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Plant elemental composition can indicate resource limitation, and changes in key elemental ratios (e.g. plant C:N ratios) 
can influence rates including herbivory, nutrient recycling, and pathogen infection. Although plant stoichiometry can 
influence ecosystem-level processes, very few studies have addressed whether and how plant C:N stoichiometry changes  
with plant diversity and composition. Here, using two long-term experimental manipulations of plant diversity (Jena  
and Cedar Creek), we test whether plant richness (species and functional groups) or composition (functional group  
proportions) affects temporal trends and variability of community-wide C:N stoichiometry. 

Site fertility determined the initial community-scale C:N ratio. Communities growing on N-poor soil (Cedar Creek) 
began with higher C:N ratios than communities growing on N-rich soil (Jena). However, site-level plant C:N ratios  
converged through time, most rapidly in high diversity plots. In Jena, plant community C:N ratios increased. This tempo-
ral trend was stronger with increasing richness. However, temporal variability of C:N decreased as plant richness increased. 
In contrast, C:N decreased over time at Cedar Creek, most strongly at high species and functional richness, whereas the 
temporal variability of C:N increased with both measures of diversity at this site. 

Thus, temporal trends in the mean and variability of C:N were underlain by concordant changes among sites in  
functional group proportions. In particular, the convergence of community-scale C:N over time at these very different sites 
was mainly due to increasing proportions of forbs at both sites, replacing high mean C:N (C4 grasses, Cedar Creek) or low 
C:N (legumes, Jena) species. Diversity amplified this convergence; although temporal trends differed in sign between the 
sites, these trends increased in magnitude with increasing species richness. Our results suggest a predictive mechanistic link 
between trends in plant diversity and functional group composition and trends in the many ecosystem rates that depend 
on aboveground community C:N.

Plant nutrient concentration and ratios in plant tissues are 
important predictors of ecological interactions and eco-
system processes. The proportion of primary production 
consumed by herbivores tends to increase with increasing 
nitrogen (N) and phosphorus (P) concentration of plant 
material (Cebrian and Lartigue 2004). Heterotroph to auto-
troph biomass ratio also increases with greater plant nutrient 

concentration (Cebrian et al. 2009) and the decomposability 
of plant material entering the detrital food web increases with 
increasing N and P contents (Cebrian and Lartigue 2004).  
The elemental concentration of N and P in plant tissues  
is a powerful trait predicting trophic structure and trans-
fer of matter and energy across ecosystems (Cebrian 1999,  
Shurin et al. 2006, Hillebrand et al. 2009). Potential changes 

We compared the effect of plant diversity on the temporal dynamics of community stoichiometry in two 
long-term grassland diversity experiments: the Cedar Creek and Jena Experiments. Changes in community 
C:N ratios were accelerated by increasing diversity at both sites, but in opposite directions depending on 
soil fertility. Stoichiometry changes were driven by shifts of functional group composition differing in their 
elemental compositions, the identity of the functional groups depending on the site. Thus, we highlighted that 
community turnover constrained the effect of diversity on plant stoichiometry at both sites.
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in elemental concentration in plants may reflect anthro-
pogenic alterations of biogeochemical cycles, climate or  
biodiversity. For example, previous studies have addressed 
how increases in atmospheric carbon concentrations could 
affect plant stoichiometry and thus human nutrition (Loladze 
2002) and how stoichiometry and temperature might be 
linked to plant decomposition rates (Ott et al. 2012).

Across terrestrial ecosystems, elemental concentration 
is generally measured for individual plant species (Reich 
and Oleksyn 2004, He et al. 2008), which are sampled  
individually and which often differ in their chemical  
composition (Mattson 1980). However, in key studies of 
terrestrial plant communities, community-wide averages of 
plant chemical composition have been generated (Cebrian 
1999, McGroddy et al. 2004, Cebrian et al. 2009) and used 
to better understand plant–herbivore interactions (Cebrian 
1999), aboveground carbon and nitrogen storage (De 
Deyn et al. 2009, Bessler et al. 2012), and trophic structure 
(Cebrian et al. 2009). Although these studies have been infor-
mative for understanding the flow and storage of nutrients 
in foodwebs, they have not provided significant insights into 
the role that biodiversity might have by influencing temporal 
trends of community-wide nutrient concentration.

Although biodiversity influences productivity and  
variability in terrestrial plant communities (Tilman et al. 
2001, 2006) and affects ecosystem functioning (Cardinale 
et al. 2011), we have little understanding of whether and 
how changes in biodiversity or community composition 
are ultimately associated with changes in community-scale 
nutrient concentration. A recent study shows that changes 
in plant species diversity and composition affected changes 
in community-scale aggregate nutrient ratios (Abbas et al. 
2013). In particular, presence of legumes contributed 
to increased plant N-concentration whereas presence of 
grasses increased C:nutrient ratios. C:P and N:P ratios also 
increased with increasing species richness, whereas species-
poor communities showed more variable tissue stoichiom-
etry than species-rich communities. Diverse communities 
showed lower temporal fluctuations in elemental concen-
tration, consistent with previous findings which show that 
species-rich assemblages can buffer temporal fluctuations in 
aggregate properties (Tilman et al. 2006, Weigelt et al. 2008, 
Borer et al. 2012, Hautier et al. 2014).

Here, we quantify the temporal dynamics of plant  
chemical composition (temporal trends in C:N ratios and 
C:N variability) and relate it to changes in plant diversity 
and functional composition. To do this, we analyze data 
from two well-known grassland biodiversity experiments 
which have been running for more than 10 years: Cedar 
Creek (USA) and Jena (Germany). Although these studies 
have a similar range of plot-scale species diversity, they were 
established on very different soils; Cedar Creek is charac-
terized by nutrient-poor sandy soil whereas the alluvial soils 
of Jena are rich in nutrients. We use realized proportions of  
different functional groups to connect stoichiometric trends 
to the stability of the community composition over time.

We measure the C:N ratio of aboveground plant biomass 
from these two plant diversity experiments to address the  
following questions: (1) is aboveground tissue C:N ratio 
related to soil fertility? We expect plant C:N ratios be higher 
at Cedar Creek (low soil fertility) than in Jena (high soil 

fertility) mainly because soil fertility can influence plant 
mineral nutrition (Han et al. 2005, Ordoñez et al. 2009, 
Amatangelo et al. 2014). (2) Do C:N ratios of both experi-
ments converge over time? We expect that plant C:N ratios 
will decrease at Cedar Creek but increase in Jena over time. 
(3) Do diverse communities show greater changes in C:N 
ratios over time compared to low diversity communities? 
Greater biodiversity relates to higher biomass production 
(Tilman et al. 2001, Marquard et al. 2009) and greater plant 
height (Schmidtke et al. 2010), potentially leading to dilu-
tion of the available nutrient pool in plant biomass and larger 
investment in C-rich stem structures. (4) Does C:N variabil-
ity decrease with time and species diversity? Previous stud-
ies show greater temporal stability in community biomass 
with increasing plant species richness (Tilman et al. 2006, 
Hautier et al. 2014); the variability of C:N ratios in plant 
biomass may have a similar relationship with plant diversity. 
(5) Are changes in C:N means and variability at each site 
better predicted by species richness, functional richness or 
functional group composition?

Material and methods

The Jena experiment

The Jena Experiment was established in 2002 on the 
floodplain of the river Saale in Jena (Thuringia, Germany, 
50°55′N, 11°35′E, 130 m a.s.l.) (Roscher et al. 2004). 
Mean annual air temperature at the nearest meteorological 
station, 3 km south of the field site, is 9.3°C (1961–1990), 
and mean annual precipitation amounts to 587 mm (Kluge 
and Müller-Westermeier 2000). The experimental design 
is described in detail by Roscher et al. (2004); our analy-
sis focuses on the main experiment, which comprises 82 
plots of 20  20 m size. The soil of the experimental site is 
an Eutric Fluvisol (IUSS Working Group WRB 2014). As 
the soil texture ranges from sandy loam close to the river 
Saale to silty clay loam with increasing distance from the 
river, the plots are divided into four blocks running paral-
lel to the river. The species pool of 60 perennial species 
in total comprises species characteristic for central Euro-
pean seminatural, species-rich mesophilic grassland com-
munities. The species were divided into four functional 
groups (16 grasses, 12 small herbs, 20 tall herbs and 12 
legumes) according to the results of a cluster analysis of 
a literature-based matrix of functional traits. Plant com-
munities were established in 2002 for six different levels 
of species richness (1, 2, 4, 8, 16 and 60), whereby the 
random selection was constrained in a way that ensures 
that the presence of each functional group is minimally 
confounded with species number. Each species-richness 
level was replicated on 16 plots with different species 
composition, only species mixtures with 16 and 60 spe-
cies were replicated on 14 and 4 plots, respectively. The 
number of monoculture replicates was reduced to 15 in 
2004 and 14 in 2007. The plots were mown twice a year, 
in June and September, and mown material was removed. 
Additionally, plots were weeded by hand at the beginning 
of the growing season and after first mowing to maintain 
the sown species combinations.
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Aboveground biomass was harvested from 2003 to 2011, 
except in 2004 and 2009, at estimated peak standing bio-
mass in late August prior to mowing. In four rectangles of 
20  50 cm size located randomly in the plot (leaving out 
the outer 70 cm of the plot), plants were clipped at 3 cm 
above ground level. After harvesting and sorting into sown 
species, species which were not sown in a particular plot and 
detached dead material, the biomass was dried at 70°C for at 
least 48 h. After weighing the biomass, only the sown species 
of each plot were pooled, shredded and ground for chemi-
cal analyses. N and C concentrations were determined by an 
elemental analyzer.

The Cedar Creek experiment

The Cedar Creek biodiversity experiment was established  
in a former agricultural field at the Cedar Creek Ecosystem 
Science Reserve, a site near East Bethel, MN, USA. This 
region is characterized by cold winters (mean January tem-
perature is –10°C), hot summers (mean July temperature is 
22.2°C), and precipitation (660 mm year1) which is spread  
fairly evenly throughout the year. The soils in this field  
are sandy, nutrient poor mixed Haplic Arenosol (IUSS 
Working Group WRB 2014). In 1993, the field was treated 
with herbicide, burned and plowed to remove the seed-
bank stored in the top 6–8 cm of soil. In 1994 the field was 
divided into 168 – 13  13 m plots which were seeded with 
1, 2, 4, 8 or 16 plant species from five functional groups (C3 
grasses, C4 grasses, forbs, legumes and woody species). The 
plant composition in each plot was randomly drawn from a 
pool of 18 grassland savannah species. Plots were weeded 2– 
4 times during the growing season to maintain the experi-
mental diversity gradient and burned every spring, before 
new growth occurred, to mimic the natural fire regime in this 
system and to prevent aboveground litter accumulation.

Plant concentration of C and N, as well as the corre-
sponding molar ratios of C:N, were measured once per 
year from 1996–2000 and again in 2002. To do this, all 
vegetation rooted in a 10 cm wide strip was clipped 1– 
2 cm above ground level in late July–early August, at  
the time of peak biomass. Harvests ranged in length from 
2–6 m, depending on year of harvest and clipping locations 
in the plots were rotated each year. Total plant biomass 
from each plot was dried at 40°C, ground in a standard 
Wiley mill, stirred to homogenize, then a sub-sample was 
re-ground in a Wiley mini-mill using a 20 mesh screen. 
Final ground samples were placed in labelled glass scintil-
lation vials and re-dried prior to lab analysis for carbon 
and nitrogen concentrations. In contrast to Jena, the bio-
mass analysed for C and N contained both sown and not 
sown species. N and C concentrations were determined 
using elemental analyzers.

Statistical analyses

Molar C:N ratio were log-transformed to increase normal-
ity and homoscedasticity. For both Jena and Cedar Creek 
experiments, data were divided into subsets of equal sown 
richness levels, resulting in respectively six and five subsets 
for species richness or four and five subsets for functional 

richness. Subsets thus contain time series of all plots with 
identical sown richness. For each richness level subset, we 
generated a linear regression of C:N ratios over time. We 
used the slope of this regression as a response variable indi-
cating the temporal trend (TT) of mean C:N. Afterwards, 
we used the residuals of the TT regressions to obtain, for 
each richness subset level, a second response variable indi-
cating the temporal trend in variability (TV) of C:N ratios. 
Contrary to the commonly used coefficient of variation 
(Tilman 1996), which is the standardized absolute variabil-
ity in a time series, TV focuses on the evolution of relative 
variability over time. Thus, TV can reflect that the vari-
ability around the trend increases (Fig. 1a), remains stable  
(Fig. 1b) or decreases (Fig. 1c) over time. To this aim, we 
plotted the absolute value of the residuals against time and 
used the slope of these new regressions as an indicator of TV 
(Fig. 1). For Jena, we also calculated the TV for monocul-
tures of each functional group. This could not be done for 
Cedar Creek, as monocultures C:N data corresponded to a 
mixture of sown species and weeds. As TT and TV are both 
slopes, we always associated them with their corresponding 
standard errors.

In order to answer question 5 we analyzed the changes in 
relative community composition over time by calculating 
temporal trends of functional group proportions analo-
gous to TT for C:N ratios. For Jena, only sown species 
were used in proportion calculations, whereas in Cedar 
Creek all species were taken into account. This matched 
exactly the community for which average C:N were ana-
lyzed, such that in each site the trends we compare for C:N  
ratios and functional group proportions are measured  
congruently on the same plant communities. The propor-
tions of Jena were calculated using biomass percentage data. 
At Cedar Creek, the proportions of the period 1996–2000 
were calculated based on percent cover whereas biomass 
data were used for the year 2002. These different measures 
of community composition did not influence the observed 
trends, led to smaller standard errors in the estimation of 
slopes, and allowed us to include the final point in the 
Cedar Creek time series, thus strengthening the analysis. 
Supplementary material Appendix 1 Fig. A1 shows the 
results obtained for the restricted period 1996–2000, i.e. 
with proportions obtained only on cover percentage basis, 
for comparison.

All analyses were performed in R ( www.r-project.org ). 
For regressions we used the function ‘gls’ of the package ‘nlme’ 
(Pinheiro et al. 2014) which allowed us to take into account 
the autocorrelation and variance structure in the estimation 
of regression coefficients. Differences of mean C:N between 
sites were tested with a Wilcoxon–Mann–Whitney test using 
the function ‘wilcox.test’ of the package ‘stats’.

Results

Differences of C:N ratios between sites

During the first year of the two experiments, the average 
aboveground biomass C:N ratio across all plots was more 
than two times higher at Cedar Creek (mean C:N  53) 
than in Jena (mean C:N  24) (Fig. 2). This difference 
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Figure 2. Comparison of mean C:N ratios of Cedar Creek and  
Jena, all diversity levels included, for the first and last years of each 
time series. Error bars indicate standard deviations and symbols 
*represent a significant difference (p-value  0.05) between sites 
for a given year.

Figure 1. Graphical representation of the meaning of temporal variability (TV) for the three possible cases: (a) increasing variability, (b) 
constant variability and (c) decreasing variability over time. In the bottom three graphs, dotted lines represent the standard error of slope 
estimates.

diminished over time and plant C:N ratios of both sites con-
verged, but remained significantly higher in Cedar Creek 
(mean C:N  47) than in Jena (mean C:N  35) at the end 
of the study period.

C:N ratios over time

Except for monocultures, the two sites showed opposite TT 
(temporal trend in C:N ratios) at all diversity levels. The 
aboveground biomass C:N ratio in Jena plots increased (see 
positive y-axis values in Fig. 3) and at Cedar Creek C:N 

ratios decreased (negative y-axis values) over time (Fig. 3). 
Despite this difference of trend direction, both sites showed 
a similar response to species and functional group richness: 
with increased plant species diversity, the absolute value of 
the slope increased. Thus, the increase of C:N in Jena and 
the decrease of C:N in Cedar Creek were magnified in plots 
with increasing richness.

At both sites, the richness effects on TV (temporal trend 
in variability of C:N) were opposite to the effects on TT 
(Fig. 4). In Jena, TV decreased with increasing richness 
moving from positive (more variable over time) to nega-
tive (less variable over time) values. Thus more diverse plant 
communities stabilized C:N over time, whereas less diverse 
plots destabilized C:N over time. In contrast, the Cedar 
Creek TV increased with richness, passing from negative to 
positive values at an intermediate richness of eight species or 
four functional groups per plot. At this site, C:N ratios were 
stabilized over time in plots with few species, but it was less 
stable with many plant species. However, high-diverse plots 
at Cedar Creek showed an inversion of this trend (Fig. 4), 
exhibiting negative TV at the highest species and functional 
richness.

Functional group proportions over time

In Jena, the proportion of small herbs increased over time, 
the positive slope becoming stronger with increasing richness 
(Fig. 5). The trend of legume proportions over time was nega-
tive, but also increased with increasing richness. These pat-
terns reflect a major shift in plant community composition 
over time with small herbs replacing legumes, especially at 
higher richness. Thus, proportions remained relatively stable 
at low diversity, but changed more at higher species richness.

A compositional shift also occurred at Cedar Creek and 
primarily involved C4 grasses and forbs. In contrast to the 
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Figure 3. Temporal trends (TT) of C:N ratios for plots of different sown species and functional richness in Jena experiment and  
Cedar Creek. Negative values indicate declining plot-scale C:N ratios among sampling years; positive values indicate an increase over time. 
Vertical bars represent the standard errors of slope estimates.

Figure 4. Temporal variability (TV) of C:N ratios for plots of different sown species and functional richness in Jena experiment and Cedar 
Creek. Negative values indicate declining plot-scale C:N variability among sampling years; positive values indicate an increase over time. 
Vertical bars represent the standard errors of slope estimates.

plant community at Jena, plots with low richness did not 
exhibit stable proportions over time, but C4 grasses replaced 
forbs. This tendency attenuated with increasing richness and 
reversed at highest richness, where forbs slowly replaced C4 
grasses.

The other functional groups (tall herbs and grasses for Jena; 
legumes, C3 grasses and woody for Cedar Creek) showed 

relatively stable proportions over time and the small temporal 
trends did not change along the diversity gradients.

C:N ratios versus functional groups

In Jena, community C:N was positively correlated with  
realized small herb proportions and negatively correlated 
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Figure 5. Temporal trends (TT) of different functional group (FG) proportions for plots of different sown species and functional richness 
in the Jena experiment and Cedar Creek. In Cedar Creek, filled symbols correspond to forbs and open symbols to C4 grasses. In Jena, filled 
symbols correspond to small herbs and open symbols to legumes. Vertical bars represent the standard errors of slope estimates.

Figure 6. Relationship between proportions of functional groups and plot C:N ratios.

with realized legume proportions across all plots and dates 
(Fig. 6). The monocultures of small herbs showed more 
stable C:N variability over time (lower TV) than those of 
legumes (Fig. 7). At Cedar Creek, increasing proportions of 
C4 grasses increased plot C:N, whereas forbs led to decreas-
ing plot C:N. The variance of C:N within these two func-
tional groups also differed: monocultures of C4 grasses (plots 
with 100% of species from this group) had a narrow range 

of C:N whereas monocultures of forbs spanned almost the 
whole range of C:N values observed in Cedar Creek (Fig. 6).

Discussion

Overall, our results show that soil fertility strongly influences 
plant C:N stoichiometry; according to our expectation, 
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Figure 7. Temporal variability (TV) of C:N ratios of monocultures 
of legumes and small herbs in the Jena experiment. Higher values 
indicate higher plot-scale C:N variability among sampling years. 
Vertical bars represent the standard errors of slope estimates.

plant C:N ratios were higher at Cedar Creek (N-poor soils) 
than in Jena (N-rich soils). Although Cedar Creek and Jena 
experiments were initially established on N-poor and N-rich 
soils, respectively, plant C:N ratios converged through time 
at both sites. Specifically, in the Jena experiment plant com-
munity C:N ratios increased through time whereas C:N 
ratios at Cedar Creek decreased across years. These changes 
are concordant with our second expectation that higher spe-
cies numbers on N-poor soils at Cedar Creek would con-
tribute to dilution of the native C4-grass effect on plant 
community stoichiometry and ultimately lead to low C:N 
ratios, whereas higher competition for light on N-rich soils 
in species-rich plots in Jena would lead to increases in plant 
tissue C:N ratios.

Beyond the observed C:N convergence through time  
we found that temporal trends in plant C:N ratios at both 
sites were also magnified at higher species richness. Changes 
in C:N ratios were associated with richness-dependent  
changes in functional group proportions. Thus, our findings 
suggest that the opposing temporal trends (TT) and tem-
poral variability (TV) in community-scale C:N may be due 
to similar underlying mechanisms (i.e. changes in plant  
functional group proportions). Our evidence is that across 
the two experimental sites which differed in edaphic con-
ditions and species composition, shifts in functional group 
composition was the key driver explaining temporal trends 
in our community-scale C:N mean and variance.

The most diverse plots at both sites became progressively 
dominated by forbs, leading to convergence of C:N ratios 
across these very different sites. In Jena, the increase of C:N 
over time (positive TT) parallels the progressive replacement 
of N-rich legumes by small herbs, which have higher C:N 
ratios. The replacement of legumes by forbs in Jena is con-
sistent with previous studies showing the decline of legumes 
with increasing richness (Gubsch et al. 2011, Roscher et al. 
2011). At Cedar Creek, the replacement of N-poor C4 
grasses by forbs explains the correspondent decrease of C:N 
over time (negative TT). By contrast, lower richness plots 
experienced slower temporal change in C:N. In the low-
diverse communities at Cedar Creek, C:N remained stable 

over time (TT  0) in spite of forbs being replaced by C4 
grasses. This apparent contradiction could be explained by a 
general increase of N-supply with time in all plots at this site 
(Fornara and Tilman 2008, 2009), which likely reduced the 
C:N ratios in all plants, counterbalancing the proportional 
increase of C4 grasses in these plots.

Taken together these results suggest that changes in plant 
functional group composition control the C:N ratio in the 
vegetation, whereas plant richness determines the rate of 
C:N change. Previous work has shown greater storage of  
carbon and nitrogen in vegetation at high species richness 
(De Deyn et al. 2009, Bessler et al. 2012), particularly at 
high soil fertility, with forbs, in particular, reducing loss 
of nitrogen from plots (De Deyn et al. 2009). Our work 
extends this by demonstrating the additional importance of 
composition and richness in determining temporal trends in 
plant carbon and nitrogen ratios.

Except for the richest plots, patterns of temporal  
variability in plot-scale C:N are also consistent with temporal 
turnover of functional groups at each site. At Cedar Creek, 
the negative TV at low richness corresponds to the increas-
ing proportion of C4 grasses which have low C:N variance, 
whereas the higher TV at intermediate richness corresponds 
to the increasing proportion of forbs which have a higher 
C:N variance. In Jena, the decrease of C:N temporal vari-
ances corresponds to the replacement of legumes by small 
herbs with lower monoculture TV. At both sites, however, 
plots with the highest richness exhibited negative TV when 
we would expect them to be positive in Cedar Creek (due 
to the high C:N variance of increasing forbs) and null in 
Jena (due to the null TV of increasing small herbs). Thus, 
in addition to the shifts in functional group composition, 
an additional mechanism needs to be invoked to explain the 
stabilizing effect of high plant diversity on community C:N 
ratios at both sites. Complementary resource use, already sug-
gested in Jena (Temperton et al. 2007, Gubsch et al. 2011, 
Abbas et al. 2013) and at Cedar Creek (Fargione and Tilman 
2005, Dijkstra et al. 2007, Fornara and Tilman 2009), could 
buffer the inter-annual variation in resource availability in 
more diverse plots.

A common result at both sites is that forbs seem to profit 
from the presence of multiple species more than any other 
functional group, as their proportions consistently increased 
in the richest plots. One explanation could be that forbs 
profit from the effect of plant diversity on soil nutrient pools. 
A study of Yu et al. (2010) showed that homeostatic plant 
species (i.e. species whose stoichiometry matches the soil 
stoichiometry) were more abundant than species with a 
stoichiometric mismatch (sensu Hillebrand et al. 2009). 
In our study we observe the same phenomena at Cedar 
Creek, where soil N pools increased with plant diversity 
(Fornara and Tilman 2008) and forbs replaced N-poor 
C4 grasses. At Jena, a study from Oelmann et al. (2011) 
showed that between 2002 and 2006, soil N storage was 
not affected by plant diversity but was negatively cor-
related with the presence of small forbs. Thus, in highly 
diverse plots, this functional group could have depleted 
the amount of soil N, thus allowing them to replace N-rich 
legumes thanks to higher C:N ratio. If this is the mecha-
nism underlying the observed compositional shift, forbs 
increase due to changes in soil N availability. Alternately, 
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the advantage of forbs could arise from greater reproduc-
tive success due to their association with pollinators whose 
visit frequency increases with plant richness (Ebeling et al. 
2008). Finally, forbs might benefit more than other func-
tional groups from plant–soil feedbacks. Plant diversity 
(De Deyn et al. 2011) and identity (Bremer et al. 2007, 
De Deyn et al. 2011) change the soil microorganism com-
munities, which in return can influence the proportions 
of plant species in a mixture (Hartnett and Wilson 1999, 
Rillig et al. 2014). In our case, diverse plots could promote 
microorganism communities which favor the development 
of forb populations at both sites, but simultaneously put 
legumes in Jena and C4 grasses in Cedar Creek at a disad-
vantage. For example, Hartnett and Wilson (1999) showed 
that suppressing mycorrhizae resulted in the replacement 
of C4 grasses by other functional groups, including forbs. 
Similarly, Rillig et al. (2014) observed a shift to the advan-
tage of a forb against a legume when adding specific types 
of mycorrhizae.

Overall our study shows how the convergence in func-
tional group composition at two very different grassland sites 
drives the convergence in aboveground plant C:N stoichi-
ometry, which occurred more rapidly at high species rich-
ness than at low species richness. In diverse plant mixtures 
at both sites, functional groups with C:N ratios that were 
exceptionally high (C4) or low (legumes) were replaced by  
forbs exhibiting an intermediate C:N. The intermediate 
stoichiometry of forbs is not only fostered by the lack of  
traits making C4 grasses N-poor and legumes N-rich, but 
also by averaging across a broad taxonomic suite of species 
from different plant families.      
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