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Abstract
1. It is increasingly recognized that interactions between plants and soil (a)biotic
conditions can influence local decomposition processes. For example, decomposer communities may become specialized in breaking down litter of plant species that they are associated with, resulting in accelerated decomposition, known
as “home-field advantage” (HFA). Also, soils can vary inherently in their capacity
to degrade organic compounds, known as “ability.” However, we have a poor understanding how environmental conditions drive the occurrence of HFA and
ability.
2. Here, we studied how HFA and ability change across three types of successional
gradients: coastal sand dunes (primary succession), inland drift sands (primary
succession) and ex-arable fields (secondary succession). Across these gradients,
litter quality (i.e. nutrient, carbon and lignin contents) increases with successional
time for coastal dunes and decreases for the other two gradients.
3. We performed a 12-months reciprocal litter transplant experiment under greenhouse conditions using soils and litters collected from early-, mid- and late-successional stages of each gradient.
4. We found that HFA and ability did not consistently shift with successional stage
for all gradients, but were instead specific for each type of successional gradient.
In coastal dunes, HFA was positive for early-successional litter, in drift, sands it
was negative for mid-successional litter, and for ex-arable fields, HFA increased
with successional time. Ability of decomposer communities was highest in midsuccessional stages for coastal dunes and drift sands, but for ex-arable fields, ability decreased throughout with successional time. High HFA was related to high
litter C content and soil and organic matter content in soils and to low litter and
soil nutrient concentrations. Ability did not consistently occur in successional
stages with high or low litter quality.
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5. Synthesis. Our findings show that specific environmental conditions, such as
changes in litter or soil quality, along environmental gradients can shape the influence of HFA and ability on decomposition. In sites with strong HFA or ability, interactions between plants, litter and decomposer communities will be important
drivers of nutrient cycling and hence have the potential to feedback to plant
growth.
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1 | I NTRO D U C TI O N

Moreover, later-successional plants are often longer-lived which

Decomposition is a key driver of carbon and nutrient cycling in eco-

munities. In addition, soil communities from later-successional

systems world-wide. At broad geographic scales, climate and litter

stages have experienced a wider range of litter qualities over time

quality appear to consistently drive litter decomposition (Berg et al.,

and therefore may have a broader functional capacity, resulting in

gives them more time to select for litter-specific decomposer com-

1993; Cornwell et al., 2008). However, a growing body of evidence

an increased ability of decomposer communities to degrade differ-

suggests that the impact of small-scale variation in decomposer com-

ent litter types (Keiser et al., 2014). For these reasons, as succession

munities and their activities, as well as abiotic soil properties, may be

proceeds both HFA and ability may increase.

much more important for driving decomposition than previously as-

Alternatively, variation in litter quality (a key driver of litter de-

sumed (Bradford, Berg, Maynard, Wieder, & Wood, 2016; Bradford

composition rates; (Cornwell et al., 2008) may explain the magnitude

et al., 2017; Fanin, Hättenschwiler, & Fromin, 2014). For example,

of HFA and ability (Keiser et al., 2014; Veen, Freschet, et al., 2015).

decomposer communities may be specialized in the breakdown of

Litter quality is known to change markedly along successional gradi-

localized litter which can lead to accelerated decomposition of this

ents (Wardle, Bardgett, Walker, & Bonner, 2009). During vegetation

litter, a phenomenon known as “home-field advantage” (HFA) (Ayres

succession, temporal changes in the functioning of soil food webs

et al., 2009; Gholz, Wedin, Smitherman, Harmon, & Parton, 2000).

(which regulate plant–litter decomposition) and soil nutrient cycling

Moreover, inherent differences in decomposition rates of the same

go hand in hand with shifts in traits of the dominant plant species

litter between soil decomposer communities, referred to as “abil-

and hence shifts in litter chemical composition (Wardle, 2002). In ad-

ity” (Keiser, Keiser, Strickland, & Bradford, 2014; Keiser, Strickland,

dition, reduced disturbance and changes in the intensity of competi-

Fierer, & Bradford, 2011), may drive variation in litter mass loss. This

tion for light along gradients can impact on litter quality. In primary

can be due to differences in the functional capacity among decom-

successional gradients that start with soils with little or no organic

poser communities (Keiser et al., 2014). Several studies have tested

matter, litter production by slow-growing, pioneer plant species and

HFA and ability using reciprocal litter transplant approaches, and

accumulation of nutrients in the system can gradually increase soil

these reveal strong variation in their occurrence and magnitude (e.g.

nutrient mineralization. This favours the establishment of faster-

Fanin, Fromin, & Bertrand, 2016; Giesselmann et al., 2011; Hunt,

growing, later-successional plant species that can produce litter of

Ingham, Coleman, Elliott, & Reid, 1988; Keiser & Bradford, 2017;

higher quality, for example, with higher nutrient and lower structural

Veen, Sundqvist, & Wardle, 2015; Vivanco & Austin, 2008). The

content (Berendse, 1998). In contrast, in secondary successions,

divergent results of these studies indicate that home-field effects

early-successional stages have relatively high soil nutrient availabil-

and ability can depend strongly on environmental context (Freschet,

ity (Holtkamp et al., 2011; van der Wal et al., 2006) and are colonized

Aerts, & Cornelissen, 2012; Keiser et al., 2014); however, we still

by fast-growing pioneer plant species with high litter quality (Cortez,

have a limited understanding of what environmental drivers are im-

Garnier, Pérez-Harguindeguy, Debussche, & Gillon, 2007; Milcu &

portant and how they influence HFA (Veen, Freschet, Ordonez, &

Manning, 2011), while later-successional species produce poorer-

Wardle, 2015). To better understand the role of context in deter-

quality litter.

mining HFA and ability, we tested how home-field effects and ability

These changes in plant–litter quality across successional

vary across successional stages of vegetation development across

stages can affect patterns in home-f ield advantage in three alter-

which litter quality changes.

native ways. First, HFA could become stronger with decreasing

Across successional gradients, variation in decomposition pro-

litter quality, because specialized organisms may be required to

cesses may be driven by shifts in the functioning of decomposer

decompose litter of poor nutritional value, whereas generalist de-

communities with successional time. With increasing successional

composers may be better suited for breaking down higher-quality

age there is more time for intimate litter–decomposer interactions

litter (Milcu & Manning, 2011; Wallenstein et al., 2013). Second,

to develop (Morriën et al., 2017) through adaptation or dispersal.

easily accessible nutrients in higher-quality litter may intensify
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competition between decomposer organisms, which could lead

under which specific links between litter and decomposer commu-

to specialization and hence stronger HFA with increasing chem-

nities are important for driving ecosystem processes. In particular,

ically labile litter environments (Fanin et al., 2014; Perez, Aubert,

it will help us to predict when and where changes in environmental

Decaens, Trap, & Chauvat, 2013). Third, each litter type may have

conditions may result in decoupling of specialist decomposer com-

its own specialized decomposer community (Freschet et al., 2012),

munities from their litter sources.

leading to HFA being potentially equally strong for low- and high-
quality litters, and thus independent of litter quality. Ability may
also be tied to litter chemical quality through the idea of functional
breadth whereby decomposer communities from habitats with a
low litter quality may be best equipped to decompose a broad

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Study sites

range of organic compounds (van der Heijden, Bardgett, & van

We set up a reciprocal litter transplant experiment in a greenhouse

Straalen, 2008). Hence, decomposer communities from low litter

using soils and litters from three different types of successional gra-

quality environments have a high functional capacity to degrade

dients, hereafter referred to as “gradients.” All three gradients were

all litter types (Keiser & Bradford, 2017; Keiser et al., 2014). The

from the Netherlands; two are primary successional gradients (one

extent to which HFA and ability vary with successional time, or the

in coastal dunes and one in inland drift sands) while one is a sec-

extent to which changes in HFA and ability along successional gra-

ondary successional gradient (on ex-arable fields) (Table 1). All suc-

dients match changes in litter quality, is poorly understood (Fanin

cessional gradients were situated on nutrient-poor sandy soils (see

et al., 2016).

Table 2 for soil abiotic characteristics). Mean annual temperature

The aim of this study was to determine whether patterns in HFA

was 10.5–10.7°C and mean annual precipitation 837–881 mm in the

and ability vary along successional gradients for which litter qual-

10 years prior to our study, that is 2003–2012 (Royal Netherlands

ity changes between successional stages. We examined three suc-

Meteorological Institute (KNMI)). Within each gradient, we selected

cessional gradients on sandy soils, that is two primary successional

early-, mid-  and late-successional stages. Coastal dune gradients

gradients (one on coastal dunes and the other on inland drift sands),

were situated along the North Sea coast in the south-west of the

and one secondary successional gradient (on ex-arable fields). We

Netherlands between Oostvoorne (51°54′28″N, 4°03′20″) and

tested the hypothesis that HFA and ability effects on litter mass loss

Renesse (51°44′23″N, 3°49′20″). Drift sand gradients were situated

would increase with successional age for each of our three gradients.

in the central part of the Netherlands, in the nature area “De Veluwe”

We expected an increase in the magnitude of HFA because increas-

between Nunspeet (52°21′13″N, 5°45′09″) and National Park “De

ing successional age increases the time for intimate litter–decom-

Hoge Veluwe” (52°04′47″N, 5°50′30″). The gradients of ex-arable

poser interactions to develop (Morriën et al., 2017). We expected

fields were also situated on the same parent soil material as the

an increase in the magnitude of ability effects with successional age

drift sands, in the central part of the Netherlands, in the nature area

because soil communities have experienced a wider range of litter

“De Veluwe” between Ede (52°04′20″N, 5°44′12″) and Wolfheze

qualities over time for later-successional stages and therefore have

(52°00′77″ N, 5°48′58″). The ex-arable fields were part of a well-

a broader functional capacity. In addition, we tested how HFA and

established gradient of old-field succession (e.g. Kardol, Bezemer, &

ability vary with changes in litter quality. HFA can be high in sites

van der Putten, 2006; Morriën et al., 2017; van de Voorde, van der

with high litter quality when competition for nutrients stimulates

Putten, & Bezemer, 2011).

specialization in the decomposer community (Perez et al., 2013).
Alternatively, HFA could be high in sites with low litter quality where
a specialized decomposer community is needed to degrade complex

2.2 | Experimental design

compounds (Milcu & Manning, 2011; Perez et al., 2013). Ability is

For each of the three gradients, we laid out six replicate transects that

expected to be high for decomposer communities from sites with

included early-, mid-  and late-successional stages, resulting in three

low-quality litter (Keiser et al., 2014), because these communities

gradient types (dunes, drift sands and ex-arable fields) × 3 succes-

could be better equipped to decompose a broad range of organic

sional stages per gradient (early, mid, late) × 6 transects = 54 locations

compounds (van der Heijden et al., 2008).

from which litter and soil were collected. For each gradient, succes-

To test our hypothesis, we performed a 12-months reciprocal

sional stages within any given transect were always within a distance

litter transplant experiment in a greenhouse using soils and litters

of between 300 m and 3 km from each other, and transects were

collected from early-, mid-  and late-successional stages of three

always between 100 m and 30 km apart. Between 25 October and

successional gradients, that is coastal dunes, inland drift sands

9 November 2012, we collected ~10 g of freshly senesced leaf litter

and ex-arable fields. We used the analytical framework of Keiser

from the soil surface within each location using four to eight randomly

et al. (2014) and Keiser and Bradford (2017) to disentangle the im-

placed quadrats of 10 × 10 cm from an area of 2 × 2 m. Soils in each

pact of HFA, ability, and litter quality on litter mass loss after 4 and

location were sampled underneath each of the litter-collection quad-

12 months of litter incubation. By investigating how HFA and ability

rats with a shovel to a depth of 10 cm and bulked within locations.

vary along successional gradients with changing litter quality, we

For each location, we gently homogenized all the collected soil

contribute to a more general understanding about the conditions

samples and removed stones and large roots by hand. A subsample
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Dominant plant speciesa

Habitat type

Successional
age (years)b

Early

Ammophila arenaria

Grass

10–20

Mid

Betula pendula

Developing forest

100–300

Late

Quercus robur, Fraxinus excelsior

Closed forest

>500

Early

Corynephorus canescens, Carex
areneria

Bare sand with grass
patches

5

Mid

Festuca rubra

Grassland

15

Late

Pinus sylvestris

Closed forest

>50

Coastal dunes

TA B L E 1 Environmental characteristics
of early-, mid- and late-successional
stages in each of the three types of
successional gradients

Drift sands

Ex-arable fields
Early

Elytrigia repens, Lolium perenne,
Senecio jacobaea, Myosotis arvensis

Grassland

7–17

Mid

Anthoxanthum odoratum, Agrostis
capillaris, Leucanthemum vulgare,
Plantago lanceolata

Grassland

22–30

Late

Betula pendula, Pinus sylvestris,
Quercus robur

Closed forest

>50

a

For each successional stage, we list up to four abundant species as examples of common species in
these stages.
b
Values based on Kardol et al. (2006), Neutel et al. (2007), (van de Voorde et al., 2011) and personal
observations.

of the soil from each of the 54 locations was used for analysing soil

for the 12-months litter decomposition period, we incubated a

abiotic properties, and the rest of it was used to fill three 1-L pots.

set of gamma-irradiated litter (25 KGray), using the same exper-

Each of the three 1-L pots received litter from early-, mid- or late-

imental design and level of replication as for the nonsterilized

successional stages respectively. The litter collected from each loca-

litter. Litter sterilization weakly enhanced litter mass loss in gra-

tion was bulked and air-dried for at least 48 hr until constant weight

dients of ex-arable fields (F1,85 = 5.15, p = .026). However, there

and cut into 5-mm fragments. For each location, we filled six nylon

were no interactive effects between sterilization and the source

mesh bags of 5 × 10 cm and mesh size 0.9 × 1 mm with 1 g of litter

of litter (i.e. early-, mid- or late-successional stage) (coastal dunes:

from that location. This mesh size allowed entrance of litter bags

F2,85 = 0.99, p = .376; ex-arable fields: F2,85 = 0.75, p = .477) or be-

by micro-organisms and micro-  and mesofauna. Mesh bags were

tween sterilization and the source of the soil (i.e. early, mid-  or

buried in the pots (to ensure close contact between litter and soil)

late-successional stage) (coastal dunes: F2,85 < 0.01, p = .993; drift

according to a reciprocal transplant approach: within every transect

sands: F2,85 = 0.38, p = .683; ex-arable fields: F2,85 = 0.45, p = .641),

litter originating from each successional stage (early, mid or late) was

except for drift sands where there was a weak interactive effect

incubated in soils from all three successional stages (early, mid and

of litter source and sterilization (F2,78 = 3.50, p = .035). This in-

late). This resulted in a total of three gradient types (coastal dunes/

teraction occurred because unsterilized, late-successional litter

drift sands/ex-arable fields) × 6 replicate transects × 3 soil sources

decomposed slower than unsterilized, early-successional litter,

(early/mid/late-successional stage) × 3 litter sources (early-/mid-/

while there was no difference for sterilized litter. As the impact

late-successional stage) = 162 pots. As every pot received two mesh

of sterilization was minor, we use the mass loss values of unsteril-

bags, one for each of two harvest dates, there were 324 mesh bags

ized litter to test our hypotheses, which ensures that the structural

in total. Although we expect that decomposer communities play an

and chemical properties of the litter have not been altered in the

important role in driving HFA and ability effects (Keiser et al., 2014;

manner that may occur through the sterilization process (Howard

Strickland, Osburn, Lauber, Fierer, & Bradford, 2009), our experi-

& Frankland, 1974).

mental set-up did not allow us to assess the independent influence

Pots were placed in a greenhouse with day/night temperatures

of soil decomposer communities. Instead we examined how both bi-

of 21°C/16°C, relative humidity of 60% and a day length of 16 hr,

otic and abiotic soil properties impact on decomposition processes

which is a typical of average growing season conditions in all three

across successional stages and gradients.

study areas (Royal Netherlands Meteorological Institute (KNMI)).

The use of unsterilized litter may have resulted in the intro-

Pots were covered with perforated tin foil to reduce moisture loss

duction of microbes with the litter, which could influence the lit-

and watered to weight every 2 weeks to maintain the mean field

ter × soil decomposer community effect on mass loss. Therefore,

soil moisture content, which was representative for soil moisture

Functional Ecology

SOM, soil organic matter.
Differences between successional stages were tested using a general linear model (Table S1) followed by a Tukey’s HSD test. Within each type of gradient, numbers within rows followed by different letters
are significantly different at p < .05.

25.32 ± 8.61a
4.44 ± 0.58bc
0.71 ± 4.30 bc
34.46 ± 5.02a
16.98 ± 4.84abc
2.29 ± 0.16c
19.75 ± 3.08ab
20.23 ± 2.56ab
0.74 ± 0.17c

22.3 ± 1.8c
297.5 ± 53.5bc
333.6 ± 64.0 b
77.3 ± 14.6bc
Soil C:P

Soil N:P

259.6 ± 56.5bc
82.2 ± 11.4bc
119.8 ± 49.7bc
923.2 ± 132.3a
264.4 ± 86.4bc

14.89 ± 3.20 b
18.55 ± 0.94
26.84 ± 9.73
26.93 ± 0.97
15.67 ± 1.31
9.67 ± 0.48
14.70 ± 0.57
15.93 ± 1.09
114.62 ± 16.7
Soil C:N

0.02 ± 0.01bc
0.05 ± 0.01ab

b
b

0.06 ± 0.01a
0.01 ± <0.01c

b
b

0.01 ± 0.01c
<0.01 ± <0.01c

b
b

0.03 ± <0.01bc
0.03 ± 0.01bc

b
a

0.01 ± <0.01c

0.01 ± <0.01
Soil N (%)

Soil P (%)

0.47 ± 0.14ab
0.21 ± 0.04
0.23 ± 0.02
0.30 ± 0.10
0.08 ± 0.03
0.01 ± <0.01
0.56 ± 0.14
0.63 ± 0.24

4.81 ± 0.35ab
3.89 ± 0.85ab

ab
ab

6.34 ± 2.58ab
8.40 ± 3.00ab

ab
b

1.34 ± 0.58ab
0.05 ± <0.01b

b
a
a

8.60 ± 2.44ab
0.54 ± 0.06a
Soil C (%)

Soil NH4-N (μg/g)

0.63 ± 0.05

b

0.35 ± 0.14c
Soil NO3-N (μg/g)

8.55 ± 0.06

a

pH

SOM (%)

3.47 ± 0.18

Early

0.33 ± 0.02c

b

11.09 ± 4.99a

2.56 ± 0.53
11.85 ± 2.69
2.75 ± 0.65
0.92 ± 0.12
25.95 ± 10.67
10.71 ± 5.84

7.56 ± 1.77bc

9.22 ± 3.53ab
2.62 ± 0.36

b

4.99 ± 1.15c
10.20 ± 3.36bc

b
ab

3.48 ± 2.60 c
0.77 ± 0.34c

b
b

0.81 ± 0.14c
16.04 ± 5.01ab

a
ab

20.77 ± 2.07a

5.73 ± 0.14
3.72 ± 0.15
5.19 ± 0.23
5.28 ± 0.02
6.27 ± 0.39
6.26 ± 0.71

13.09 ± 3.52abc

4.44 ± 0.32cd
5.82 ± 0.09

b

5.67 ± 0.57abc
5.50 ± 0.40abc

b
d

16.06 ± 3.57ab
2.16 ± 7.58bc

bc
bc

0.21 ± 0.02c
14.07 ± 3.57abc

b
b

22.3 ± 5.49
8.17 ± 1.17
3.27 ± 0.36
25.90 ± 4.42
33.69 ± 6.38

18.05 ± 7.58a

17.98 ± 3.26bc
14.86 ± 0.48
16.19 ± 0.68

bc

Early
Mid

a

Late

ab

Early

c

Mid

c

Late

ab

Ex-arable fields
Drift sands
Coastal dunes

c

Moisture (%)

TA B L E 2

Mean (± SE) values for soil chemical properties of each successional stage (early, mid and late) in each type of successional gradient

Mid

bc

Late

VEEN et al.

|

5

contents in these field sites (de Boer, Verheggen, Klein Gunnewiek,
Kowalchuk, & van Veen, 2003; Kardol et al., 2006; van de Voorde
et al., 2011). At each of two sampling intervals (4 and 12 months
after set-up), one mesh bag was harvested from each pot. Litter remaining in the bag was gently rinsed on a 0.5-mm sieve to remove
soil particles, dried at 60°C until constant weight and weighed to
determine mass loss.

2.3 | Litter nutrient content and soil abiotic
properties
Prior to the start of the study, a subsample of the litter and soil collected from each location was taken. Soil was sieved to 4 mm. Litter
and soil subsamples were ground and analysed for carbon (C) and
nitrogen (N) using an Element Analyser (Flash 2000, Thermo Fisher
Scientific, Bremen, Germany), and phosphorus (P) using H2SO 4 digestion followed by spectrophotometry. For the litter subsamples,
we determined lignin content using methanol–chloroform extractions and hydrolysis (modified from Rowland & Roberts, 1994). For
the soil subsamples, gravimetric soil moisture was determined after
drying at 105°C for 24 hr. Soil organic matter (SOM) content was
measured by loss-on-ignition in a muffle furnace (550°C for 4 hr).
We measured pH in fresh soil (equivalent to 10 g dry soil) with a
Mettler Toledo pH meter after shaking for 2 hr at 250 RPM in 25 ml
of demi-water. Fresh soil (equivalent to 10 g dry soil) was extracted
with 50 ml KCl 1 M (2 hr, 250 RPM) and analysed for nitrate (NO3)
−

and ammonium

+
(NH4 )

content using an autoanalyser (Quaatro, Seal

Analytical GmbH, Norderstedt, Germany). A soil subsample was
dried at 60°C until constant weight, ground and analysed for total
C and N content with an Element Analyzer (Flash 2000, Thermo
Fisher Scientific, Bremen, Germany) and for total P content by nitric–
perchloric acid digestion (Spark, 1996).

2.4 | Data analysis
We used a general linear model with mass loss as the response variable. We used soil source (early-, mid-, late-successional stage), litter
source (early-, mid-, late-successional stage), gradient type (coastal
dunes, drift sands, ex-arable fields), harvest time, and the interactions among these factors as fixed factors and transect and harvest
time as random factors. To test how litter and soil properties varied
between successional stages and gradient types, we used a general
linear mixed model with soil source (i.e. the successional stage where
litter and soil were collected), gradient type, and the interactions
among these factors as fixed factors and transect as a random factor.
To test how HFA varied with successional stage for the different gradients, we ran the Decomposer Ability Regression Test
(DART) (Keiser & Bradford, 2017) proposed by Keiser et al. (2014)
using

sas

9.4 (SAS Institute, Cary, NC) for all three gradient types

together. This approach separates effects of litter quality (i.e. differences in litter decomposition rates due to differences in chemical lability), ability (i.e. effects of inherent impacts of soil source
as for example driven by soil abiotic conditions and the functional

6
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capacity of decomposer communities), and HFA (i.e. acceleration
of decomposition in some soils relative to others, for example due
to specialization of the decomposer community in its local environment) on litter mass loss. The regression model (eqn 1) defines
the rate of decomposition (Y i) by the following parameters: the litter quality index (QI) or a ranking of the chemical quality of litters
within a gradient (β l), the inherent functional capacity of soils (the
ability metric) (γs), and HFA or the advantage of litter decomposing
in its home soil (ηh). Litter l , Soil S and Home h are dummy variables
that equal 1 or 0 depending on the presence or absence of the
litter species, soil community or home combination, respectively.
The parameters to be estimated are βl, γs and ηh (Keiser et al.,
2014). The average decomposition across all data (i) in a dataset,
after controlling for litter, soil and home combinations, is represented by the intercept (α), and the error term is defined by ε. The
β l and γs are restricted to prevent perfect collinearity.

Yi = α +

N
∑
l=1

β1 Litterli +

M
∑

γs Soilsi +

s=1

K
∑

3 | R E S U LT S
3.1 | Soil abiotic properties and litter chemical
composition
Soil abiotic properties were affected by interactions between successional stage and gradient type (Table 2 and Table S1). Generally,
soil organic matter content, soil N content, soil C:P ratios and soil
N:P ratios increased and pH decreased during succession, but this
trend was not significant for SOM and soil C:P ratios in ex-arable
fields and for soil N content in both ex-arable fields and drift sands.
For the two primary successional gradients (i.e. coastal dunes and
drift sands), soil moisture was lowest in early-successional stages,
but it was not different among successional stages in ex-arable
fields. Soil nitrate availability was lowest and soil C:N ratio highest
in early-successional stages for coastal dunes but did not differ with
stage for the other two gradients.
Litter chemical composition was affected by interactions be-

ηh Homehi + εi

(1)

h=1

tween successional stage and gradient type (Table 3 and Table S2).
For coastal dunes, early-successional stage litter had the highest
C:N, C:P, lignin:N and lignin:P ratios, indicating that this litter was

Under a single model (3 gradients × 3 successional stages × 2

the most chemically recalcitrant. In contrast, for drift sands and ex-

time points × 6 replicates), litter mass loss was a function of litter

arable fields, these ratios were highest in late-successional stages,

source, soil source and the “home” combinations. Each model had

indicating a transition from labile to recalcitrant litter with succes-

12 restriction terms: one for the soils and one for the litters of each

sional age. Litter N:P ratios did not change with succession in coastal

of the three gradients at each time point. Because the DART model

dunes, but were, or tended to be, highest in the late-successional

is a regression, the results provide one parameter estimate for each

stages for the other two gradients.

response variable (i.e. HFA, ability and litter quality) for each successional stage and not for each replicate within that stage. The DART
model provides statistical evaluation of differences between succes-

3.2 | Litter mass loss

sional stages within a gradient for each of the response variables.

Litter mass loss was affected by two- and three-way interactions be-

Using t tests, we evaluated how in HFA, ability and litter quality dif-

tween litter source, soil source and gradient type (Table 4, Figure 1),

fered between successional stages within each gradient. In addition,

indicating that the effect of soil and litter source on mass loss dif-

we also calculated HFA as the percentage of additional decomposi-

fered between the three gradient types. For drift sands and ex-

tion at home [ADH; modified from Ayres et al. (2009) and as used

arable fields, mass loss of late-successional litter was less than that

by Giesselmann et al. (2011)] to calculate an individual ADH value

of early- and mid-successional litter, while mass loss was not signifi-

for each replicate. We used ADH as a response variable in stepwise

cantly different between litter sources in the case of coastal dunes

(both forward and backward steps) multiple regression analyses with

(Figure 1). For ex-arable fields, mass loss was less for litter incubated

litter chemical (i.e. litter C, N, P and lignin content and their ratios)

in late-successional soils than for litter incubated in mid-  or early-

or soil abiotic properties (i.e. pH, soil organic matter content, soil

successional soils, while this was not different for the other two gra-

C, N and P and their ratios, NO3-N and NH4-N concentrations) as

dients (Figure 1). Litter mass loss was also affected by a two-way

predictor variables. In this way, we explored whether and which lit-

interaction between harvesting time and gradient type, because

ter chemical and soil abiotic properties are important for explaining

after 4 months, mass loss was highest in ex-arable fields and lowest

HFA. All models also included gradient type as a predictor variable.

in drift sands, while after 12 months mass loss was highest in dunes

Model fit was determined based on AIC, where a difference of more

and lowest in drift sands.

than two AIC points was considered an improvement of the model
fit.
Data analysis was performed in

r

version 3.2 (Team, R.D.C.

2013). For general linear models, we used the

lmertest

package

3.3 | DART: Home-field advantage, ability and
litter quality

(Kuznetsova, Brockhoff, & Christensen, 2013). Data were tested for

The DART regression analysis revealed that across all gradients,

normality with a Shapiro test and for homogeneity of variances with

successional stage did not drive differences in home-field ef-

a Levene’s test. For stepwise regression analyses, we used

fects (F2,9 = 0.28, p = .765) and there were no interactive effects

DART regression analysis was performed in sas.

stepaic .

of successional stage and gradient type on home-field effects

Functional Ecology

Differences between successional stages were tested using a general linear model (Table S2) followed by Tukey’s HSD test. Within each type of gradient, numbers within rows followed by different letters
are significantly different at p < .05.

379 ± 81.8b
56.4 ± 2.50
54.9 ± 1.36
750.3 ± 83.0
340 ± 62.3
197 ± 28.0
133 ± 27.5
212 ± 42.5
269.3 ± 31.8
Lignin:P (%)

24.8 ± 1.61bc
10.7 ± 0.65e

e
e

11.6 ± 1.36e
37.76 ± 2.57a

a
bc

19.0 ± 1.76cd
12.7 ± 0.58de

bcde
cde

12.1 ± 0.58de
17.3 ± 2.14de

bcde
bcd

30.6 ± 2.20ab
Lignin:N (%)

11.8 ± 0.50
24.23 ± 0.47
12.6 ± 0.69
11.6 ± 0.67
16.6 ± 0.81
21.7 ± 1.30
16.9 ± 0.43
Lignin (%)

15.0 ± 0.11ab

25.4 ± 0.84a
11.1 ± 0.28

d

5.28 ± 3.23c
4.93 ± 0.54c

d
ab

22.49 ± 3.07a
18.01 ± 2.79ab

d
d

15.2 ± 1.43ab
11.0 ± 2.01bc

c
b

12.7 ± 2.47bc
8.72 ± 2.80 bcd
Litter N:P

1755 ± 211
1286 ± 208
718 ± 83
365 ± 61
485 ± 92
754 ± 98
Litter C:P

79.69 ± 4.52a

a
ab

73.4 ± 3.68a
47.5 ± 3.72b

cd
cd

33.9 ± 1.46b
39.1 ± 3.68b

cd
abc

85.4 ± 6.77a
Litter C:N

c

758 ± 169bc
234 ± 11
210 ± 18

49.9 ± 2.92b
44.5 ± 2.83b

d
d

43.6 ± 3.27b

0.10 ± 0.04cde
0.19 ± 0.01
0.22 ± 0.02
0.03 ± <0.01
0.05 ± 0.01
0.07 ± 0.01
0.14 ± 0.02
0.12 ± 0.01
0.07 ± 0.01
Litter P (%)

1.04 ± 0.05bc
1.05 ± 0.05bc

ab
a

1.06 ± 0.07bc
0.67 ± 0.05de

e
de

0.68 ± 0.07de
0.95 ± 0.05 cd

cde
abc

1.38 ± 0.06a
1.32 ± 0.12ab

bcd
cde

52.07 ± 0.42
48.5 ± 0.68
44.0 ± 1.19
46.4 ± 0.53
49.6 ± 0.69
47.0 ± 0.63

Early

0.57 ± 0.04e
Litter N (%)

51.0 ± 0.73ab
45.9 ± 0.42
45.1 ± 0.68

e

Early
Mid

abc

Late

de

Early

e

Mid

bcd

Late

a

Ex-arable fields
Drift sands
Coastal dunes

cde

Litter C (%)

TA B L E 3

Mean values (± SE) for litter chemical properties of each successional stage (early, mid, late) in each type of successional gradient

Mid

de

Late
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TA B L E 4 The influence of soil source (early-, mid-, late-
successional stage), litter source (early-, mid-, late-successional
stage), chronosequence (coastal dunes, drift sands, ex-arable fields),
experimental time (4 or 12 months) and their interactions on litter
mass loss as tested using a general linear mixed model
F

dfa

p

Soil source

13.01

2,240

<.001

Litter source

39.91

2,240

<.001

Gradient type
Time
Soil source × Litter source

7.62

2,15

.005

156.058

1,15

<0.001

0.552

4,240

.698

5.331

4,240

<.001

18.011

4,240

<.001

Soil source × Time

2.306

2,240

.102

Litter source × Time

0.742

2,240

.477

Gradient type × Time

7.123

2,15

.007

Soil source × Litter
source × Gradient type

2.533

8,240

.012

Soil source × Litter
source × Time

0.895

4,240

.468

Soil source × Gradient
type × Time

0.637

4,240

.637

Litter source × Gradient
type × Time

0.642

4,240

.633

Four-way interaction

0.834

8,240

.573

Soil source × Gradient type
Litter source × Gradient type

Values in bold represent significant effects with p < .05.
Degrees of freedom (df) are estimated with the Satterthwaite method.

a

(F4,9 = 1.30, p = .341). Despite the lack of overall effects, home-
field effects varied between stages within successional gradients.
For example, for coastal dunes the home-field effect was positive in the early-successional stage at 12 months (Figure 2a,b) and
significantly higher than in the mid-successional stage (t = 5.36,
p = .003). For drift sands, home-field effects were positive for the
late-successional stage after 12 months (Figure 2h) and significantly
higher than for the mid-successional stages (t = 3.11, p = .026).
In contrast, for ex-arable fields, home-field effects on mass loss
were negative for the early-successional stage at 4 months, and
positive for the late-successional stage at both 4 and 12 months
(Figure 2m,n). Home-field effects for early stages in ex-arable fields
were lower than for mid- (t = −4.38, p = .007) and late-successional
stages (t = −2.92, p = .033) at 4 months, and at 12 months (t = −9.02;
p < .001; t = −6.36, p = .001, respectively). Stepwise multiple regression analyses between the percentage additional decomposition at
home (ADH) and litter chemical properties showed that home-field
effects increased with litter carbon content and decreased with litter phosphorous content and carbon to nutrient ratios (Table S3). In
addition, home-field effects increased with soil organic matter content and soil N:P ratio and decreased with soil N content and soil C:P
ratio (Table S3).
Ability was affected by the interaction between successional stage and gradient type (F4,9 = 97.66, p < .001), indicating

8
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F I G U R E 1 Litter mass loss (% of
starting weight) ± SE for (a,b) coastal
dunes, (c,d) drift sands and (e,f) ex-
arable fields after 4 and 12 months of
decomposition. Within each of the six
panels, bars topped by the same letter do
not differ significantly at p < .05 (Tukey’s
HSD); ANOVA results are given in Table 4

gradient-specific effects of successional stage on ability. For coastal

quality. For coastal dunes, the litter quality index was lower for ear-

dunes, ability was higher in mid- than early-successional stages at 4 and

ly- than for late-successional litter at 4 months (t = −2.62, p = .018).

12 months (t = 2.44, p = .026, t = 3.53; p = .003) and late-successional

In contrast, for early-successional litter from both drift sands and ex-

stages at 4 months (t = 2.56, p = .020). For drift sands, ability was

arable fields, where succession progresses from early-successional

positive in mid-successional stages and higher than in early- (t = 2.82,

grasses to pine-  and birch forest, the litter quality index changed

p = .012) and late-successional soils (t = 4.24, p < .001) at 12 months.

from positive to negative with successional time (Figure 2k,l,q,r) at

For ex-arable fields, ability was positive in early-successional soils and

both 4 and 12 months. Across both time points, the drift sands litter

negative in late-successional soils (Figure 2o,p), and differed signifi-

quality index was lowest in the late-successional stage (compared to

cantly between these two stages (t = 8.091, p < .001) and between

early: t = 5.91, p < .001; t = 5.31, p < .001; compared to mid: t = 2.39,

mid- and late-successional stages (t = 6.63, p < .001) at 4 months and

p = .029; t = 5.85, p < .001 at 4 and 12 months, respectively). For

between early- and mid- (t = 2.52, p = .022) and early and late stages

ex-arable fields, the litter quality index differed between all suc-

(t = 4.19, p < .001) at 12 months. For ex-arable fields, ability was high

cessional stages at 4 months (early-mid: t = 3.71, p = .002, early-

in stages with a high litter quality index, that is in stages with chemi-

late: t = 24.84, p < .001, mid-late: t = 8.10, p < .001) and was lower

cally labile litter types (Figure 2, Table 3).

for late-successional stages than for early- (t = −6.46, p < .001) and

The litter quality index from the DART model, an estimate for the

mid-successional stages (t = −5.92, p < .001) at 12 months. The litter

decomposability of a litter type, was affected by an interaction be-

quality index extracted from the DART model was generally consis-

tween successional stage and gradient type (F4,9 = 33.66, p < .001),

tent with changes in litter chemical quality within each of the succes-

indicating gradient-specific effects of successional stage on litter

sional gradients (Table 3). The lowest litter quality index occurred in

Functional Ecology
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F I G U R E 2 Parameter estimates (± SE) calculated using the Decomposer Ability Regression Test (DART) proposed by Keiser et al. (2014).
These parameter estimates show the effect of home-field advantage (HFA) (a, b, g, h, m, n), ability (c, d, i, j, o, p) and the litter quality index
on litter mass loss, for all three gradient types in our experiment. HFA indicates to what extent litters degrade better in the soil that they
originate from (“home”) than in other soil types (“away”), whereas ability is the capacity of a soil community to break down litter, and the
litter quality index indicates how well litter is decomposed regardless of the soil type. Asterisks indicate estimates significantly different
from zero with *p < .05; **p < .01 and ***p < .001

stages with the most chemically recalcitrant litter (i.e. high C:N, C:P,

ability was highest in mid-successional soils and there was no pat-

lignin:N and lignin:P ratios) and the highest index estimate occurred

tern for HFA. However, in the secondary successional gradient (i.e.

for stages with the most labile litter (i.e. low C:N, C:P, lignin:N and

ex-arable fields) HFA increased and ability decreased towards later-

lignin:P ratios) (Figure 2e,f,k,l,q,r).

successional stages. Across all gradients, home-field effects tended
to increase with increasing C content in litter and organic matter

4 | D I S CU S S I O N

content in soil, and decreased with higher P content in litter and
N content in soil. This points at the role of external environmental
factors in explaining the occurrence and magnitude of HFA. Below

In this study, we tested how litter mass loss was impacted by home-

we discuss our findings and highlight the implications for how soil

field advantage (i.e. the specific affinity between litter and soil), and

decomposer communities may drive nutrient cycling and plant-soil

by ability (i.e. inherent differences between soil sources) along suc-

feedback across successional gradients.

cessional gradients. In contrast to our hypothesis, the effects on

Overall, HFA and ability did not vary consistently along the suc-

litter mass loss of neither HFA nor ability varied consistently with

cessional gradients. This contrasts with our hypothesis predicting

successional stage; instead, shifts in HFA and ability with succes-

that HFA should become stronger at later-successional stages be-

sional stage were specific to each of the gradient types. For the

cause decomposer communities may become more specialized as

primary successional gradients (i.e. coastal dunes and drift sands),

intimate relationships between litter and decomposer communities

10
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have more time to develop (Morriën et al., 2017). Also, our finding

recalcitrant compounds (Gartner & Cardon, 2004; Klotzbucher,

is inconsistent with our hypothesis that ability would increase with

Kaiser, Guggenberger, Gatzek, & Kalbitz, 2011) regardless of spe-

successional stage as a result of soil communities becoming increas-

cialization by the decomposer community. Finally, in a soil matrix,

ingly familiar with a greater variety of litter types (Keiser et al., 2014)

abiotic conditions can interact with soil communities to drive de-

during the course of succession. Regardless, we found gradient-

composition processes. This could potentially mask or modify the

specific shifts in home-field effects and ability between succes-

effect of specific interactions (due to specialized decomposer com-

sional stages. Home-field effects increased and ability decreased

munities or specific soil abiotic conditions) between litter and soil

with successional time in ex-arable fields, while for coastal dunes

sources (Austin et al., 2014). The finding that early-successional

and drift sands, we found only few home-field effects. In contrast,

stages in ex-arable fields experienced negative home-field effects

ability decreased over successional time in ex-arable fields and was

also suggests that home-field effects are unable to be explained

generally highest in mid-successional stages. This suggests that even

solely by specialization by decomposer communities and that other

though successional stage in itself was not an important predictor of

factors such as accumulation of toxins (Mazzoleni et al., 2015) and

shifts in HFA and ability effects, other environmental conditions that

of other microbes (Kardol et al., 2006) that impair decomposer

vary between successional stages may be driving the occurrence

microbes could also play a role.

and magnitude of HFA and ability effects for litter mass loss (Austin,
Vivanco, González-Arzac, & Pérez, 2014).
Litter quality has often been identified as a key environmental

5 | CO N C LU S I O N S

variable that explains variation in HFA and ability between sites
(Fanin et al., 2016; Keiser et al., 2014; Veen, Freschet, et al., 2015).

We show that the magnitude and direction of HFA and ability ef-

Across all gradients, we showed that high HFA was related to high

fects on litter mass loss vary along successional gradients. Variation

litter carbon and low litter phosphorous content (Table S3) and often

in HFA does not consistently change with successional stage among

occurred in sites with a low litter quality index (Figure 2). This find-

the three gradient types, but is partly contingent on specific varia-

ing contrasts from those studies that found increased HFA for high-

tion in litter chemical properties and soil abiotic conditions that oc-

quality litters (Li et al., 2017; Perez et al., 2013), but supports the idea

curs along each of the three gradients. Our results highlight that the

that recalcitrant plant litter may require specialized decomposers for

impact of HFA and ability on decomposition varies greatly between

its breakdown (Milcu & Manning, 2011). In addition to litter quality,

sites, suggesting that the consequences of specific interactions be-

our results show that edaphic characteristics, such as high soil car-

tween plant litter and soil conditions for litter mass strongly depend

bon and low soil nutrient content, can also contribute to explain high

on site-specific environmental conditions. How these interactions

HFA (Table S3). Meanwhile, we did not find consistently high or low

play out will determine the rate and timing of nutrients released from

ability in sites with a high or low litter quality index (Figure 2), sug-

plant litter and thereby the feedback of decomposition processes to

gesting that the capacity of soils to degrade litter was not directly

plant growth and performance (Wardle et al., 2004). Studies focus-

linked to the chemical composition of the litter. This contrasts with

ing on plant-soil feedback effects have mostly considered direct in-

the idea that soil communities from lower-quality environments are

teractions between plants and soil communities (i.e. via pathogens

better equipped to degrade a broad range of organic compounds

and mutualists), while only a few focused on indirect interactions

(van der Heijden et al., 2008) and therefore have a higher ability

between litter and decomposer communities (e.g. Berendse, 1998;

(Fanin et al., 2016; Keiser & Bradford, 2017; Keiser et al., 2014).
The relationships we found between litter and soil characteris-

Kardol, Veen, Teste, & Perring, 2015; Zhang, Van der Putten, & Veen,
2016). Therefore, to fully understand plant-soil feedback effects and

tics and HFA were neither very strong nor consistent. For example,

their role in the functioning of terrestrial ecosystems including feed-

HFA increased with increasing litter carbon content, but decreased

backs between plants, plant litter and decomposer communities are

with increasing litter C:N ratios, making it hard to predict whether

necessary.

HFA increases or decreases for more recalcitrant litters. This finding indicates that environmental factors other than those that we
have measured also play a role determining HFA and ability (Veen,
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