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Abstract
& Key message Under similar site conditions, leaf litter decomposition beneath Central African rainforests was largely
driven by average leaf litter quality. Although significant, the additional variability related to litter mixing and to the
decomposition environment was limited.
& Context Under given site conditions, litter decomposition is expected to mainly depend on its average quality. However, the
additional impacts of litter diversity as well as of the local decomposition environment remain rather inconclusive.
& Aims This study investigates the litter mixture effects on decomposition and home-field advantage for two emblematic old
growth forest types of the Congo Basin: the Scorodophloeus zenkeri Harms mixed forests and the evergreen Gilbertiodendron
dewevrei (De Wild.) J. Léonard monodominant forests.
& Methods Based on a litterbag experiment, variations in leaf litter mass loss were measured from the eight most important tree
species under mixed and monodominant forests and for all possible two-species combinations.
& Results Remaining mass was largely explained (90%) by a multivariate measure of initial litter quality including 11 functional
traits, which performed better than any single leaf litter trait. For the litter mixtures, the average deviation from expectation based
on simple additive effects ranged from slightly synergistic (+ 2.56%) to slightly antagonistic (− 0.86%) after 1 and 6 months,
respectively. Mixture identity and chemical dissimilarity contributed to explaining the mixing effects, yet the effect of chemical
dissimilarity at the whole mixture level was only detected through an interaction with incubation time. In addition, the initial
decomposition rates of S. zenkeri and G. dewevrei were accelerated under their own forest type.
& Conclusion In agreement with the “home-field advantage” theory, our results highlighted that the functional composition of the
host forest did have an indirect impact on decomposition. In addition, leaf litter decomposition was mainly controlled by average
litter quality, which in turn was closely related to a multivariate measure of green leaf quality. This suggests that increased
knowledge of tree species leaf traits in tropical forests would greatly help in better understanding the litter decomposition
dynamics.
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1 Introduction

In terrestrial ecosystems, most of the plant net primary produc-
tion ends to the soil as litter (Cebrian 1999). Through its impact
on carbon, nutrient and water cycles, litter decomposition is a
central ecosystem process, at both global and local scales
(Chapin et al. 2011). Litter decomposition is determined by
multiple key drivers including climate, litter quality, site-
specific factors (such as soil properties) and the decomposer
community (Coûteaux et al. 1995; Aerts 1997; Hättenschwiler
et al. 2005). Under similar conditions of macroclimate, topog-
raphy and soil, the decomposition of litter is expected to first
depend on its average quality, through the provision of re-
sources, habitat and secondary, possibly inhibitory, compounds
to the decomposers and detritivores. However, the diversity of
litter (Gartner and Cardon 2004; Hättenschwiler et al. 2005;
Oliveira et al. 2019) and the local decomposition environment
(Jewell et al. 2015; Joly et al. 2017) both have been shown to
further impact the decomposition process, yet their relative
contribution remains poorly documented. Most studies ad-
dressing the drivers behind the variability in litter decomposi-
tion under tropical rainforests have been carried out in the
Amazon Basin (Hättenschwiler et al. 2011; Nottingham et al.
2018; Oliveira et al. 2019; Four et al. 2019). Several decom-
position studies have been conducted in Central Africa
(Bernhard-Reversat and Schwartz 1997; Torti et al. 2001;
Chuyong et al. 2002; Peh 2009; Peh et al. 2012), yet we still
have a limited understanding of the decomposition process and
its drivers for major African rainforest types, especially in the
Democratic Republic of the Congo.

In mixed-species plant communities, the decomposition of
leaf litter mixtures may exhibit additive and non-additive ef-
fects. Non-additive effect occurs when the decomposition rate
of a litter species in the mixture departs from expectations
based on single-species litters. This is in contrast to Grime’s
biomass ratio hypothesis that states litter decomposition is
driven by community-weighted mean (CWM) traits (Grime
1998), which precludes any non-additive effects.

Interactive effects have been attributed to a number of di-
rect or indirect processes (e.g. see Hättenschwiler et al. (2005)
and Gessner et al. (2010) for a review). Different tree species
influence decomposition rate directly through species-specific
litter characteristics and indirectly through changes in
understorey environment conditions and in decomposer com-
munity (Wardle 2006; Scherer-Lorenzen 2008). In a given
environment, the magnitude and direction of those interac-
tions may differ strongly, from synergistic to antagonistic or
no effects at all, depending chiefly on the species composition,
and more precisely, on the variation of litter traits in the mix-
ture (e.g. Lecerf et al. 2011). In particular, when chemically
contrasted leaf litters are present, limiting resources in one
target litter could be compensated for by active microbial
transfer of nutrients or passive transfers through leaching from

accompanying litter (Gessner et al. 2010). Based on such
mechanisms, the difference in nutrient composition between
constituting leaf litters, further referred to as chemical dissim-
ilarity, is expected to ‘boost’ interactive leaf mixing effects
(Hoorens et al. 2003, 2010). On the other hand, inhibitory
compounds leached from some leaf species could induce neg-
ative effects (Hättenschwiler et al. 2005). Through a toxic
effect on soil biota, both tannins and lignin (Scalbert 1991;
Schimel et al. 1996) may inhibit microbial enzyme activity
(Joanisse et al. 2007) or complex proteins (Kraus et al.
2003) resulting in a reduction of decomposition rate.

In addition to these direct litter mixture-driven diversity ef-
fects, indirect biotic and abiotic control associated with plant
community composition can also modify the decomposition
process as was shown by Joly et al. (2017) across European
forests. In their case, the biotic control was mostly affected by
the local litter, which interacted with their standard substrates
(cellulose and wood). This result suggests that the locally pro-
duced leaf litter acts beyond immediate direct quality effects, by
shaping the local decomposer community through long-term se-
lective pressure (Ayres et al. 2009; Freschet et al. 2012a).

This latter interpretation is in line with the home-field ad-
vantage (HFA), where litter decomposes faster in its own plant
environment than away, an effect that has been explained by
the specialisation of local decomposer communities due to
selective pressure and evolutionary trade-offs in evolving spe-
cific enzymatic capacities (Ayres et al. 2009).

This HFA, however, appears to be context dependent, and
the mechanisms at play are still under debate (Freschet et al.
2012a; Veen et al. 2018). Change in quality of input and ma-
trix litters could affect patterns of HFA in many different ways
(Veen et al. 2018). First, HFA could become stronger with
decreasing quality of the input litter, as breakdown of that litter
would require more specialised organisms in contrast to high-
quality litters (Wallenstein et al. 2013). Second, higher-quality
litter environments could lead to increased competition be-
tween decomposers, resulting in increased specialisation and
stronger HFA in those contexts (Fanin et al. 2014). Third, the
functional breadth of decomposer communities (i.e. the range
of organic compounds such communities are able to process)
could be higher in low-quality litter matrix, allowing decom-
poser communities from low litter quality environments to
decompose a wide range of litter types (van der Heijden
et al. 2008). Fourth, each litter type could have its own
specialised decomposer community, and the extent of HFA
would therefore depend on the dissimilarity between that litter
and the average litter matrix the decomposers are supposed to
be adapted to (substrate quality-matrix quality interaction,
SMI hypothesis; Freschet et al. 2012a). The SMI hypothesis
assumes that the decomposition of any specific litter depends
on the (dis-)similarity between its own quality and the average
value of the matrix litter (Freschet et al. 2012a). Under SMI,
low-quality litters are predicted to decompose faster than
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expected in a decomposition-matrix of poor quality and
slower than expectation in high-quality litter environments.
Finally, besides the average litter quality of the litter matrix,
the functional diversity of that matrix could allow the coexis-
tence of a wider range of decomposer communities; for HFA
to hold under such situations, a positive interaction for all
different litter types at their own site should be assumed,
which is however highly unlikely.

Due to the major contribution of tropical forests to the
global carbon cycle, a better understanding of the decomposi-
tion process under such forests is critically important.

In this paper, we focus on the direct litter mixture-driven
diversity effects as well as on HFA and assess their contribution
to the overall decomposition process compared to that of aver-
age litter quality for two emblematic old growth forest types of
the Central Congo Basin: the Scorodophloeus zenkeri Harms
mixed forests and the evergreenGilbertiodendron dewevrei (De
Wild.) J. Léonardmonodominant forests, hereafter called mixed
forests and monodominant forests, respectively. These two for-
est types cover extensive areas in the zone, where they frequent-
ly co-occur on similar ecological conditions on a wide variety of
soils (Hart et al. 1989; Kearsley et al. 2017). Gilbertiodendron
dewevrei is a tree species that commonly forms monodominant
forests (Connell and Lowman 1989), that is forests where one
single tree species dominates in the upper canopy layer. The
dominance of Gilbertiodendron dewevrei was previously
shown to be tightly linked with a set of litter traits inhibiting
decomposition leading to a limited development/growth of oth-
er tree species (Peh et al. 2011). In addition, Cassart et al. (2017)
demonstrated that strong soil organic carbon (forest floor and
mineral soil) accumulation under monodominant forests was
related to these traits. By contrast, mixed forests are
characterised by the coexistence of a large species pool (Torti
et al. 2001; Djomo et al. 2011), which results in litter spanning a
wide range of traits (Cassart et al. 2017).

Building on the wide range of leaf litters traits associated
with the large pool of tree species, we first investigated the
impact of leaf litter quality on decomposition for single and
mixed-species litterbags, using a multivariate measure of litter
quality. We then compared observed and expected decompo-
sition for two-species leaf litter mixtures at the whole mixture
and at the component species level and quantified the mixture
effect by means of a multivariate measure of trait dissimilarity
between the component species. Finally, we compared the
decomposition of the dominant species, Gilbertiodendron
dewevrei and Scorodophloeus zenkeri, in both forest types to
investigate the HFA.

We hypothesised that:

i. Compared to average leaf litter quality, the contributions
of chemical dissimilarity in litter mixture induced by func-
tional diversity as well as of HFA to the overall decompo-
sition process are limited.

ii. Synergistic litter mixture effects on decomposition in-
crease with chemical dissimilarity of leaf litter mixtures.

iii. In agreement with the HFA hypothesis, S. zenkeri and
G. dewevrei litter decomposition are favoured under
mixed and monodominant forests, respectively.

2 Materials and methods

2.1 Study site

This study was conducted in the Yoko Forest Reserve in the
Tshopo Province of the Democratic Republic of Congo
(Fig. 1). The Reserve is located on a sandy plateau at about
28 km south of Kisangani (N 00 19′ 12″; E 25 17′ 43″) and
450 m of elevation and covers an area of 6975 ha.

According to the revised Köppen-Geiger classification, the
regional climate is described as Af-type tropical rainforest cli-
mate (Peel et al. 2007). Based on the meteorological data col-
lected from the Yangambi station (located 100 km to the west
of Kisangani) between 1961 and 2009, mean annual rainfall is
1780 (± 230) mmwith two distinct rainy seasons (March–June
and August–December), and a cumulated dry season length of
ca 3 months (January–February and July) with monthly precip-
itation lower than 60 mm (Fig. 1). The mean annual air tem-
perature is 24.8 °C with limited seasonal variability. The dom-
inant soil type is classified as Xanthic Ferralsol (Van Ranst
et al. 2010) mostly composed of quartz sand, with low content
of kaolinite clay and hydrated iron oxides.

The vegetation of the reserve is dominated by pristine
moist semi-deciduous rainforest mixed with variable patches
of moist evergreen rainforests. Few transition forests and
slash-and-burn agriculture areas are found on the west side
of the reserve, along the main road from Yoko to Biaro.

A preliminary survey allowed us to select areas of the
Reserve dominated either by semi-deciduous Scorodophloeus
zenkeri Harms mixed forests or by evergreen Gilbertiodendron
dewevrei (De Wild.) J. Léonard monodominant forests, in oth-
erwise similar topographic and edaphic conditions. While the
stand basal area, stand density and soil characteristics were
comparable between both forest types, species composition
and diversity strongly differed (Cassart et al. 2017). Both mixed
and monodominant forests are on nutrient poor (CEC ≤
5.3 cmolc kg

−1) and strongly acidic soil (pH ≤ 4.2) with high
total sand (coarse + fine) content (> 86%) in the topsoil.

2.2 Tree species selection and collection of leaves

Eight tree species were involved in the experiment:
Anonidium mannii (Oliv.) Engl. & Diels, Cynometra hankei
Harms, Gilbertiodendron dewevrei (De Wild.) J. Léonard,
Guarea thompsonii Sprague & Hutch, Julbernardia seretii
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(De Wild.) Troupin, Polyalthia suaveolens Engl. & Diels,
Prioria oxyphylla (Harms) Breteler and Scorodophloeus
zenkeri Harms; with the exception of G. dewevrei, all those
species are found in both forest types. These tree species
accounted for 48.7 and 84.6% of total basal area in mixed
and monodominant forests, respectively. They were chosen to
maximise the range of leaf functional traits, especially CN ratio
and were therefore supposed to decompose at different rates.

Newly senescent leaf litter of these tree species was col-
lected in 20 litter traps randomly placed in mixed and
monodominant forests during the peak litter fall (February
2014) and were pooled and homogenised per tree species; if

necessary, newly senesced leaves were collected from the for-
est floor. Fresh green leaves were collected from the sun-
exposed part of the crown of these eight tree species.
Relatively young but fully expanded and hardened leaves
were chosen, if possible undamaged without pathogen. A
minimum of 10 individuals per species were selected through-
out the corresponding tree species diameter distribution ob-
tained from the dendrometric inventory (see Cassart et al.
2017). Subsample of green leaves was taken to estimate spe-
cific leaf area (SLA). The remaining part of green leaves sam-
ples and leaf litter material was directly air-dried and further
oven-dried at 40 °C in the lab and stored in sealed plastic bags
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Fig. 1 a Map of the study location at Yoko Forest Reserve in the Tshopo Province of the Democratic Republic of Congo. b Ombrothermic diagram
recorded during 2000–2014 in the meteorological station of Yangambi (located 100 km to the west of our site)
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until further use. Subsamples of litter from each tree species
were oven-dried at 65 °C during 48 h to determine their water
content and convert fresh litter mass into dry litter mass.

2.3 Characterisation of the leaves

We estimated specific leaf area (SLA − one-sided area of a
fresh leaf, divided by its oven-dry mass) by first scanning a
subsample of green leaves of each target tree species to deter-
mine the fresh leaf area using the ImageJ software, and then
drying at 65 °C and weighing to determine the corresponding
leaf dry mass.

Composite subsamples of green and newly senescent leaf
litter from each tree species were air-dried, ground and stored
(at room temperature away from light and humidity) for chem-
ical analyses. C and N concentrations of each sample were
measured with a Flash EA CN 1112 series elemental analyser
(Thermo Fisher Scientific, MA, USA). Calcium (Ca), potas-
sium (K), magnesium (Mg), manganese (Mn), phosphorus
(P), sulphur (S) and silicon (Si) concentrations were deter-
mined by inductively coupled plasma spectrometry following
total acid digestion (a mixed solution of nitric and
hydrofluoric acids) in a Milestone UltraWAVE microwave
digestion system. Lignin and cellulose contents were deter-
mined only on leaf litter based on the method proposed by
Van Soest and Wine (1967), using a Gerhardt (Königswinter,
Germany) FibreBag apparatus.

2.4 Litter decomposition experiment

Litterbags (15 × 15 cm) were made from plastic insect screen
with ca. 2 mmmesh size. This mesh size avoids litter fragment
losses and prevents all macrofauna (e.g. macroarthropods,
isopods and earthworms) from entering while still allowing
access to mesofauna such as mites, springtails and termites
(Swift et al. 1979). Each litterbag received a total mass of
13 g dry litter, equivalent to 580 g m−2, which is consistent
with annual aboveground litterfall input in mixed and
monodominant forests (Cassart et al. 2017). To preserve the
leaf structural properties, leaves were not ground or cut, ex-
cept G. dewevrei, which was cut into 15 cm lengths to fit into
the litterbags.

In order to investigate individual leaf litter decay rate, we
incubated single-species litter of each studied tree species (n =
8) under mixed forests. Litterbags were incubated in 5 blocks
approximatively 100 m apart, each divided into 2 replicates
(1 m × 1 m) that were several meters apart. For each tree spe-
cies, 40 bags were prepared: 5 blocks × 2 replicates × 4 re-
trieval dates. A possible HFA effect was assessed by incubat-
ing single-species litters of the two dominant species
(G. dewevrei and S. zenkeri for monodominant and mixed
forests, respectively) under monodominant forests with the
same design (5 blocks and 2 replicates per block). Finally, to

test for possible interacting effects among litters, mixed-
species litterbags corresponding to all two-way combinations
of the tree species (n = 28) were incubated in one replicate per
block under mixed forests; for every litter mixture, 10 bags
were prepared: 5 blocks × 2 retrieval dates.

All litterbags were placed on the forest floor in September
2014 (at the end of the dry season, when forest floor litter mass
was highest) and were attached to the forest floor by metal
pins to prevent movement. Single-species litterbags were re-
trieved after 1, 2, 3 and 6 months and mixed-species litterbags
after 1 and 6 months (Powers et al. 2009). After collection,
litterbags were air-dried and litter was removed from each
litterbag. Adhered debris were removed and litter was rinsed
off with water to remove adhering sand particles. The contents
of mixed-species litterbags were separated by species to assess
individual species mass loss inmixture. Litter were oven-dried
at 65 °C during 48 h and weighed.

2.5 Calculations and statistical analysis

From the litterbag experiment, leaf litter decomposition was
characterised by calculating the relative remaining mass of
leaf litter (RM, %) at each collection date:

RM ¼ mt

m0
� 100 ð1Þ

where mt indicates the remaining dry mass of litter at the
collection date t and m0 is the dry mass of litter initially intro-
duced in the litterbags. For mixed-species litterbag, RM was
also calculated for each litter component separately.

We then analysed the temporal trends in RM for single-
species litterbags and tested the various hypotheses presented
in the introduction. First, the effect of litter quality on RMwas
tested. Second, we determined the extent to which the mixed-
species RM can be predicted based on the additive effect of
single-species RM and tried to explain the remaining variabil-
ity based on the incubation time, chemical dissimilarity and
the mixture identity.

For the single-species litterbags, RM was modelled by tree
species as a function of incubation time using the following
model in which the decay rate is time dependent (Feng and Li
2001; Manzoni et al. 2012):

RM ¼ e−
t
bð Þa � 100þ ε ð2Þ

with a and b parameters describing the shape of the curve and
ε is the error term. Temporal autocorrelation was accounted
for in our model through a first-order autoregressive correla-
tion structure. Contrary to the single exponential model devel-
oped by Olson (1963) using a constant decay rate over the
decomposition period, the form of Eq. 2 allows the decay rate
to change (increase and decrease) with incubation time ac-
cording to the decomposition processes. Based on Eq. 2, the
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instantaneous and apparent decay rate kapp, expressed as
month−1 (Manzoni et al. 2012) can be computed as:

kapp ¼ a
b
� t

b

� �a−1
ð3Þ

Given the high correlation between the nutrient concentra-
tions of leaf litter (Baraloto et al. 2010; Verbeeck et al. 2014),
the litter quality was characterised using a principal compo-
nent analysis (PCA) with 11 foliar litter traits (C, Ca, cellulose,
K, lignin, Mg, Mn, N, P, S, Si litter concentrations). Lignin:N
(L:N), C:N, C:P, C:S and N:P ratios were included as supple-
mentary variables and did not affect the PCA. Initial nutrient
concentrations of mixed leaf litters were calculated as the av-
erage concentration of its component species, and the posi-
tions of the different litter mixtures were also included as
supplementary individuals. Given the high proportion of the
variance explained by the first PCA axis, initial litter chemis-
try was characterised based on the scores of the first PCA axis.
In order to assess how green and leaf litter traits are associated,
a PCA analysis was also conducted with green leaves physical
and chemical traits (SLA and C, Ca, cellulose, K, lignin, Mg,
Mn, N, P, S, Si litter concentrations), and the latter was used to
derive a proxy of the ‘leaf economics spectrum scores’
(Wright et al. 2004). Due to the different units and the
contrasted magnitude among the traits, both PCA were per-
formed on mean-centred and scaled variables.

We used linear regressions to determine how well initial
litter chemistry can predict RM from single-species and
mixed-species litterbags under mixed forests.

For the same collection time, the observed RM of mixed-
species litterbags was related to the expected one calculated
based on the RM of the corresponding single-species litter-
bags. As tree species were in equal proportions in the mix-
tures, the expected RM of the whole mixture was the average
of the expected RM of the two leaf litter components. This
first step allowed us to determine which proportion of the
variability can be explained by simple additive effects through
the R2 of the additive model obtained from Eq. 4.

R2
AM ¼ SSreg

SStot
ð4Þ

Where R2AM is the R2 of the additive model (1:1 line between
expected and observed RM), SSreg is the regression sum of
square (expected RM against mean of observed RM) and SStot
is the total sum of square (observed RM against their average).

Then, we tried to determine the factors affecting the re-
maining variability. According to Eq. 5, we calculated the
deviation between the expected and observed RM of mixed-
species litterbags under mixed forests for the whole mixture
(DERMm) or for the target species alone within mixed-species
litterbags (DERMt). In the mixed litterbags, the component
species were separated into target and neighbouring species.

In order to detect an eventual non-additive effect on the mix-
ture decomposition, DERMm was tested against 0 (t test). We
used an analysis of variance (type I) to test for the effects of
incubation time, chemical dissimilarity between mixture com-
ponents, mixture identity (n = 28) and their interactions.

DERMm ¼ RMexpected−RMobs ð5Þ

Negative DERMm values suggest antagonistic responses
(decreasing litter breakdown), whereas positive values refer
to synergistic responses (acceleration of litter decomposition).
Chemical dissimilarity between component species of the
mixture was measured as the Euclidian distance between
two species in the plot of the two first factorial axes.

Further, the influence of the same variables was tested on
the deviation from the expected RM of each component spe-
cies of the mixture (DERMt) through an analysis of variance
(type I) also involving the litter quality of the target species.

We calculated the additional decomposition at home
(ADH) for G. dewevrei and S. zenkeri which represents the
percentage by which the decomposition process is sped up or
slowed down at home, as:

ADH ¼ RMin situ−RMex situ

RMin situ
� 100 ð6Þ

A negative value of ADH indicates HFA (home-field
advantage for litter decomposition) and a positive value of
ADH means HFD (home-field disadvantage for litter decom-
position). Additionally, we investigated the effects of forest
type, incubation time, tree species and their interactions on
litter mass loss for both dominant species (S. zenkeri and
G. dewevrei under mixed and monodominant forests, respec-
tively) using an analysis of variance (type I).

All statistical analyses were performed in R version 3.2.0.

3 Results

3.1 Temporal pattern of litter decomposition

After 6 months of incubation in single-species litterbags, RM
amounted from 27.18 (G. thompsonii and S. zenkeri) to 56.44%
(G. dewevrei; Fig. 2a). The highest mass loss occurred during
the first month of decomposition where mass loss varied be-
tween 5.88 and 38.24%, forG. dewevrei and S. zenkeri, respec-
tively. Litter mass loss strongly decreased along with time, from
19.47% on average after 1 month down to 6.98% (ranging from
5.62 and 7.71%) per month on average between the 3rd and the
6th months (for species-specific RM time-dependent models,
see Fig. 7 in the Appendix). Ranges of remaining mass from
mixed-species litterbags are similar to those reported in single-
species litterbags. RM varied from 54.85 (G. thompsonii +
S. zenkeri) to 96.53% (P. oxyphylla + C. hankei) after 1 month
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and from 27.69 (G. thompsonii + P. suaveolens) to 60.68%
(G. dewevrei + C. hankei) after 6 months.

The highest decay rates (kapp) during the first month of de-
composition were found for by S. zenkeri and G. thompsonii
(0.24 and 0.25 month−1, respectively), but this rate decreased
quickly and reached values of 0.11 and 0.12 month−1 after
6 months for S. zenkeri and G. thompsonii, respectively (Fig.
2b). Moderate decay rates were found for by P. suaveolens,
A. mannii, J. seretii, P. oxyphylla and C. hankei (0.17, 0.14,
0.13, 0.13 and 0.11 month−1, respectively) and remained rela-
tively stable over the duration of the experiment. The decay rate
ofG. dewevreiwas initially the lowest and then stabilised around
that of the other tree species after 6 months. After 6 months of
decomposition, decay rates were stabilising around
0.12 month−1, except for P. suaveolens lying at 0.16 month−1.
Decay rates differed significantly among species at 1, 2 and
3 months (ANOVA for t = 1: F = 11.54; P < 10−5) but difference
decreased with time; decay rate did not vary significantly be-
tween species after 6 months (ANOVA for t = 6: F = 0.828;
P = 0.56).

3.2 Chemical controls on litter decomposition

Across the studied species, a wide variability in initial leaf
litter traits was observed (see Table 4 in the Appendix). For
example, Mn concentrations varied 120-fold among tree spe-
cies, from 0.03 (G. dewevrei) to 3.57 mg g−1 (P. oxyphylla)
and K concentrations varied 9-fold, from 2.58 (P. oxyphylla)
to 24.09 mg g−1 (G. thompsonii). Differences from 2- to 8-fold
were observed for the other leaf litter nutrient concentrations.

The first two axes of the PCA explained 67.1% of the
variability in the 11 leaf litter traits among the eight tree spe-
cies involved in the decomposition experiment (Fig. 3a). The
first axis accounted for the large majority of this explained
variability (48.6%) and was positively related to litter Ca, K,
Mg, N, P and S concentrations and negatively related to C,

lignin and Si concentrations. The second axis explained an
additional 18.5% of the variability in traits and was positively
related to cellulose and Mn concentrations.

C. hankei, G. dewevrei, J. seretii and P. oxyphylla were
found at the left side of the first PCA axis and therefore ex-
hibited lower nutrient concentrations and higher lignin con-
centration (Fig. 3b). G. dewevrei had the lowest N, Ca, K, P,
Mn and Mg but the highest Si litter concentrations. A. mannii,
G. thompsonii, P. suaveolens and S. zenkeri were found at the
right side of the first PCA axis and showed higher Ca, K, Mg,
N, P and S concentrations. S. zenkeri exhibited the highest N,
Ca, Mg and S litter concentrations. G. thompsonii was asso-
ciated with the highest K and P concentrations and the lowest
lignin fraction as well as the lowest N:P and lignin:N ratios.

The eight species exhibited similar patterns along the two
first axes of the PCA performed with the green leaf traits
which respectively accounted for 55.5 and 26.7% of the var-
iability (see Fig. 8 in the Appendix). Higher nutrient concen-
trations and SLA were reported for the green leaves of
A. mannii, G. thompsonii, P. suaveolens and S. zenkeri, while
C. hankei, G. dewevrei, J. seretii and P. oxyphylla showed
higher C concentrations.

As shown by the linear regression model reported in Fig. 4,
more than 90% of the variation in remaining mass from both
single- and mixed-species litters over the entire incubation
period under the mixed forests was explained by the litter
chemical quality, as assessed by the position of each litter
along the first PCA axis performed with litter traits (Fig. 3).
For each studied period, the remaining mass strongly de-
creased with the position along the first PCA axis (Fig. 4).
Therefore, the remaining mass exhibited by the four species
situated at the right side of the PCA (A. mannii,G. thompsonii,
P. suaveolens and S. zenkeri) was found to be lower compared
to that of the four species located at the left side (C. hankei,
G. dewevrei, J. seretii and P. oxyphylla). After 1 month of
incubation, the difference between the intercept (P < 0.01)
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Fig. 2 a Remaining mass (RM) and b apparent decay rates (kapp) of
single-species litterbags under mixed forests as a function of time.
Apparent decay rates were calculated using kapp = (a/b) * (t/b)(a − 1)

where parameters (a, b) were adjusted based on the relationship

between remaining mass (RM) and time (t): RM = exp(−(t/b)a). For
species-specific RM time-dependent model and actual measurements,
see Fig. 7 in the Appendix
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for mixed-species (78.79) compared to single-species litter-
bags (81.35) was significant, yet weak, whereas a similar
slope was reported (Fig. 4). Conversely, after 6 months, a
similar intercept was found, while mixed-species litterbags
exhibited slightly but significantly lower impact of litter qual-
ity (slopes of − 4.19 and − 3.39, respectively for single-species
andmixed-species litterbags, P value of t test < 0.05). For both
single-species and mixed-species litterbags, intercepts strong-
ly decreased with time.

Variation in remaining mass was also significantly associat-
ed with single leaf litter traits after all four retrievals (see Fig. 9
in the Appendix). Using similar linear regression models, ini-
tial leaf litter Ca concentration was found to have the greatest
relation among single traits (R2 = 0.89; P10−10), followed by P
concentration (R2 = 0.87; P < P10−10), S concentration (R2 =
0.86; P < 10−10) and N concentration (R2 = 0.84; P < P10−10).

Remaining mass was also significantly related to other single
leaf litter traits (C, cellulose, N, K, lignin, Mg, Mn and Si
concentration and C:N, lignin:N, C:S and N:P ratios).
Species and litter mixture with a higher initial litter C, lignin
and Si concentration and higher ratios generally decomposed
slower (i.e. had more mass remaining). In contrast, the slope of
the regression of remaining mass on initial litter nutrient (N, K,
Mg, Mn) concentration was negative, indicating that litter of
species with higher initial litter nutrient concentrations
decomposed faster (i.e. had less remaining mass).

3.3 Litter mixing effects on remaining mass

As shown by Fig. 5, observed RMs were strongly related to
expected RMs based on the single-species decomposition ex-
periment (R2 of 86 and 69%, respectively after 1 and 6 months
of incubation). These relationships were tested against the 1:1
line and results varied with incubation time. After 1 month of
incubation, the slope (1.04) was not significantly (P = 0.85)
different from 1, while the intercept (− 5.99) was significantly
lower than 0 (P < 10−2), indicating a leaf litter decomposition
faster than expected. After 6 months, the slope (0.78) and the
intercept (10.12) were significantly different from 1 (P < 10−2)
and 0 (P < 10−3), respectively. This shows that, for the mixed-
species litterbags decomposing faster, decomposition was a
bit slower than expected, while the mixed-species litterbags
decomposing more slowly did not depart from expectation.
Through the 1:1 line, we showed that additive effect explained
86 and 69% of the variability in the reported mixed litter
decomposition after 1 and 6 months, respectively.

The variability in the mixed litter decomposition not ex-
plained by additive effects was then analysed based on the
DERMm which ranged from − 10.0 to 9.3% and from − 12.8
to 7.5% after 1 and 6 months, respectively. DERMm changed
with incubation time; DERMm first showed significant syner-
gistic mixing effect after 1 month (mean DERMm across all 28
mixture types + 2.56%, P < 10−5), while after 6 months of
incubation, mixing effect became slightly but significantly
antagonistic (mean DERMm across all 28 mixture types −
0.86%, P = 0.02). Indeed, analysis of variance (ANOVA)
showed that DERMm significantly (P < 0.001) varied with
incubation time, mixture identity, their interaction and the in-
teraction between chemical dissimilarity and incubation time
(Table 1). Negative interaction between chemical dissimilarity
and incubation time suggests that chemical dissimilarity effect
on DERMm was strongly time dependent, despite the non-
significant main effect (P = 0.13). Indeed, the impact of chem-
ical dissimilarity was first positive after 1 month of incubation
but became negative after 6 months of incubation.

The separation of litter from individual species included in the
mixtures at the final collection date allowed us to test for mixture
effects on decomposition of individual species within mixtures
through DERMt. The deviation from expected RM (DERMt) of
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Fig. 3 Principal component analysis of 11 leaf litter traits of eight tropical
tree species (black points). Projection of a variables and b species on the
first two axes. Eigenvalue of axis 1 and axis 2 is 5.35 and 2.03,
respectively, explaining 48.6 and 18.5% of the variation, respectively.
Chemical concentrations included as active variables in the analysis
(black arrows): C, Ca, K, Mg, Mn, N, P, S, Si, cellulose and lignin litter
concentrations. Chemical traits included as illustrative variables (grey
arrows): C:N, C:S, C:P, N:P and lignin:N litter ratios. The positions of
the mixed-species litterbags (from 1 to 28, see Table 5 in the Appendix)
are included as supplementary individuals
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species within mixtures ranged from − 25.65 to 20.98% and
from− 18.73 to 14.11% after 1 and 6months of incubation under
mixed forests, respectively. The ANOVA investigating the role
of incubation time, chemical dissimilarity betweenmixture com-
ponents, mixture identity (n = 28), target species litter quality and
their interactions explained 33.9% inDERMt variation. Themix-
ture identity (i.e., species composition of mixtures), incubation
time and their interaction and the interaction between time and
the target litter quality had a significant influence (P < 10−3) on
DERMt in mixtures, while the litter quality alone did not signif-
icantly influence DERMt (Table 2). Chemical dissimilarity of the
mixture interacted significantly and negatively with litter quality
of the target, suggesting that the better was the litter quality of the
target species the weaker was the chemical dissimilarity influ-
ence on DERMt. The significant mixture identity effect showed
that DERMt of certain target species in mixed-species litterbags
differed between mixture types; in addition, this influence varied
with time as reported by the significant interaction between time
and mixture identity.

3.4 Home-field advantage

For both G. dewevrei and S. zenkeri, decomposition was sig-
nificantly faster at home than away during the early stage of
decomposition. Indeed, as shown by Fig. 6, we found signif-
icant negative ADH after 1 month (− 8.63 ± 2.18 and − 9.40 ±

2.25% for S. zenkeri and G. dewevrei, respectively) and
2 months (− 17.85 ± 2.71 and − 9.02 ± 1.66% for S. zenkeri
and G. dewevrei, respectively) which suggests an HFA. At
3 months, there was no significant impact of the incubation
environment for any of the species, while at 6 months, only
S. zenkeri showed a significant HFA (− 11.85 ± 1.81%).

These results were confirmed by the ANOVA of remaining
mass (Table 3), with forest type, incubation time, species and
their interactions as fixed factors. Remaining mass of
G. dewevrei and S. zenkeri was significantly related to incu-
bation time, tree species (i.e. G. dewevrei vs. S. zenkeri leaf
litters) and to the interaction between forest type and tree
species. There was no main Forest type effect; instead, the
effect of forest type differed between species as shown by
the significant interaction term.

4 Discussion

4.1 Temporal dynamics and interspecific variation
of litter decay

Under mixed forests, the average litter decay rates across tree
species decreased to 0.12month−1 after 6 months and the litter
mass loss in 6 months amounted to 57%. As expected, these
values are higher than the decomposition rate reported for
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temperate forests but similar to the range of 0.04–0.32month−1

(mean value of 0.19 month−1) observed in tropical forests for
the same incubation period (Aerts 1997; Hättenschwiler et al.
2011; Waring 2012). The greatest mass losses were reported
for S. zenkeri andG. thompsoniiwith 72 and 73% ofmass loss
after 6 months of incubation, respectively. In contrast,
G. dewevrei exhibited the lowest decomposition rate with
43% of mass loss after 6 months of incubation. The limited
mass loss of G. dewevrei under mixed forests observed in this
study (6, 10 and 20% after 1, 2 and 3 months, respectively) is
consistent with the range of mass losses reported in previous
studies (Torti et al. 2001; Peh et al. 2012). Several studies
suggest that the slow litter decomposition of G. dewevrei, by

inhibiting the establishment of small-seeded species and caus-
ing a low N availability, is a key part of its dominance strategy
(Hart et al. 1989; Peh et al. 2011). In addition, Cassart et al.
(2017) have shown that larger soil (forest floor and mineral
soil) carbon accumulation under monodominant forests com-
pared to adjacent mixed forests can be inferred from the low
decomposition rate of G. dewevrei.

While the decomposition rate of S. zenkeri and
G. thompsonii slowed down with time, no significant change
over time in the decay rates of A. mannii, C. hankei, J. seretii,
P. oxyphylla and P. suaveolens was observed. Decay rate gen-
erally decreases with time due to changes in substrate compo-
sition (such as increasing lignin concentration and decreasing
cellulose concentration) explained by the selective consump-
tion of some organic components by microbes (Berg and
McClaugherty 2014) and by the leaching of soluble com-
pounds. Regarding our litterbag incubation experiment, the
decrease in decay rate could also be ascribed to the expected
reduced rainfall during the last 2 months of the experiment.
Based on the average meteorological data collected in
Yangambi (100 km to the west of Kisangani), we may indeed
expect high precipitations in the early phase of incubation
(from September to December) with a maximum of 321 mm
in November 2014 but more limited rainfall (below 60mm) in
January and February (Fig. 1). During the course of decom-
position, G. dewevrei litter showed an initial time lag of
3 months during which the kapp value was limited to
0.10 month−1 and then slightly increased up to 0.12 month−1

(Fig. 2b). This slow initial decomposition rate is probably due
to the delay in colonisation and establishment of microbial
community which is reinforced by the relatively high concen-
trations of recalcitrant phenolic compounds (Freschet et al.
2012a; Cornwell and Weedon 2014).

4.2 Leaf litter traits predicting decomposition rate

The variation in RM during all stages of decomposition was
strongly associated with chemical differences in overall litter
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Fig. 5 Observed RM against expected RM for mixed-species litterbags
based on simple additive effects, after 1 (in grey) and 6 (in black) months
under mixed forests. Horizontal and vertical error bars show ± 1 standard
deviation. The dotted lines indicate the 1:1 line along which observed and
predicted values are equal. R2 of fitted lines: (1 month, in grey) 0.86
(P < 10−16) and (6 months, in black) 0.69 (P < 10−16)

Table 1 Factors explaining the non-additive component of the litter
mixture effect. Significance of the effects of incubation time (1 vs.
6 months), chemical dissimilarity between component species, mixture

identity (see Table 5 in the Appendix) and their interactions on the
deviation from the expected remaining mass of litter in mixed-species
litterbags under mixed forests

Source df Sum squares % sum squares P value Effect on DERMm

Time 1 821.0 17.6 < 0.001 ↓

Chemical dissimilarity 1 22.3 0.5 0.13 (↑)

Mixture identity 26 583.7 12.5 < 0.001 na

Time × chemical dissimilarity 1 173.0 3.7 < 0.001 ↓

Time × mixture identity 26 867.9 18.6 < 0.001 na

Residuals 224 2193.1 47.1

↓ and ↑ denote a negative or a positive influence on DERMm, respectively. Negative DERMm values suggest antagonistic responses (decreasing litter
breakdown), whereas positive values refer to synergistic responses (acceleration of litter decomposition). The direction of the relationship with categor-
ical variable is not applicable (na)
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quality (Fig. 4), as quantified by the tree species position along
the PCA1. This position was in turn strongly related to that on
the first axis of the green leaf PCA (P < 10−3, see Fig. 10 in the
Appendix), which suggests that those leaf litter traits closely
inform on the leaf economics spectrum (LES). The LES de-
scribes strong relationships between multiple functional leaf
traits, which reflect contrasting species strategies for carbon
gain and growth (Reich et al. 1997; Wright et al. 2004). In the
present case, A. mannii, G. thompsonii, P suaveolens and
S. zenkeri, which are all located at the right end on our proxy
of LES (Fig. 3), appear to be fast-growing species that produce
short-lived and structurally inexpensive leaves with a high
nutrient content and a high photosynthetic rate (Wright et al.
2004; Poorter and Bongers 2006; Osnas et al. 2013). By con-
trast, the position of C. hankei, G. dewevrei, J. seretii and
P. oxyphylla at the left end on our proxy of LES indicates

slow-growing species that produce long-lived, low-quality
leaves (nutrient poor and high lignin concentration) at high-
energy costs with lower photosynthetic capacity. These two
groups of species show a trade-off between fast growth–high
photosynthesis and slow growth–persistent, long-lived leaves
(Shipley et al. 2006). Species with fast acquisitive leaf traits
show higher decomposition rates than species with slow con-
servative traits, which is consistent with previous studies
(Santiago 2007; Bakker et al. 2011).

While litter decay rate was best predicted by a multivariate
measure of litter quality, individual leaf litter traits such as Ca,
S, P, N, K, lignin andMg concentrations or C:S, lignin:N, C:P,
C:N and N:P ratios were also closely related.

As expected, high nutrient concentrations tend to enhance
litter decomposition. The strongest relationship between indi-
vidual trait and decay rate was observed for Ca concentration.
As an important constituent of fungal cell walls and of certain
arthropods’ exoskeleton, these decomposer organisms need
high amounts of Ca in their diets (Swift et al. 1979; Lovett
et al. 2016). In addition, high concentrations of cations such as
Ca and Mg in leaf litter make it less acidic and therefore more
palatable for decomposer organisms (Cornelissen et al. 2003).

Table 2 Results of the ANOVA
describing the factors affecting
the deviation from the expected
remaining mass of target species
litter within mixed-species
litterbags. Significance of the
incubation time, chemical
dissimilarity between component
species and target species leaf
litter quality (described by its
position along the first PCA axis,
cf. Fig. 3), mixture identity (see
Table 5 in the Appendix) and their
interactions

Source df Sum squares % sum squares P value Effect on
DERMt

Time 1 1655.9 8.2 < 0.001 ↓

Chemical dissimilarity 1 546.7 2.7 < 0.001 ↑

Target quality 1 76.9 0.4 0.09 (↓)

Mixture identity 26 1168.7 5.8 < 0.001 na

Time × chemical dissimilarity 1 559.1 2.8 < 0.001 ↓

Time × target quality 1 433.8 2.1 < 0.001 ↑

Time × mixture identity 26 1650.4 8.2 < 0.001 na

Chemical dissimilarity × target quality 1 754.0 3.7 < 0.001 ↓

Residuals 501 13,361.1 66.1

↓ and ↑ denote a negative or a positive influence on DERMt, respectively. Negative DERMt values suggest
antagonistic responses (decreasing litter breakdown), whereas positive values refer to synergistic responses (ac-
celeration of litter decomposition). The direction of the relationship with categorical variable is not applicable (na)
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Fig. 6 Magnitude and direction of litter–site interactions, expressed as the
average additional decomposition at home (ADH) for G. dewevrei (in
black) and S. zenkeri (in grey) for each incubation period. Error bars
indicate standard errors. *, **, and *** denote respectively significant
difference from zero at P < 0.05, P < 0.01 and P < 0.001. A negative
value of ADH indicates HFA (home-field advantage) and a positive
value of ADH means HFD (home-field disadvantage)

Table 3 Results of the ANOVA testing the home-field advantage
hypothesis. Significance of the effects of incubation time (after 1, 2, 3
and 6 months of incubation), forest type (mixed vs. monodominant
forests), tree species (S. zenkeri and G. dewevrei) and their interactions
on the litter remaining mass from single-species litterbags

Source df Sum squares % sum squares P value

Time 3 29,715 41.0 < 0.001

Forest 1 66 0.1 0.16

Species 1 36,668 50.6 < 0.001

Time × forest 3 83 0.1 0.47

Forest × species 1 488 0.7 < 0.001

Residuals 166 5413 7.5
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However, in order to investigate the involvement of decom-
poser organism in this positive relation with Ca concentration,
further experiments are required.

Leaf P concentration was a better predictor of litter decay
rate than N concentration (R2 of 0.47 and 0.64 for the relation-
ships between decay rates and N and P concentrations, respec-
tively). While N availability is an important driver of decom-
position rate in temperate forests, P is frequently the most
limiting nutrient in tropical rainforests with several impacts
on ecosystem processes such as litter decomposition
(Vitousek 1984; Cleveland et al. 2002; Hättenschwiler et al.
2011). Limitation of decomposition rates by N, S or P is also
indicated by the significant negative effect of C:N, C:P, C:S,
N:P and lignin:N ratios on decay rates. Higher C:N, C:P, C:S,
N:P and lignin:N ratios are clear indication of lower N, P and
S availability inducing lower use efficiency of decomposers
community (Zhang et al. 2008).

High cellulose and Si litter concentrations tended to de-
crease litter mass loss. Cellulose, another major cell-wall con-
stituent well-known to reduce litter decomposition rate, is ex-
pected to have a great impact in a similar way as lignin
(McClaugherty and Berg 1987). In cell walls, Si also plays a
role in mechanical defence against fungi and herbivores lead-
ing to a reduced mass loss (Reynolds et al. 2009).

As a cofactor of the enzyme manganese peroxidase, Mn
has been shown to enhance lignin degradation (Berg et al.
2007; Berg 2014; Keiluweit et al. 2015) and is therefore ex-
pected to exhibit the greatest influence in late stages of litter
decomposition. Therefore, longer incubation period would be
needed to detect the influence of Mn litter concentrations.

4.3 Direct litter mixing effect on decomposition

The variability in decomposition rate of litter mixtures can
result from both additive and non-additive effects (positive
or negative). Our experiment assessed litter mixture effects
on decomposition along litter dissimilarity gradients generat-
ed by assembling the full set of 28 pairwise species combina-
tions that can be derived from a pool of eight species in a
common litter matrix associated with mixed forests. Simple
additive effect explained large part of the variability reported
in litter mixture decomposition (86 and 69% after 1 and
6 months of incubation, respectively; Fig. 5).

Mixing litter lead to weak but significant effect after 1 and
6 months. Our results indicate that litter decomposition under
mixed forests should be highly predictable with knowledge of
species composition and species-specific decomposition rates
(see Figs. 4 and 5). On average, we reported synergistic effect
of mixing after 1 month of incubation and antagonistic after
6 months. After both incubation periods, no mixed-species
litterbags decomposed faster than the fastest single-species
litter treatment (G. thompsonii) or less rapidly than the slowest
single litter treatment (G. dewevrei).

Time, mixture identity and their interaction were the most
important factors explaining variation in DERMm (see
Table 1). The influence of incubation time (either antagonistic
or synergistic) on litter mixing is consistent with previous
studies (Wardle et al. 1997). The change in DERMm over time
could be accounted for by the temporal variations of microcli-
mate, decomposer community and litter chemistry in the de-
composition processes. The early phase of decomposition is
mainly driven by nutrients, whereas secondary compounds
(e.g. lignin) influence the later decomposition stage (Berg
and McClaugherty 2014).

One of the mechanisms behind positive litter mixture ef-
fects is the active microbial nutrient transfer from nutrient-rich
to nutrient-poor litter (Gessner et al. 2010), which is expected
to increase with chemical dissimilarity. For instance, it has
been shown that fungi growing in nutrient-poor litter can re-
distribute limiting nutrients, such as P, by extending their hy-
phae to the richer litter species (Schimel and Hättenschwiler
2007). In the present case, however, the effect of chemical
dissimilarity was only significant through an interaction with
time (main chemical dissimilarity effect not significant),
which suggests that other mechanisms are at play. In addition
to this active translocation, passive transfers via leaching and
subsequent transport by water flow of soluble nutrients and
carbon compounds can occur. Some recalcitrant and/or inhib-
itory compounds (e.g. lignin and/or tannins) can also be in-
volved in such passive transfers leading to negative effects on
decomposition as observed after 6 months of incubation in
this study (Gartner and Cardon 2004; Hättenschwiler et al.
2005).

The mixture identity effect explained a large part of the
variability in DERMm. For both incubation durations, the
overall net outcomes were driven by a limited number of
mixtures, the great majority showing neither significantly pos-
itive nor negative DERMm. After 6 months, only six pairwise
species exhibited strong negative DERMm ranging from −
4.28 to − 7.27%, while all the other mixtures ranged from −
3.03 to + 3.37%. As shown by numerous studies, when non-
additive mixing effects occur, differences between observed
and predicted mass loss up to 20% are common (Gartner and
Cardon 2004; Hättenschwiler et al. 2005).

Looking at the individual components of the mixture
through DERMt allowed to further interpret the results at the
whole mixture level. In particular, the lack of any interaction
at the whole mixture level could be associated with contrast-
ing responses of the components. As an example, mixed-
species litterbags including C. hankei and G. thompsonii ex-
hibited an additive effect after 6 months (DERMm = 0.30,
P > 0.05), whereas species-specific responses were contrasted
with DERMt of + 5.79% (P < 10−3) for C. hankei in the pres-
ence ofG. thompsonii and of − 5.40% forG. thompsonii in the
presence ofC. hankei. Conversely, for mixed-species litterbag
including J. seretii litter, the null DERMm reflects a true
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additive effect. Indeed, after 6 months of incubation, the indi-
vidual decomposition of J. seretii was not affected by mixing
and the presence of J. seretii had on average no impact on the
litter mass loss of its neighbours.

As shown in Table 2, DERMt was mostly influenced by
incubation time, mixture identity and their interaction. Despite
the marked differences in litter chemistry among the eight
involved species, ranging from fast-decomposing (S. zenkeri
and G. thompsonii) to recalcitrant (G. dewevrei and
C. hankei), the main chemical dissimilarity effect only ex-
plained a minor (2.7%) part of DERMt. In addition, chemical
dissimilarity also interacted significantly with both time and
litter quality of the target species, which precludes any gener-
alisation about its effect. So, while the mixture identity effect
on DERMt suggests a major impact of neighbour identity on
the decomposition of the target species, the latter cannot be
consistently related to chemical dissimilarity.

This result is surprising, given that functional diversity is
known to be a major driver of litter mixture effects (Finerty
et al. 2016; García-Palacios et al. 2017). However, some stud-
ies also reported no significant effect of plant trait dissimilarity
on litter mixture decomposition (Barantal et al. 2011; Frainer
et al. 2015; Lin and Zeng 2018), which suggests that the effect
of functional diversity in explaining mixture effect is much
lower compared to that of functional identity.

However, over 6 months, we may have missed some shifts
in the magnitude and in the direction of litter mixture effects
on decay rates in response to change in local environment
conditions, in decomposer community or in litter quality as
decay proceeds. Also, we only used two-way combinations to
investigate mixture effects which limits a thorough assessment
of diversity effects. Nevertheless, our approach allowed us to
more easily separate the component species within the mixed
litterbags and to highlight species-specific responses.

4.4 Home-field advantage

Initial mass losses (during the first 2 months) of the dominant
species (S. zenkeri and G. dewevrei in mixed and
monodominant forests, respectively) were significantly differ-
ent between both forest types (Table 3, Fig. 6). The litters of
S. zenkeri and G. dewevrei showed a smaller remaining mass
(from − 8.63 to − 17.85%) in their environment of origin, sug-
gesting an HFA. The magnitude of this HFAwas higher than
the average value of 5.6% reported by Veen et al. (2015) in
their literature review; however, HFA is often associated to a
large variability, indicating considerable variation in the mag-
nitude and direction between observations.

Considering the first 2 months of incubation, our results are
also in agreement with the SMI hypothesis. While the chem-
ical dissimilarity hypothesis pertains to mixtures of leaf litters
and assumes synergistic effects to increase with chemical dis-
similarity between the individual components, the SMI

hypothesis pertains to the impact of the decomposition envi-
ronment on the decay of specific litters; it expects a continuum
from positive to negative interaction between specific litters
and decomposer communities as specific litters and the eco-
system litter matrix become increasingly dissimilar in quality
(Freschet et al. 2012b). In our case, the S. zenkeri and
G. dewevrei leaf litters are among the most contrasted sub-
strates in terms of quality (Fig. 2b) and decay rates (Fig. 2),
and the corresponding mixed and monodominant forests are
associated with similarly contrasted average litter matrix qual-
ities (Cassart et al. 2017). Altogether, the results from the first
decomposition stages strongly suggest that each litter type has
its own specialised decomposer community, irrespective of
litter quality; also, they do not support the hypothesis in which
low litter quality environments would have a high functional
capacity to degrade all litter types (van der Heijden et al.
2008), as otherwise we might have expected no or only limit-
ed HFA effect for S. zenkeri leaf litter.

The contrasting patterns observed between the two species
as decomposition proceeds further, however, indicate that ad-
ditional processes are at play (Austin et al. 2014). The disap-
pearance of any effect related to the decomposition environ-
ment at 3 and 6 months for G. dewevrei could be due to the
initial leaching of toxic components for the local ‘foreign’
decomposer community (Berg and McClaugherty 2014), to
a change in the input litter chemistry due to the activity of
the local microbial community (Wickings et al. 2011), or to
a shift in the structure and composition of the local decom-
posers (Gießelmann et al. 2011); in any case, it appears that
the decomposers associated with the litter matrix under mixed
forests can cope with a large range of litter types, even with
some delay, which is in agreement with such multispecies
ecosystems (Cassart et al. 2017). Contrary to the recalcitrant
G. dewevrei leaf litter, the S. zenkeri substrate continues to
show a strong home-field advantage at 6 months, while its
decay rate is nevertheless strongly reduced (Fig. 2b); this sug-
gests a strong specialisation of the decomposers community
under monodominant forests.

Results from other studies indicate that home-field effects
can strongly depend on environmental context. For instance,
Torti et al. (2001) reported substantially lower litter mass loss
for G. dewevrei under its own environment of origin com-
pared to the adjacent mixed forest in the Ituri Forest
(250 km east of Kisangani) and attributed this negative effect
to higher mesofauna activity under the mixed forest. In
Cameroon, Peh et al. (2012) observed no significant forest
type effect on litter decomposition of different species includ-
ing G. dewevrei.

In this experiment, the short duration of the incubation or
the exclusion of macrofauna may have led to an underestima-
tion of the HFA. Indeed, animals adapted to specific litter type
may selectively bury some litter fragments as a food store or to
line nests or tunnels (Jouquet et al. 2011).
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5 Conclusions

Our results showed that when site conditions are kept similar,
leaf litter quality is the major driver of litter decomposition under
Central African tropical rainforests. We also showed that com-
bining all studied litter traits into a multivariate measure of leaf
litter quality resulted in an improved prediction of decay rates
compared to the use of single traits as predictors. Because this
litter quality indicator was also closely related to a multivariate
measure of green leaves quality, it could be considered as a proxy
of LES. The contrasted position of the two dominant species
(S. zenkeri and G. dewevrei for mixed and monodominant for-
ests, respectively) along this proxy of LES was associated with
strongly different decay rates, in close agreement with the
greatest organic matter accumulation in mineral soil and forest
floor under monodominant forests (Cassart et al. 2017).

Compared to average leaf litter quality, the direct litter
mixing effects were weak yet significant. At both the whole
mixture and species-component levels, those effects were
mainly explained by incubation time, mixture identity and
their interaction. Contrary to expectations, chemical dissimi-
larity only explained a minor part of the significant interactive
effects observed in litter mixtures. In addition to these direct
litter mixture diversity effects, the decomposition of S. zenkeri
and G. dewevrei was affected by their environment, both spe-
cies exhibiting more favourable initial decay rates under their
own forest types in agreement with the HFA.

While still incomplete, our results help to expand the un-
derstanding of the decomposition process and more particu-
larly the implication of local environment and community

functional traits. Given that land use change is happening on
a large scale and leads to radical changes in species composi-
tion, our study shows that we may expect great impacts on
nutrient and carbon cycling. Furthermore, a better understand-
ing of such complex process is invaluable to support models
of climate and land-use change on ecosystems and to inform
policies related to climate change mitigation.
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Appendix

Table 4 Chemical composition of the leaf litter of the eight tree species used in the decomposition experiment

Species Nutrients (mg g−1) Lignin Cellulose Selected ratios

N Ca K P Mn Mg S Si (mg g−1) C:N C:S N:P Lignin:N

A. mannii 27.5 7.7 5.0 1.4 1.9 3.4 5.8 6.0 287.2 435.9 18.0 85.3 19.3 10.5

C. hankei 25.9 8.3 6.6 1.2 1.2 1.3 1.7 9.5 507.9 344.9 20.1 302.0 21.5 19.7

G. dewevrei 14.5 5.4 4.0 0.6 0.03 2.2 1.3 24.4 391.7 338.0 33.8 385.2 25.9 27.0

G. thompsonii 29.2 13.6 24.1 2.5 0.1 3.2 4.9 7.2 261.8 302.4 16.7 99.7 11.9 9.0

J. seretii 15.0 8.2 4.1 0.6 2.7 1.7 2.7 20.2 399.0 352.1 33.6 186.8 24.6 26.6

P. suaveolens 31.2 10.7 7.9 1.3 3.1 3.1 5.4 7.3 348.4 335.4 16.3 93.7 23.6 11.2

P. oxyphylla 16.3 11.5 2.6 0.6 3.6 2.2 2.0 11.2 402.1 385.1 30.6 251.1 27.4 24.7

S. zenkeri 30.7 14.0 7.7 1.5 3.5 3.2 9.7 17.5 302.7 328.4 15.5 48.8 20.3 9.9
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Table 5 Mixed-species
litterbags’ identity ID Mixture

1 A. mannii + P. suaveolens
2 C. hankei + A. mannii
3 C. hankei + G. thompsonii
4 C. hankei + J. seretii
5 C. hankei + P. suaveolens
6 C. hankei + P. oxyphylla
7 G. dewevrei + A. mannii
8 G. dewevrei + C. hankei
9 G. dewevrei + G. thompsonii
10 G. dewevrei + J. seretii
11 G. dewevrei + P. suaveolens
12 G. dewevrei + P. oxyphylla
13 G. thompsonii + A. mannii
14 G. thompsonii + P. suaveolens
15 J. seretii + A. mannii
16 J. seretii + G. thompsonii
17 J. seretii + P. suaveolens
18 J. seretii + P. oxyphylla
19 P. oxyphylla + A. mannii
20 P. oxyphylla + G. thompsonii
21 P. oxyphylla + P. suaveolens
22 S. zenkeri + A. mannii
23 S. zenkeri + C. hankei
24 S. zenkeri + G. dewevrei
25 S. zenkeri + G. thompsonii
26 S. zenkeri + J. seretii
27 S. zenkeri + P. suaveolens
28 S. zenkeri + P. oxyphylla
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Fig. 7 Relative litter mass
remaining (RM) after 1, 2, 3 and
6 months for the single-species
litterbags of A. mannii, C. hankei,
G. dewevrei, G. thompsonii,
J. seretii, P. suaveolens,
P. oxyphylla and S. zenkeri under
mixed forests in the Yoko
Reserve. The summary and the
parameter estimates of the decay
rate model RM = exp(−(t/b)a) are
given in the captions
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