
Functional Ecology. 2024;00:1–12.	﻿�   | 1wileyonlinelibrary.com/journal/fec

Received: 6 September 2023  | Accepted: 14 January 2024

DOI: 10.1111/1365-2435.14515  

R E S E A R C H  A R T I C L E

Home-field advantage, N-priming and precipitation 
independently govern litter decomposition in a plant diversity 
manipulation

Laura Y. Podzikowski1,2  |   Eric B. Duell2  |   Haley M. Burrill1,2,3  |   James D. Bever1,2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Authors. Functional Ecology published by John Wiley & Sons Ltd on behalf of British Ecological Society.

1Department of Ecology and Evolutionary 
Biology, University of Kansas, Lawrence, 
Kansas, USA
2Kansas Biological Survey and Center for 
Ecological Research, University of Kansas, 
Lawrence, Kansas, USA
3The Institute of Ecology and Evolution, 
University of Oregon, Eugene, Oregon, 
USA

Correspondence
Laura Y. Podzikowski
Email: lpodziko@gmail.com

James D. Bever
Email: jbever@ku.edu

Funding information
National Institute of Food and Agriculture, 
Grant/Award Number: 1003475, 1022923 
and 1030634; Division of Biological 
Infrastructure, Grant/Award Number: 
2120153; Division of Environmental 
Biology, Grant/Award Number: 1738041

Handling Editor: Verónica Ferreira

Abstract
1.	 Litter decomposition facilitates the recycling of often limiting resources, which 

may promote plant productivity responses to diversity, that is, overyielding. 
However, the direct relationship between decomposition, k, and overyielding re-
mains underexplored in grassland diversity manipulations.

2.	 We test whether local adaptation of microbes, that is, home-field advantage (HFA), 
N-priming from plant inputs or precipitation drive decomposition and whether 
decomposition generates overyielding. Within a grassland diversity-manipulation, 
altering plant richness (1, 2, 3 and 6 species), composition (communities composed 
of plants from a single-family or multiple-families) and precipitation (50% and 
150% ambient growing season precipitation), we conducted a litter decomposi-
tion experiment. In spring 2020, we deployed four replicate switchgrass, Panicum 
virgatum, litter bags (1.59 mm mesh opening), collecting them over 7 months to 
estimate litter k.

3.	 Precipitation was a strong, independent driver of decomposition. Switchgrass 
decomposition accelerated with grass richness and decelerated as phylogenetic 
dissimilarity from switchgrass increased, suggesting decomposition is fastest at 
‘home’. However, decomposition slowed with switchgrass density. In plots that 
contained switchgrass, we observed no relationship between decomposition 
and fungal saprotroph dissimilarity from switchgrass. However, in plots with-
out switchgrass, decomposition slowed with increasing saprotroph dissimilarity 
from switchgrass. Combined these findings suggest that HFA is strongest when 
closely related neighbours, that is, heterospecific neighbours, are present in the 
community, rather than other individuals of the same species, that is, conspecif-
ics. Legumes accelerated decomposition with more litter N remaining in those 
plots, suggesting that N-inputs from planted legumes are priming decomposition 
of litter C. However, decomposition and overyielding were unrelated in legume 
communities. While in grass communities, overyielding and decomposition were 
positively related and the relationship was strongest in plots with low densities of 
switchgrass, that is, with heterospecific neighbours.
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1  |  INTRODUC TION

Decomposition of senesced organic material is an essential eco-
system process, facilitating the recycling of resources (Suseela 
& Tharayil,  2018; Wu et  al., 2020; Zhang et  al.,  2023), including 
nitrogen (N) and phosphorus (P), which often limit productivity 
in terrestrial ecosystems (Du et al., 2020). Decomposition is one 
mechanism suggested to facilitate plant productivity increases 
with diversity, that is, overyielding (Zhang et  al.,  2023). While 
there is strong evidence precipitation (Epstein et al., 2002; Knops 
et al., 2001; Wu et al., 2020), litter identity (Hector et al., 2000) 
and diversity of litter types (Kou et  al.,  2020; Xiao et  al.,  2020; 
Zhang et  al.,  2023) alter decomposition, experiments exploring 
whether the diversity of planted species accelerates decompo-
sition generate inconsistent results (Hättenschwiler et  al., 2005; 
Knops et al., 2001; Milcu et al., 2008). These inconsistencies may 
occur because functional group and species richness are rarely 
independently manipulated, making it difficult to distinguish be-
tween diversity and functional group effects. Furthermore, the 
degree to which plant diversity and altered precipitation interact 
effecting litter decomposition remains underexplored in the con-
text of biodiversity manipulation experiments; with decomposi-
tion rates, k, remaining unrepresented from grassland biodiversity 
manipulations (Xu et al., 2020).

Evidence precipitation alters leaf litter decomposition 
is robust (Austin & Vitousek,  2000; Knops et  al.,  2001; Wu 
et  al.,  2020). Water facilitates leaching of readily soluble com-
pounds from litter (Swift et  al.,  1979). Additionally, water may 
also facilitate decomposition through interactions with biolog-
ical communities. Soil moisture stimulates microbial community 
activity, which can in turn alter litter decomposition rates (Gui 
et al., 2017; Singh & Gupta, 1977). Precipitation and soil moisture 
changes may also alter soil microbial community composition 
(Allison et  al.,  2013; Zeglin et  al.,  2013), which could promote 
decomposition if saprotrophs able to break down that litter type 
become more abundant or active (Glassman et  al.,  2018; Gui 
et  al.,  2017). Native plant diversity can stimulate the develop-
ment of diverse microbial communities, a pattern that is stronger 

with greater precipitation (Delavaux et al., 2021). However, in-
teractive effects of precipitation and other drivers of decompo-
sition, for example, plant diversity and community composition, 
remain underexplored.

While it is postulated litter diversity and enhanced N recycling 
from accelerated decomposition may help generate overyielding 
(Xiao et al., 2020; Zhang et al., 2023), litter decomposition depen-
dence on plant diversity has been inconsistent in diversity manip-
ulations (Hättenschwiler et  al.,  2005; Hector et  al.,  2000; Knops 
et  al.,  2001). With diversity, beneficial saprotrophs, specifically 
soil fungi and bacteria, may be diluted or inhibited by competitors, 
slowing decomposition (Gui et al., 2017; Hättenschwiler et al., 2005; 
Zhang et al., 2023). In this case, decomposition is expected to de-
crease with saprotroph diversity. By contrast, plant diversity may in-
crease substrate diversity, promoting specialization (Hättenschwiler 
et  al.,  2005), thus generating a positive relationship between de-
composition and saprotroph diversity. While plant richness has been 
difficult to link to faster decomposition in grassland diversity ma-
nipulations, plant community composition and functional type (e.g. 
graminoid, legume or non-leguminous forb) have consistent effects 
on litter decomposition (Hector et al., 2000; Knops et al., 2001). Two 
potential hypotheses explaining how functional group may facilitate 
litter decomposition are through local adaptation of saprotrophs on 
abundant plants (home-field advantage [HFA]; Gholz et  al., 2000), 
and through their influence on the environment, namely increas-
ing resource availability via high-quality litter inputs (N-priming; 
Kuzyakov et al., 2000).

In ecosystems where resident plant and microbial communi-
ties coevolved, microbial communities are more likely to develop 
specialized pathways to break down compounds found in their 
co-occurring litter, thereby accelerating decomposition. Local ad-
aptation of microbes is well-documented (Di Lonardo et al., 2018; 
Fanin et al., 2021; Gholz et al., 2000), and described as HFA. An 
alternative approach to reciprocal transplant experiments is test-
ing HFA through the phylogenetic structure of microbiome adap-
tation (Barbe et al., 2018; Xiao et al., 2020), in which we expect 
decomposition to slow with the average community phylogenetic 
distance from the ‘home’ litter type. Additionally, plant functional 

4.	 Combined these findings suggest that plant species richness and community 
composition stimulate litter decomposition through multiple mechanisms, includ-
ing N-priming, but only HFA from local adaptation of microbes on closely related 
species correlates with overyielding, likely through resource recycling. Our re-
sults link diversity with ecosystem processes facilitating above-ground produc-
tivity. Whether diversity loss will affect litter decomposition, productivity or both 
is contingent on resident plant traits and whether a locally adapted soil microbi-
ome is maintained.

K E Y W O R D S
biodiversity–ecosystem function, grassland diversity manipulation, home-field advantage, 
litter decomposition, precipitation, priming, soil fungal saprotrophs, switchgrass
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group can explain litter decomposition (Barbe et  al.,  2018; Le 
Bagousse-Pinguet et al., 2021). Plant litter decomposes faster in 
communities containing multiple representatives from the same 
functional group as the litter (Barbe et al., 2018; Knops et al., 2001; 
McLaren & Turkington, 2009). Whether closely related neighbours 
rather than those of the same species—heterospecific versus con-
specific—confer a benefit for decomposition via local adaptation 
of closely related species' microbiomes is underexplored. In this 
case, generalization of microbial saprotrophs on a particular func-
tional group's litter, rather than specialization on a species, might 
generate HFA.

Alternatively, plant community composition can influence 
litter decomposition through environmental changes, specif-
ically litter inputs; higher leaf N concentration, for example, le-
gumes, may stimulate decomposition (Knops et al., 2001; Vinton 
& Goergen,  2006). Increased N availability in soil stimulates mi-
crobial activities, increasing microbial demand for resources. To 
meet resource requirements, microbes break down more stable C 
forms, a phenomenon known as ‘priming’ (Kuzyakov et al., 2000). 
Nitrogen additions, through unnatural (e.g. fertilizer, N depo-
sition) or natural means, may alter decomposition (Di Lonardo 
et  al.,  2018; Kohmann et  al.,  2019). Fertilizer application may 
decouple plant–microbial interactions, degrading microbiomes 
(Egerton-Warburton et  al.,  2007), and indeed, N deposition can 
slow decomposition (Di Lonardo et al., 2018). Natural N fixation 
via rhizobia, which can form symbiotic relationships with legumes 
(family Fabaceae), may stimulate decomposition while maintain-
ing healthy soil microbiomes. This may increase the likelihood of 
detecting additive or synergistic effects of N-priming and HFA on 
decomposition, which remains unclear.

Increased decomposition could, for instance, increase N and 
P retention from above-ground yields, which could contribute to 
overyielding (Zhang et al., 2023). Indeed, the presence of legumes, 
and N availability, has long been cited as a source of overyield-
ing in biodiversity manipulations (Marquard et  al.,  2009; Milcu 
et al., 2008; Temperton et al., 2007). However, whether recycling 
of resources via litter decomposition contributes to overyielding 
remains untested. We address this and ask how these processes 
are affected by global change, specifically exploring how switch-
grass, Panicum virgatum, litter decomposition is affected by pre-
cipitation, plant species identity, diversity and their interactions 
in a grassland diversity manipulation. Our experimental design 
uniquely manipulates diversity at two levels, altering planted rich-
ness and whether planted species are from the same or different 
families. This enables us to test whether plant functional group 
matters independent of richness. It also allows us to ask whether 
richness matters generally, or whether diversity within a plant 
family, rather than between families, alters the outcome, a ques-
tion not previously addressed. We hypothesize precipitation will 
accelerate k (H1.1), interacting with diversity (H1.2). Where HFA 
governs decomposition, k will be greatest in communities con-
taining switchgrass (H2). We hypothesize where N-priming drives 
decomposition, communities containing legumes will accelerate 

rates (H3). Where species richness accelerates decomposition, we 
hypothesize k will correlate with overyielding (H4).

2  |  METHODS

2.1  |  Rainfall and plant diversity manipulation

We performed leaf litter decomposition assays within a grassland 
biodiversity-manipulation (Figures S1 and S2) three years after es-
tablishment at the University of Kansas Field Station (Jefferson, Co., 
KS, 39.05° N, 95.19° W). This experiment manipulated precipitation, 
altering growing season irrigation rates to 150% and 50% ambient 
rainfall (1 April–31 October). During the winter (1 November–31 
March), both treatments received ambient precipitation (Figure S2; 
Table S1). By Year 3, a history of high and low rainfall had been ef-
fectively established (detailed in Appendix S1) receiving on average 
1134.3 and 549.4 mm of irrigation, respectively (Figure S3; Table S1).

We manipulated planted richness by selecting 1, 2, 3 or 6 spe-
cies (Table  S2, detailed description in S1) from a pool of 18 spe-
cies commonly represented in native tallgrass prairies (Table  S3). 
Switchgrass, Panicum virgatum, was one of the planted grasses and 
was selected for its leaf stoichiometry, which is midrange compared 
with other planted species (Table S3; Figure S4). We altered plant 
community composition by selecting species for diverse communi-
ties from the same plant family (Asteraceae are asters-Ast, Fabaceae 
are legumes-Leg, and Poaceae are grasses-Grs) or multiple families 
(Table S2). This allows us to determine the role family identity plays 
in driving decomposition. The two species mixtures capture all pos-
sible family combinations (Ast-Ast, Ast-Grs, Ast-Leg, Leg-Leg, Leg-
Grs and Grs-Grs) within the experiment (the experimental set-up 
and maintenance is detailed in Appendix S1).

2.2  |  Community dissimilarity from switchgrass

To determine plant and microbial community dissimilarity from 
switchgrass, we calculated the average plant phylogenetic distance 
and soil microbial decomposer dissimilarity from switchgrass. We 
constructed a phylogeny for all 18 species in our experiment (de-
tailed in Appendix S1; Figure S5; Table S4). We then calculate the 
mean phylogenetic distance from switchgrass multiplying the real-
ized density of each plant by the phylogenetic distance between that 
plant and switchgrass (Cadotte et al., 2012), summed for all planted 
species in the plot (Equation S1). Four soil cores (20 cm depth) were 
collected in November 2020, extracted for microbial DNA and se-
quenced to determine soil fungal saprotrophs and bacteria (detailed 
in Appendix S1). We then calculate mean microbial community dis-
similarity from switchgrass accounting for the realized density of 
each plant, multiplying it by that plant's microbial community dissim-
ilarity from switchgrass's, characterized using robust Aitchison PCA 
distances (Martino et al., 2019) and summed for all planted species 
in the plot (Equation S2).
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4  |    PODZIKOWSKI et al.

2.3  |  Litter bag construction, deployment, sample 
processing, and C and N concentration

We collected recently senesced switchgrass leaf litter growing ad-
jacent the field plots at the Land Institute's Perennial Agricultural 
Project Field Station plots in Lawrence, KS (Douglas Co., 39.00° N, 
95.32° W) in October 2019 (description in S1). Switchgrass lit-
ter was air-dried for 21 days and cut into approximately 2.54-cm 
strips. We weighed 2.5 g of litter into 10.16 × 10.16 cm mesh bags, 
1.59 mm opening chosen to include mesofauna (Handa et al., 2014; 
Kou et al., 2020). We deployed four replicates per plot on 29 March 
2020 approximately 0.3 m in from the plot centre from each of the 
NW, NE, SW, SE corners, assigning each bag a position a–d, respec-
tively (Figure S2). Litter bags were placed on top of the soil, or thatch 
layer if present, prior to the spring plant emergence. We harvested 
one replicate 28, 84, 147 and 209 days after deployment randomly 
selecting the order (c, a, b, d; Figure S2). Each bag was placed in a 
zip-loc bag, transported to the laboratory on ice, washed, air-dried 
(21 days) and weighed.

To determine the total litter carbon (C) and N concentration, we 
ground litter samples into a homogenous powder from times zero 
and four. Samples were sent to Kansas State Soil and Plant Testing 
Lab for total C and N analysis via dry combustion. We used mean 
time zero litter C, N and C:N to calculate the difference in litter 
quality after 209 days of decomposition (difference C, N, C:N = 
t4 i − t0). The initial litter C, N and C:N was on average 39.2% ± 0.3%, 
0.9% ± 0.1%, and 46.3 ± 3.5, respectively (Table S5).

2.4  |  Determining litter k

To estimate decomposition (k), we fit negative exponential decay 
models (Schlesinger & Bernhardt, 2013; Singh & Gupta, 1977) to our 
data using nonlinear least squares regressions in R v. 4.1.1 (R Core 
Team, 2022):

where A is the initial mass of each litter bag (g), k is the rate of ex-
ponential decay (day−1) and t is time (days; Figure S6). Estimates of A 
were initiated at 2.5 (the starting mass of material put in each bag) 
and k at 0 (null hypothesis). Exponential decay functions were fit 
with five points including time zero, though for 12 plots lines were fit 
with four points because one replicate was lost or damaged beyond 
usability (Table  S6). Estimates for k and A, along with 95% confi-
dence intervals surrounding the estimates, were retained. Estimates 
significantly differed from zero where the confidence intervals do 
not overlap with zero.

2.5  |  Plant productivity and overyielding

Productivity above-ground was assessed in July 2020, peak bio-
mass for tallgrass prairies in Kansas, by observing plot level cover 

measurements and harvesting of biomass strips from the 0.1 m2 
of the 2.25 m2 plot. Plants from the biomass strips were sorted to 
species, oven-dried at 70°C for 5 days and weighed. Since planted 
cover and biomass strips are correlated (Figure  S7; Pearson's 
r > 0.76), we use species-specific correlations to scale biomass to 
the plot level, which allows us to characterize community-level 
dynamics (g m−2) while simultaneously minimizing disturbance 
to plots we wish to maintain long term (details in Appendix S1). 
We then use plant productivity to calculate overyielding, spe-
cifically defining overyielding as complementarity (Loreau & 
Hector, 2001):

where S is the number of species, ΔRY is mean change in relative 
yield for all species, M the mean monoculture yield for all species 
in a mixture. Complementarity is high when the productivity of 
many species is greater than expectations based on their growth 
individually.

2.6  |  Statistical analysis

To test whether precipitation and plant composition confer a ben-
efit on decomposition we fit a linear mixed effect model predict-
ing switchgrass decomposition (k) by precipitation, species richness, 
plant community composition, their interactions and the real-
ized density of switchgrass, a proxy for HFA, as fixed effects. All 
linear mixed effect models were fit with lme4 v. 1.1-31 and lmerT-
est v. 3.1-3 packages (Bates et  al.,  2015; Kuznetsova et  al.,  2017), 
visualized regressions using the visreg v. 2.7.0 package (Breheny 
& Burchett, 2017), and include subblock as a random effect to ac-
count for non-independence of replicate plots within individual 
shelters. We performed all statistical analyses in R v. 4.1.1 (R Core 
Team,  2022). To further explore HFA as a possible driver of plant 
community effects on litter decomposition, we fit a linear mixed 
effect model predicting decomposition by precipitation, species 
richness, their interaction, including phylogenetic distance as a co-
variate. Phylogenetic distance and plant community composition in-
herently covary, as such we are unable to test plant identity effects 
(e.g. grasses, legume, aster or multiple family effects) and phyloge-
netic dissimilarity in the same model.

To explore how the presence of grasses and N-fixers alter 
switchgrass decomposition in diverse communities, we first per-
formed a three-way additive analysis of variance (ANOVA). For 
all mixtures, we test whether the presence or absence of asters, 
legumes or grasses altered switchgrass decomposition. To test 
how interactions between families affected decomposition, we 
performed a one-way ANOVA on two species mixtures, which 
contain all possible family combinations (Ast-Ast, Ast-Grs, Ast-
Leg, Leg-Leg, Leg-Grs and Grs-Grs). To determine which family 
combinations differed from others, we performed a Tukey's post 
hoc honest significant difference test and to test for normality of 
errors a Shapiro–Wilks test.

(1)Mass remaining (g) = A e−kt,

(2)CE = S ΔRYM,
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    |  5PODZIKOWSKI et al.

To test local adaptation of soil microbes as a driver of decom-
position via HFA, we modelled the relationship between soil micro-
bial saprotrophs and litter decomposition. We test the relationship 
between k and microbial diversity, richness and Shannon's H, using 
linear mixed effect models including fungal saprotroph and bacteria 
diversity, richness and Shannon's H, as fixed effects. To test whether 
HFA is conferred by heterospecifics or conspecifics, we used piece-
wise regressions (‘broken-stick’ models) using base R ‘lm’ function 
to characterize the relationship between k and dissimilarity of mi-
crobial communities, specifically of fungal saprotroph and bacteria 
communities, from that of switchgrass. We set the breakpoint in 
the regression model where the proportion switchgrass was greater 
than zero. This approach tests whether microbial communities con-
ditioned on switchgrass and whether microbial communities that are 
more like those found with switchgrass confer a benefit for litter 
decomposition.

To explore the potential influence of N-priming on decomposi-
tion, we characterize the relationship between ∆N, ∆C:N and ∆C 
after 209 days in situ. We fit linear mixed effect models predicting 
the change in tissue N, C or C:N between time four and zero by k, 
plant community composition, including their interaction as fixed 
effects.

To test whether switchgrass litter decomposition generates 
overyielding through HFA or N-priming, for single-family grasses, 
where we saw evidence of HFA, we fit a linear mixed effect model 
(N = 28) in which k predicts complementarity, including the planted 
switchgrass density, and their interaction as fixed effects. To test 
whether N-priming generates overyielding, for single-family legume 
communities, where we saw evidence of N-priming, we fit a linear 

mixed effect model predicting complementarity with k as a fixed 
effect (N = 28). Decomposition, k, is scaled to facilitate comparison 
with complementarity.

3  |  RESULTS

3.1  |  Exponential decay and precipitation

We were able to detect switchgrass decomposition over the 2020 
growing season (Figure  S6; mean k = 0.00235, mean 2.5% = CI 
0.0132, mean 97.5% CI = 0.00346, Figure S8b). Higher precipitation 
significantly increased switchgrass decomposition (F[1.0,217.9] = 41.36, 
p < 0.001, Figure 1a) and precipitation effects operated independ-
ent of other treatments (no interactions in Table S7).

3.2  |  Planted species richness and identity

Plant community composition altered whether k increased with spe-
cies richness. Switchgrass litter decomposed fastest in plant com-
munities composed of grasses and slowest in plant communities 
composed of asters (F[3.0,218.4] = 4.59, p = 0.004; Figure 1b). The re-
lationship between decomposition and richness depended on plant 
community composition (F[3.0,221.2] = 3.19, p = 0.02; Table  S7) was 
positive in multiple family mixtures and grass communities, but not 
present or negative in aster and legume communities (Figure 1b).

Closely related species accelerate switchgrass decomposition, 
while the presence of switchgrass did not enhance litter k. With 

F I G U R E  1  (a) Mean switchgrass 
decomposition rates under 50% and 
150% ambient growing season rainfall. 
(b) The relationship between litter 
decomposition and plant species richness 
(S) by community composition (CC). (c) 
The relationship between decomposition 
and the realized proportion of switchgrass 
in mixture, and (d) decomposition and the 
plot average phylogenetic distance from 
switchgrass. N = 240.
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6  |    PODZIKOWSKI et al.

increased phylogenetic distance, k marginally increased (Figure  1c; 
F[1.0,235.00] = 3.26; p = 0.07; Table S7). However, decomposition slowed as 
switchgrass densities increased (F[1.0,221.43] = 5.89; p = 0.02; Figure 1b).

In mixtures (plant families ≥2), the presence of another grass 
or legume significantly accelerated decomposition (Figure  2B,C; 
Table S8), while the presence of an aster significantly slowed decom-
position (F[1,164] = 6.87; p = 0.01; Figure 2A; Table S8). In two species 
mixtures, switchgrass decomposed fastest in grass–grass combina-
tions and significantly slower in aster–aster communities (Figure 2D; 
Table S9). In grass–aster mixtures, switchgrass decomposed at a sim-
ilar rate as aster–aster combinations. Legumes accelerated decom-
position independent of its neighbour. However, decomposition in 
legume–grass mixtures did not exceed decomposition observed in 
communities composed of two grasses or legumes.

3.3  |  Microbial community dissimilarity from 
switchgrass

Decomposition decreased with microbial diversity and saprotroph 
community dissimilarity from switchgrass. Decomposition sig-
nificantly decreased with fungal saprotroph diversity, Shannon's H 
(Figure  3b; Table  S10) and marginally decreased with fungal sap-
rotroph richness (Figure  3a; Table  S10). No relationship was de-
tected between decomposition and bacteria diversity (Figure S9a,b; 
Table  S10). When switchgrass was not present in the community 
(switchgrass density = 0), decomposition decreased with fungal 
saprotroph community dissimilarity from switchgrass (Figure  3c; 
Table  S11). When switchgrass was present in the community 
(switchgrass >0), no relationship was detectable between decom-
position and fungal saprotroph community dissimilarity (Figure 3c; 

Table S11). A similar, but weak, pattern was observed for bacteria 
community dissimilarity and decomposition (Table S12; Figure S9c).

3.4  |  Litter C and N concentration

After 209 days, switchgrass litter lost more C concentration relative 
to N. Litter ∆N tended to increase and was positively related to k 
(Figure 4a; Table S13); while litter consistently lost C after 209 days 
in  situ, a pattern that marginally decreased with increased litter 
decomposition (Figure 4b; Table S13). These patterns resulted in a 
change in litter stoichiometry, generating a negative relationship 
between litter ∆C:N and k (Figure 4c; Table S13). This generally low-
ered litter C:N after 209 days in situ.

Plant community composition significantly altered litter ∆N and 
stoichiometry after 209 days of decomposition. Legume communi-
ties and those containing legumes (multiple family communities), had 
significantly more N remaining after 209 in situ (Figure 4d; Table S13), 
while litter in all functional groups had comparable ∆C (Figure 4e; 
Table  S13). This resulted in a change in litter stoichiometry, such 
that litter decomposed with legumes had the lowest C:N (Figure 4f; 
Table S13), despite having high rates of decomposition (Figures 1b 
and 2b). We observed no significant interactions between commu-
nity composition and k for ∆N, ∆C:N, or ∆C (Table S13).

3.5  |  Productivity benefits associated with 
richness and litter k

Decomposition predicted overyielding, that is, complementarity, in 
communities containing all grasses with low densities of switchgrass. 

F I G U R E  2  Boxplots of switchgrass 
decomposition (k) in mixtures with and 
without a species from the (A) aster, 
(B) legume, or (C) grass family. Stars 
indicate significant differences (*p ≤ 0.05; 
**p ≤ 0.01; ***p ≤ 0.001) between 
mixtures with and without the family 
determined by a three-way ANOVA, 
N = 168. (D) Boxplots of switchgrass 
decomposition rates (k) by pairwise family 
combinations in mixtures containing 
two species. Different letters indicate 
significant differences between groups, 
as determined by a Tukey HSD post hoc 
test (ast—asters, leg—legumes and grs—
grasses). N = 72.
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In single-family grass communities, we observed a significant positive 
relationship between k and complementarity (Table 1; Figure 5a) and 
a marginal interaction between switchgrass densities and k. The re-
lationship between overyielding and k was strongest as switchgrass 
densities decreased in grass communities (Table 1; Figure 5b). In single-
family legume communities, we observed no relationship between 
overyielding and decomposition (Table 1; Figure 5c), despite observing 
high decomposition (Figure 2b) and complementarity (Figure 5).

4  |  DISCUSSION

Decomposition is a critical ecosystem process, maintaining eco-
system productivity and functioning. However, how plant diversity 
loss affects litter decomposition remains unclear (Xu et al., 2020). 
Litter decomposition is suggested to facilitate the strengthen-
ing relationship between richness and productivity that develops 
over time (Zhang et  al.,  2023). Here, we correlate decomposition 

F I G U R E  3  Linear relationship between litter decomposition and microbial diversity, (a) Shannon's H and (b) soil fungal saprotroph 
richness, with 95% confidence intervals around the regression represented by the grey bands. (c) The relationship between switchgrass 
decomposition and fungal saprotroph community dissimilarity from switchgrass.

F I G U R E  4  Relationship between 
switchgrass litter (a) ∆N, (b) ∆C:N, and 
(c) as the inset panel within panel (b), ∆C 
concentration and decomposition rates 
(k). Mean litter (d) ∆N, (e) ∆C:N, and (f) 
as the inset panel within panel (e), ∆C 
in communities composed of all asters, 
legumes, multiple-families, or all grasses. 
The 95% confidence intervals around the 
regressions and means are represented by 
the grey bands.
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with productivity benefits associated with richness, confirming our 
hypothesis (H4), but observed within a growing season (Figure 5). 
Furthermore, we link these patterns with HFA through the local ad-
aptation of microbial communities (Figure 3), one of the mechanisms 
driving litter decomposition. While N-priming from resident plants 
stimulates decomposition (Figure 2, confirming hypothesis H3) and 
alters the stoichiometry of decomposing litter (Figure 4), it does not 
correlate with overyielding. Precipitation also accelerates decom-
position confirming hypothesis H1.1, but surprisingly occurred in-
dependent of plant richness and community composition (Figure 1) 
despite our expectations (H1.2). These findings suggest that HFA 
via local adaptation of microbes, N-priming from resident plants, 
and precipitation are stimulating the initial phases of litter decom-
position, but surprisingly each is operating independently and only 

HFA correlates with concurrent above-ground productivity benefits 
from richness.

We link decomposition through HFA to positive overyielding 
observed within the same growing season, suggesting that the 
richness of closely related plants may positively affect above-
ground productivity through rapid resource recycling. Previously 
indirect evidence, i.e. the addition of litter generating increased 
above-ground yields, suggests decomposition contributes to ove-
ryielding (Ma et al., 2022). We provide the first direct correlation 
between k and overyielding. Interestingly, we only find this posi-
tive relationship in diverse communities of grasses, and not in com-
munities containing switchgrass in contrast with our expectations 
(H2). This resonates with previous work showing overyielding can 
arise rapidly, by the second year of the experiment, in the absence 

Complementarity ~ Grasses Legumes

Fixed effects (F[NumDF,DenDF]|Pr(>F)); p-value

Scale(k) 8.727[1.0,20.046]; 0.008** 0.1199[1.0,22.592]; 0.73

Switchgrass 5.804[1.0,21.861]; 0.02*

Scale(k):switchgrass 2.905[1.0,21.256]; 0.10·

Random effects (Variance (SD)|Pr(>|t|)); p-value

Subblock 5.0 (2.2); 0.03* 18.0 (4.2); 0.20

Residual 8.4 (2.9) 21.0 (4.6)

Parameters (Estimate (SD)|Pr(>chisq)); p-value

(intercept) 0.67 (1.3); 0.63 5.1 (2.0); 0.08·

Scale(k) 2.5 (0.83); 0.008** 0.34 (0.98); 0.73

Switchgrass 10.0 (4.2); 0.02*

Scale(k):switchgrass −5.0 (3.0); 0.10·

Note: To test heterospecific HFA, the expected density of switchgrass (switchgrass) is included in 
the Grass model. ·p ≤ 0.10; *p ≤ 0.05; **p ≤ 0.01.

TA B L E  1  Linear mixed effects 
model outputs of complementarity as a 
function of switchgrass decomposition 
rates (k), scaled for comparison to 
complementarity, as a fixed effect for all 
mixtures, community types containing 
2–6 species, composed of only grasses 
(Grasses, n = 28), and single-family legume 
mixtures (Legumes, n = 28).

F I G U R E  5  (a) The relationship between complementarity and litter decomposition in single-family grass mixtures, 2–6 species communities, 
n = 28. (b) The relationship between complementarity and litter decomposition binned by the proportion of switchgrass in grass mixtures, 
n = 28. Switchgrass bins are indicated for 0% switchgrass by the light green dot-dashed line, 16.7% switchgrass by the green dashed line, and 
50% by the dark green solid line. (c) The relationship between complementarity and litter decomposition legume mixtures. n = 28.
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of legumes (van Ruijven & Berendse,  2005). Resource recycling 
was suggested to generate those patterns, as N use efficiency in-
creased with richness, though whether through microbial decom-
position of soil organic matter or recycling of plant litter remains 
unclear. Our work suggests increased rates of decomposition from 
locally adapted microbes are a possible explanation. Our findings 
also indicate richness of closely related species may generate ove-
ryielding, suggesting that richness in communities with relatively 
low trait diversity, or low phylogenetic diversity, can also gen-
erate overyielding and it is possible this operates through litter 
decomposition.

Surprisingly, increased decomposition via N-priming did not cor-
relate with overyielding (Figure  5c). Resource partitioning has long 
been cited as the primary mechanism generating overyielding. While, 
there is evidence legumes (Marquard et al., 2009; Milcu et al., 2008; 
Temperton et  al.,  2007) and increased nitrogen use efficiency can 
correlate with overyielding (van Ruijven & Berendse, 2005), resource 
partitioning has been difficult to demonstrate in plant communities. A 
major challenge complicating quantifying resource partitioning is re-
source recycling within terrestrial ecosystems, which makes resource 
depletion particularly difficult measure. Here, we directly measure 
resource recycling and find the presence of high-quality litter in-
creases k, but decomposition does not correlate with increased ove-
ryielding in legume communities (Figure 5c). Decomposition benefits 
for productivity could take time to accumulate. Even though N often 
limits plant productivity in temperate grasslands, in legume commu-
nities we found decomposing litter retained N relative to C, a pat-
tern also observed in forests (Handa et al., 2014). This suggests that 
decomposition in legume communities may be generating increased 
productivity for soil microbial communities, as C is more often their 
limiting resource.

Switchgrass decomposition accelerated with species richness 
only in diverse grass communities, and generally increased with 
grasses. One might hypothesize sampling effects could generate this 
diversity effect, that is, switchgrass adapted saprotrophs combined 
with increased likelihood of including switchgrass in species rich 
grass communities. However, switchgrass decomposition slowed 
with increased switchgrass densities. Together, this confirms that 
switchgrass decomposition accelerates with increasing richness 
of closely related resident plants (i.e. other grasses), but not with 
switchgrass itself.

Furthermore, in communities containing switchgrass, we ob-
served no relationship between fungal saprotroph dissimilarity from 
switchgrass and litter decomposition (Figure 3c). While no relation-
ship was statistically detectable between bacteria community dis-
similarity from switchgrass and decomposition, this was likely due to 
our inability to categorize bacteria into functional groups or guilds 
(Figure S9). Thus, it is notable that a similar pattern was observed, 
even if it was not statistically significant. These findings may appear 
in contrast with other studies, especially in tallgrass prairies, where 
decomposition is strongly enhanced by HFA where soil-microbial 
communities are conditioned to break down their own litter 
(Fanin et al., 2021; Gholz et al., 2000; Hossain & Sugiyama, 2020). 

However, the earliest descriptions of HFA describes the ‘home-field’ 
at a community level: HFA is broadleaf tree litter decomposing in 
broadleaf, as opposed to coniferous, forest soils (Gholz et al., 2000). 
Indeed, within our two-species comparisons (Figure 2d), depending 
on the group chosen, we sometimes detect HFA (grass–aster) and in 
other cases do not (grass–legume). Our findings suggest that HFA 
may more consistently be a community level, rather than species-
specific, phenomenon.

Switchgrass litter decomposition was enhanced by legumes 
and litter lost more C relative to N from legume communities, pro-
viding strong evidence N-priming from resident plants stimulates 
litter decomposition. Generally, litter C:N decreased, suggesting 
that decomposition of switchgrass results in a loss of C relative 
to N. However, that was enhanced in communities composed of 
legumes, which had significantly lower litter C:N after 209 days 
decomposition, suggesting that legumes are stimulating decompo-
sition of litter C. Legumes can form symbioses with N-fixing and 
tend to have higher tissue N concentration (Table S3), which can 
act as a natural fertilizer in N limited soils. While one study found 
N enrichment does not directly stimulate decomposition (Pichon 
et al., 2020), others suggest the addition of high-quality litter may 
stimulate the decomposition of low-quality litter by promoting 
microbes capable of mineralizing N, and altering decomposition 
of plant materials (Hossain & Sugiyama,  2020). The presence of 
N-fixing plants can likewise lower resource competition between 
soil microbial communities and plants, stimulating litter decom-
position to facilitate microbial demands. Interestingly, we did not 
observe any additional benefit of having both a grass and legume 
in the community. Our results are consistent with previous studies 
(Zheng et  al.,  2023), though it is possible that our experimental 
design did not offer adequate power to detect additive or syner-
gistic effects.

The presence of an aster in the community consistently slowed 
switchgrass decomposition (Figure  2a,d). Asters may promote 
microbial communities that inhibit the development of grass de-
composing saprotrophs, as has been observed in other studies 
(Gui et  al.,  2017). This hypothesis is supported by the negative 
relationship we observed between fungal saprotroph dissimilar-
ity and decomposition rates in communities without switchgrass 
(Figure  3c). Asters typically have high litter quality relative to 
grasses (Table  S3) and may promote saprotrophic communities 
less able to break down litter with low quality. We observed a 
negative relationship between fungal saprotroph diversity and 
decomposition rates (Figure 3a,b), suggesting decomposition may 
have slowed from the dilution of microbial communities capable of 
decomposing grass litter.

Precipitation acts as an independent driver of decomposition 
in our study. These findings support many others describing the 
importance of water accelerating litter decomposition (Austin & 
Vitousek, 2000; Knops et al., 2001; Wu et al., 2020). We found no 
evidence that precipitation altered the dependence of litter decom-
position on plant identity or richness. These findings suggest that 
physical mechanisms (i.e. leaching) could be generating increased 
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decomposition with precipitation. Alternatively, favourably wet con-
ditions could stimulate microbial activity, facilitating decomposition 
with precipitation. While we expect saprotrophic microbial com-
munity composition to change with both altered precipitation and 
plant community composition (Hättenschwiler et  al.,  2005; Zeglin 
et al., 2013), for this litter type over a single growing season, we did 
not observe significant interactions.

While it has been suggested that increased litter decom-
position and resource recycling can generate overyielding, this 
hypothesis has remained poorly tested. We addressed this knowl-
edge gap while additionally asking which mechanisms influence 
decomposition and teasing apart which mechanism facilitating de-
composition also generates productivity–diversity relationships. 
We found local adaptation of microbiomes (HFA), N-priming and 
precipitation facilitate litter decomposition. However, we only find 
that plant diversity is correlated with litter decomposition, which 
in turn predicts overyielding in grass only plots, suggesting that 
HFA mediates productivity benefits with richness. Surprisingly, 
we found no evidence that resource recycling from legumes cor-
related with increased above-ground yields. Instead, our results 
suggest that N-priming is likely benefiting other guilds, that is, mi-
crobial communities. These findings not only link ecosystem pro-
cesses to above-ground productivity, but also provide evidence 
regarding what type of diversity and through which mechanisms 
litter decomposition generates overyielding. Further work is nec-
essary to determine how generalizable these patterns are among 
other plant groups and how these dynamics change over time. 
Decomposition benefits on productivity may be context depen-
dent, as they were only evident in communities containing closely 
related species, that is, low functional trait or phylogenetic diver-
sity, and are likely contingent on the presence of a healthy locally 
adapted soil microbiome.
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