File S1 Statistical Analyses

File S1A. For analysis of the CSC data, the Restricted Maximum Likelihood (REML) and the linear mixed model approach procedures were performed in GenStat for Windows 21th Edition (VSN International Ltd., Hemel Hempstead, U.K.) for shoot biomass and %N of the faba bean grown in the four-year rotation (2012–2015), as described previously by Freitag et al. (2018). In short, Year+Variety*Treatment effects were ﬁtted as ﬁxed effects. Terms: Year.Variety + Year.Treatment + Year.Strip.Treatment (accounting for differences between strips in a half-field) + Year.Rep (accounting for trends down the field) + Year.Treatment.Rep (accounting for trends down a half-field of the field halves) were included as random effects. As the grain yield, grain N and residue N were only measured from whole strips, the random effects of Variety, Rep and Strip were excluded in REML for these variables. As there were changes to the selection of varieties grown for ﬁeld beans between years, cv. Maris Bead, which was present in only one year (2012), was excluded from the analysis. Multiple comparisons were carried out using Fisher's unprotected least significant difference test. Below are the command lines used:

Genstat 64-bit Release 21.1 ( PC/Windows 8-10) 18 August 2021 12:32:10
Copyright 2021, VSN International Ltd.  
Registered to: The James Hutton Institute
 
 	________________________________________
 
 	Genstat Twenty-first Edition
 	Genstat Procedure Library Release PL29.1
 	________________________________________

Response variate: "Shoot_Biomass_gm-2"
VCOMPONENTS [FIXED=Year+Variety*Treatment; FACTORIAL=9] RANDOM=Year.Variety + Year.Treatment + Year.Strip.Treatment \
+ Year.Rep + Year.Treatment.Rep; INITIAL=1,1,1,1,1; CONSTRAINTS=none,none,none,none,\
none
REML [PRINT=model,components,waldTests; FMETHOD=automatic; MVINCLUDE=*; METHOD=AI;\
 MAXCYCLE=30] Shoot_Biomass_g_m_2; SAVE=_remlsave

VMCOMPARISON [PRINT=comparison,letter; METHOD=fulsd; FACTORIAL=9; DIRECTION=ascending;\
 PROB=0.05; STUDENTIZE=no; DFMETHOD=fddf; FMETHOD=automatic] Year


Response variate: "Dry_Grain_Yield"
Response variate: "Grain_N"
Response variate: "N_in_residues"
VCOMPONENTS [FIXED=Constant + Year + Variety + Treatment + Variety.Treatment; FACTORIAL=9] RANDOM=Year.Variety + Year.Treatment; INITIAL=1,1; CONSTRAINTS=none,none
REML [PRINT=model,components,waldTests; FMETHOD=automatic; MVINCLUDE=*; METHOD=AI;\ MAXCYCLE=30] Grain_N_kg_ha_1; SAVE=_remlsave
VMCOMPARISON [PRINT=comparison,letter; METHOD=fulsd; FACTORIAL=9; DIRECTION=ascending;\
 PROB=0.05; STUDENTIZE=no; DFMETHOD=fddf; FMETHOD=automatic] Year


Trellis plots in Supplementary Figure 2 were generated in GenStat for Windows 21th Edition (VSN International Ltd., Hemel Hempstead, U.K.) using the command lines below:

"Shoot_Biomass_gm-2"
TRELLIS [FIRSTPICTURE=top; GROUPS=Year; PENGROUP=Treatment; USEAXES=style; YPEN=same; TMETHOD=labels; TITLE='Shoot Biomass (m~g{-2}) vs Variety']\
         Y=Shoot_Biomass_gm-2; X=Variety; METHOD=mean,point

An analysis of variance (ANOVA) and Bonferroni test in GenStat for Windows 20th Edition (VSN International Ltd., Hemel Hempstead, U.K.) were used to adjust for multiple comparisons in assessment of faba bean nodule and root dry weight. Means and standard errors were calculated for each year, variety of faba bean, and treatment. However, as different varieties were used each year, the means for years were not statistically compared. Below are the command lines used:

"One-way design"
DELETE [REDEFINE=yes] _ibalance
A2WAY [PRINT=aovtable,information,means; TREATMENTS=Variety; FPROB=yes; PSE=diff;\
PLOT=*; COMBINATIONS=present; EXIT=_ibalance] Roots_dry_weight_g_plant_1; SAVE=_a2save
IF _ibalance.eq.0 .OR. _ibalance.eq.1
DELETE [REDEFINE=yes] _mean, _rep, _var, _rdf
AKEEP [SAVE=_a2save['save']] Variety; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid
AKEEP [SAVE=_a2save['save']] #_resid; DF=_rdf
AMCOMPARISON [PRINT=letter; METHOD=bonferroni; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
SAVE=_a2save['save']] Variety
ENDIF
SET [IN=*]
"One-way design"
DELETE [REDEFINE=yes] _ibalance
A2WAY [PRINT=aovtable,information,means; TREATMENTS=Treatment; FPROB=yes; PSE=diff;\
PLOT=*; COMBINATIONS=present; EXIT=_ibalance] Roots_dry_weight_g_plant_1; SAVE=_a2save
IF _ibalance.eq.0 .OR. _ibalance.eq.1
DELETE [REDEFINE=yes] _mean, _rep, _var, _rdf
AKEEP [SAVE=_a2save['save']] Treatment; MEAN=_mean; REP=_rep; VARIANCE=_var; RTERM=_resid
AKEEP [SAVE=_a2save['save']] #_resid; DF=_rdf
AMCOMPARISON [PRINT=letter; METHOD=bonferroni; DIRECTION=ascending; PROB=0.05; FACTORIAL=9;\
SAVE=_a2save['save']] Treatment

File S1B. The ANOVA analysis of the qPCR data was carried out with R version 3.5.1 (R core Team 2013) implemented on RStudio version 1.1456 (R Studio Team 2015). When the ANOVA results were significant, package multcomp version 1.4.10 (Hothorn et al. 2008) was used to carry out the post-hoc pairwise comparison Tukey’s Honest Significant Difference (Tukey’s HSD) test for comparing means between fields. Additionally, packages dplyr version 0.8.3 (Wickham et al. 2019) and ggplot2 version 3.1.0 (Wickham 2016) were used for data handling and visualisation, respectively. Script used below:

rm(list = ls())

library(ggplot2)
library(dplyr)
library(multcomp)

data<- read.csv("CSC_qPCR_data.csv")


# Summarise data to the average concentration of the three technical replicates of each DNA extraction
Tabdat<- data %>% 
  group_by(Sample,Year = as.factor(Year),Field,Half,Management) %>%
  summarise(Mean_16S = mean(Soil_corrected_16S), Mean_nodD = mean(Soil_corrected_nodD))

Tabdat<- mutate(Tabdat, Ratio = Mean_nodD/Mean_16S) # Calculate the ratio nodD/16S rRNA
Field_half<- as.factor(paste(Tabdat$Year,Tabdat$Field,Tabdat$Half, sep = ""))
Fact.Year <-as.factor(Tabdat$Year)
Tabdat<- data.frame(Tabdat, Field_half, Fact.Year)
rm(Field_half, Fact.Year, data) # remove objects not needed any longer

# Test normality

shapiro.test(log(Tabdat$Mean_16S))
shapiro.test(log(Tabdat$Mean_nodD))
shapiro.test(log(Tabdat$Ratio))


# Create a dataset containging the data from each year
Tabdat2012<- filter(Tabdat, Fact.Year == 2012)
Tabdat2013<- filter(Tabdat, Fact.Year == 2013)
Tabdat2014<- filter(Tabdat, Fact.Year == 2014)
Tabdat2015<- filter(Tabdat, Fact.Year == 2015)

# Run an ANOVA on each annual dataset for each variable explained by management

model_16S2012<- lm(log(Mean_16S)~Management, data = Tabdat2012)
model_nodD2012<- lm(log(Mean_nodD)~Management, data = Tabdat2012)
model_ratio2012<- lm(log(Ratio)~Management, data = Tabdat2012)

model_16S2013<- lm(log(Mean_16S)~Management, data = Tabdat2013)
model_nodD2013<- lm(log(Mean_nodD)~Management, data = Tabdat2013)
model_ratio2013<- lm(log(Ratio)~Management, data = Tabdat2013)

model_16S2014<- lm(log(Mean_16S)~Management, data = Tabdat2014)
model_nodD2014<- lm(log(Mean_nodD)~Management, data = Tabdat2014)
model_ratio2014<- lm(log(Ratio)~Management, data = Tabdat2014)

model_16S2015<- lm(log(Mean_16S)~Management, data = Tabdat2015)
model_nodD2015<- lm(log(Mean_nodD)~Management, data = Tabdat2015)
model_ratio2015<- lm(log(Ratio)~Management, data = Tabdat2015)

# Run an ANOVA on the full dataset to compare among fields

model_16S<- lm(log(Mean_16S)~Fact.Year, data = Tabdat)
model_nodD<- lm(log(Mean_nodD)~Fact.Year, data = Tabdat)
model_ratio<- lm(log(Ratio)~Fact.Year, data = Tabdat)

# Run Tukey HSD on significant models

Tukey_16S<- summary(glht(model_16S, linfct=mcp(Fact.Year="Tukey")))
Tukey_16S.cld <- cld(Tukey_16S)
labels16S<- Tukey_16S.cld[["mcletters"]][["Letters"]] # Extraction of letter vector

Tukey_nodD<- summary(glht(model_nodD, linfct=mcp(Fact.Year="Tukey")))
Tukey_nodD.cld <- cld(Tukey_nodD)
labelsnodD<- Tukey_nodD.cld[["mcletters"]][["Letters"]] # Extraction of letter vector

Tukey_ratio<- summary(glht(model_ratio, linfct=mcp(Fact.Year="Tukey")))
Tukey_ratio.cld <- cld(Tukey_ratio)
labelsratio<- Tukey_ratio.cld[["mcletters"]][["Letters"]] # Extraction of letter vector

#### Plot the figure ####

# Create a vector for each variable with the maximum values of each variable
Over16S<- c()
OvernodD<- c()
Overratio<- c()
Yearlevels<- levels(Tabdat$Fact.Year)
for (i in 1:nlevels(Tabdat$Fact.Year)){
  Over16S[i]<- max(Tabdat$Mean_16S[Tabdat$Fact.Year==Yearlevels[i]])
  OvernodD[i]<- max(Tabdat$Mean_nodD[Tabdat$Fact.Year==Yearlevels[i]])
  Overratio[i]<- max(Tabdat$Ratio[Tabdat$Fact.Year==Yearlevels[i]])
}

# Plot the data and Tukey letters

ggplot(Tabdat, aes(x=Fact.Year,y=Mean_16S, fill = Management)) +
  geom_boxplot(color= "black", position=position_dodge(0.9))+
  scale_fill_manual(values=c("bisque3", "paleturquoise2"))+
  labs(title = "Quantificaiton of Rleg 16S rRNA marker per gram of dry soil", x = "Year", y = bquote("Copy No Rleg 16S rRNA g dry "~soil^-1), fill = "Production") +
  scale_y_continuous(labels = function(x) format(x, scientific = TRUE)) +
  annotate(geom = "text", x = c(1:4),y = Over16S, label = labels16S, size = 5) +
  theme_bw()

OvernodD<-c(OvernodD[1]-750, OvernodD[2], OvernodD[3], OvernodD[4])
ggplot(Tabdat, aes(x=Fact.Year,y=Mean_nodD, fill = Management)) +
  geom_boxplot(color= "black", position=position_dodge(0.9))+
  scale_fill_manual(values=c("bisque3", "paleturquoise2"))+
 labs(title = "Quantificaiton of Rlv" ~italic(nod) ~"D marker per gram of dry soil", x = "Year", y = bquote("Copy No Rlv " ~italic(nod)~"D g dry "~soil^-1), fill = "Production") +
  scale_y_continuous(labels = function(x) format(x, scientific = TRUE)) +
  annotate(geom = "text", x = c(1:4),y = OvernodD, label = labelsnodD, size = 5) +
  theme_bw()

Overratio<-c(Overratio[1]+0.004, Overratio[2], Overratio[3], Overratio[4])
ggplot(Tabdat, aes(x=Fact.Year,y=Ratio, fill = Management)) +
  geom_boxplot(color= "black", position=position_dodge(0.9))+
  scale_fill_manual(values=c("bisque3", "paleturquoise2"))+
  labs(title = bquote("Ratio of Rlv"~italic(nod)~ "D Rleg 16S "~rRNA^-1), x = "Year", y = bquote("Rlv"~italic(nod)~ "D Rleg 16S "~rRNA^-1), fill = "Production")+
  annotate(geom = "text", x = c(1:4),y = Overratio, label = labelsratio, size = 5) +
  theme_bw()


