept 1 6 12.746 0.012 

Treat 3 6 1.540 0.298 

Bacteroidetes 

Intercept 1 6 116.352 <.0001 

Treat 3 6 4.285 0.062 

Actinobacteria 

Intercept 1 6 221.061 <.0001 

Treat 3 6 17.901 0.002 

Chlorobi 

Intercept 1 6 930.577 <.0001 

Treat 3 6 0.802 0.537 

Gemmatimonadetes 

Intercept 1 6 88.579 <.0001 

Treat 3 6 10.538 0.008 

Verrucomicrobia 

Intercept 1 6 175.346 <.0001 

Treat 3 6 0.299 0.825 

numDF, numerator degree of freedom. denDF, denominator degree of freedom. Linear mixed-effects 

models were conducted, mineral and manure fertilization was considered as fixed factor, while block 

and plot were considered as random factors.  
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Table S5. Mantel analysis of the relationship between bacterial community structure and soil 

characteristics, grain yield and yield stability. 

Variable 
OTU Shannon Simpson Chao1 Community 

R P R P R P R P R P 

AN 0.080 0.279 0.021 0.413 -0.086 0.674 0.110 0.203 0.073 0.306 

NH4
+ 0.006 0.419 0.174 0.187 -0.059 0.543 0.106 0.226 -0.101 0.657 

NO3
- -0.027 0.520 0.120 0.242 0.053 0.312 0.033 0.383 -0.085 0.653 

NH4
+:NO3

- 0.055 0.336 0.140 0.228 -0.060 0.520 0.161 0.165 -0.108 0.637 

AP 0.186 0.118 0.162 0.147 -0.111 0.769 0.235 0.057 -0.027 0.523 

AK 0.171 0.131 0.145 0.164 -0.043 0.553 0.143 0.149 -0.081 0.286 

MBC 0.094 0.221 0.157 0.141 -0.039 0.544 0.111 0.182 0.167 0.126 

MBN 0.425 0.023 0.532 0.009 -0.157 0.804 0.282 0.050 0.016 0.400 

MBC:MBN 0.077 0.611 -0.054 0.547 -0.200 0.915 0.032 0.368 0.006 0.436 

pH -0.032 0.550 -0.203 0.979 -0.143 0.900 0.078 0.237 0.148 0.138 

EC 0.115 0.257 0.101 0.278 -0.120 0.705 0.098 0.243 -0.100 0.641 

SOC 0.283 0.033 0.102 0.210 -0.040 0.547 0.262 0.039 0.174 0.102 

TN 0.228 0.076 0.181 0.123 -0.062 0.612 0.248 0.049 0.096 0.247 

SOC:TN 0.072 0.303 -0.220 0.884 0.245 0.120 -0.134 0.817 0.543 0.006 

Yield 0.393 0.019 -0.107 0.693 -0.052 0.556 0.354 0.013 0.118 0.235 

Yield 

stability 
0.228 0.095 -0.149 0.803 0.236 0.083 0.236 0.083 -0.057 0.579 

AN, available nitrogen. AP, available nitrogen. AK, available nitrogen. MBC, microbial biomass 

carbon. MBN, microbial biomass nitrogen. SOC, soil organic carbon. TN, total nitrogen. 
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Figure S1. The study site and the experimental design.  
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Figure S2. Daily (A) precipitation and (B) temperature at the study site from 1981 to 2017.  
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Figure S3. Relationship between annual grain yield and (A) annual precipitation and (B) mean 

annual temperature. There were four treatments, no application of fertilizer (Control), application 

of nitrogen-phosphorus-potassium fertilizer in early rice (NPK), NPK plus green manure in early rice 

(M1), NPK plus green manure in early rice and farmyard manure in late rice and rice straw return in 

winter (M2). 
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Figure S4. Relationship between fertilization-induced changes in annual grain yield and (A) 

annual precipitation and (B) mean annual temperature. There were four treatments, no 

application of fertilizer (Control), application of nitrogen-phosphorus-potassium fertilizer in early 

rice (NPK), NPK plus green manure in early rice (M1), NPK plus green manure in early rice and 

farmyard manure in late rice and rice straw return in winter (M2). 
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Figure S5. Correlations between mineral- and manure-induced changes between the studied 

variables. AN, available nitrogen. AP, available nitrogen. AK, available nitrogen. MBC, microbial 

biomass carbon. MBN, microbial biomass nitrogen. SOC, soil organic carbon. TN, total nitrogen. 

YS, yield stability. 


