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Abstract

Litter decomposition, an important component of nutrient cycling, is often one of the limiting factors for the development of
monoculture tree plantations for restoration, and how to improve the litter decomposition rate remains as a major challenge.
To help resolve this issue, we developed a mixed-litter transplantation approach to improve the litter decomposition and
nutrient cycling in Schima superba, Cunninghamia lanceolata, Eucalyptus urophylla, and Acacia mangium monoculture
plantations in China. The monospecific leaf litters of the four species were collected and their possible two-, three- and
four-species combinations were transplanted between plantations. We examined the influences of home/away field, litter
species richness, and litter composition on litter decomposition during 24 months treatment. A significant effect of litter
composition on litter decomposition (Duration X Composition effect) was detected in E. urophylla plantation. The influence
of litter richness on litter decomposition was significant in A. mangium plantation (Duration X Richness effect). The litter of
C. lanceolata and A. mangium had a distinct home-field advantage, while the litter of S. superba had a distinct away-field
advantage in decomposition. We observed a positive relationship between richness and litter decomposition in C. lanceolate
plantation. The effect of Duration X Species Interaction on litter decomposition, was significant in E. urophylla plantation,
indicating a non-additive effect. Litter decomposition in E. urophylla plantation could be explained by idiosyncratic model,
and the rivet model may be appropriate to illustrate the litter decomposition in A. mangium plantation. Finally, since the
litter decomposition in degraded A. mangium plantations had a distinct home-field advantage and was significantly affected
by litter richness, transplanting mixed litters of neighboring plantations may be beneficial to improve its litter decomposi-
tion rate. Transplanting of S. superba litters due to the distinct home-field advantage to neighboring plantations such as E.
urophylla plantation whose litter decomposition is significantly affected by litter composition, may be an effective manage-
ment method for improving litters decomposition.

Keywords Litter mixture - Litter decomposition - Away-field advantage - Non-additive effect - Rivet hypothesis - Plantation
management and reconstruction

Introduction were created for ecological restoration or industrial utiliza-

tion in the middle of the twentieth century (Peng 2003).

China has the world’s largest plantation resource (Brocker-
hoff et al. 2008; Piao et al. 2009). Especially in South China,
large monoculture plantations of native or exotic species
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These plantations provided high-quality ecosystem services
at multiple scales in the early stages (Peng et al. 2009). The
abandoned bare land turned to green, and the soil conditions
improved rapidly after the afforestation. Through the years,
however, some monoculture plantations began to perform
poorly in terms of ecosystem function, displaying degrada-
tion of soil fertility and declines in productivity (Zhu and
Li 2007). The declines in litter decomposition and nutri-
ent cycling efficiency have been suggested to be among the
major causes (Chen et al. 2004; Wang et al. 2007). Gener-
ally in such degraded plantations, large amounts of litter
accumulate on the ground due to the slow decomposition
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rate, and the accumulated litter may further hinder nutri-
ent cycling and species regeneration (Barlow et al. 2007).
Thus, the restoration of ecosystem function lags behind the
restoration of ecosystem structure. Many restoration projects
did not consider the factors of decomposers and detritivores
while restoring the vegetation. At the early stages of restora-
tion, there is relatively little litter on the surface. Although
there were few decomposers and detritivores present, the
small amounts of litter could decompose via the leaching of
rain. However, mature trees meant greater amounts of litter
on the ground, and eventually this amount was beyond the
capacity of the existing decomposers and detritivores. The
remnant litter influences the microclimate in such a way as to
hinder nutrient cycling and species regeneration. The com-
munity structure of decomposers and detritivores may have
also been affected (Li et al. 2004; Xu et al. 2005). These
events have caused the degradation of monoculture plan-
tations. Therefore, how to accelerate litter decomposition
is a major issue in managing these degraded monoculture
plantations.

Accelerating the decomposition of remnant litter may
be an effective method of ameliorating the degradation of
monoculture plantations. The transplantation of litter, based
on the “away-field advantage” theory, provides one poten-
tial approach (Chomel et al. 2015). Previous studies have
indicated that the litter decomposition of some species is
accelerated within a foreign environment in comparison to
the native area because the microenvironment of the foreign
area may be more suitable for the decomposition of the litter
of those species. Ecologically important decomposer species
may also move to the away field to exploit the litter. This
in turn stimulates the activity of microscopic organisms,
resulting in rapid decomposition. This phenomenon has been
described as an “away-field advantage” (Gholz et al. 2000;
Mahaney 2010; Chapman et al. 2011). Ayres et al. (2009a)
found that eight of 35 studies of litter transplantation showed
an “away-field advantage”. However, to date the effects and
potential applications of the “away-field advantage”, such
as the possibility of using litter transplantation to accelerate
litter decomposition in degraded plantations, has rarely been
studied. In contrast, most of the previous studies concerned
the “home-field advantage (HFA)” phenomenon, i.e., lit-
ter decomposes faster in its original habitat than in foreign
habitats (Vivanco and Austin 2008; Chomel et al. 2015; Li
et al. 2017). Some studies have indicated that the specificity
of soil organisms was the primary cause of the home- or
away-field advantage (Ayres et al. 2009b). The decomposi-
tion duration, litter quality and adjustability of soil organ-
isms determined the strength of the advantage (Zha et al.
2012). Nevertheless, the mechanisms of home- or away-field
advantages have remained unclear.

In addition to the away-field advantage, litter decom-
position may also benefit from appropriate litter species
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richness and species interactions. The influence of litter
species richness on litter decomposition can be classified
as non-additive (positive or negative) and additive (Zero-
effect) (Héattenschwiler et al. 2005; Chapman and Koch
2007; Madritch and Cardinale 2007). Gartner et al. (2004)
concluded that 108 out of 162 leaf mixtures exhibited non-
additive mass loss; 94 out of 123 leaf mixtures exhibited
non-additive nutrient dynamics; 55% and 65% of leaf mix-
tures exhibited non-additive patterns in the respective abun-
dance and activity of decomposers. When a positive effect
exists, the mixture of different litters will accelerate the litter
decomposition depending on litter composition and quality
measures including N concentration, C/N ratio, P concentra-
tion, C/P ratio, and lignin concentration (Taylor et al. 2007,
Giesselmann et al. 2010, Ge et al. 2013). The mixed litters
also provide a better physical and chemical environment for
the decomposer community and indirectly improve the litter
decomposition through decomposer activities (Hansen 1999;
Nilsson et al. 1999; Hector et al. 2000). Therefore, a mixed-
litter strategy is a potential approach for the acceleration of
litter decomposition in degraded monoculture plantations.

Following previous studies, we hypothesized that litter
transplantation with an appropriate mixed-litter strategy
would improve the litter decomposition and nutrient cycling
in degraded monoculture plantations, thus aiding in restora-
tion. In this study, we designed a litter transplantation exper-
iment to test the effects of decomposition habitat, litter spe-
cies richness, and litter composition on litter decomposition
in four degraded monoculture tree plantations, i.e., Schima
superba, Cunninghamia lanceolata, Eucalyptus urophylla,
and Acacia mangium in South China. The four species were
commonly used to restore degraded slopes in South China,
mostly due to their high growth rates. This study focused
on the following issues: (1) Does the litter decomposition
rate benefit from the away-field advantage effect? (2) How
do the litter species richness and composition influence
litter decomposition? (3) What types of litter transplanta-
tion and litter mixtures can we use to restore monoculture
plantations?

Materials and methods
Study area

The study was conducted at the Heshan National Field
Research Station of Forest Ecosystems (112° 50" E, 22°
34’ N) located in Heshan City, Guangdong, China. This
station, 40 ha in size, is one of the stations of the Chi-
nese Ecological Research Network (CERN). The area
has a south subtropical monsoon climate, with a mean
annual temperature of 22.6 °C, mean annual precipita-
tion of approximately 1700 mm, and annual radiation of
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4350.5 MIm~2a~!. Located on red laterite soil, the climax
plant community is a low subtropical monsoon evergreen
broad-leaved forest that includes species of Lauraceae,
Euphorbiaceae, and Fagaceae. As a result of serious and
long-term human disturbance, however, the soil has been
severely eroded, and the original vegetation has almost
completely disappeared. Four experimental, single-species
plantations of Schima superba, Cunninghamia lanceolata,
Eucalyptus urophylla, and Acacia mangium were estab-
lished at the station in 1984 to restore the degraded, hilly
land. The four plantations in this study, each occupying
approximately 3 ha, are adjacent to each other near Heshan
city, Guangdong province, China. The original geographi-
cal conditions were considered as identical bare ground.
S. superba and C. lanceolata are native species, and E.
urophyllaand A. mangium originated from Australia (Sup-
porting Table S1). In recent years, all plantations have
grown slowly, and seedling regeneration of the dominant
species has decreased. The plantations of C. lanceolata
and A. mangium are in obvious states of degradation. The
spacing between trees is three meters. The basic ecological
and environmental conditions in the four kinds of forest
plantations are listed in Table 1. The “home” and “away”
fields differ in light penetration, litter mass, soil bulk den-
sity, and soil exchangeable potassium. The light penetra-
tion was significantly lower in S. superba forest and the
litter mass was significantly lower in E. urophylla forest.
The soil bulk density was significantly different among S.
superba, C. lanceolate, and A. mangium plantations. The
soil exchangeable potassium in E. urophylla was signifi-
cantly lower than in the other three forests.

Litter quality assessment

The leaf litter used in this study was obtained from the four
single-species plantations. Fresh leaf litter of the four spe-
cies was collected in 10 litter traps (1 m X 1 m) in each plan-
tation, and the chemical characteristics of the litter, i.e., the
content of carbon (C), nitrogen (N), phosphorus (P), and
lignin, were measured. Litter samples were digested with 1:1
K,Cr,0,, and H,SO, and then titrated with FeSO, to deter-
mine total C content (Graca et al. 2005). For the measure-
ments of total N and total P, the litter samples were digested
by H,SO, with a 12:1 mixture of K,SO, and CuSO, and then
analyzed by flow injection analyzer QuikChem 8000 Series
FIA (Wu et al. 2009; Ye et al. 2009). Lignin was measured
following Van Soest (Graga et al. 2005).

Decomposition experiment

After being air-dried for 15 days, the leaf litter was placed in
litter bags (20 cm X 20 cm; 2-mm X 2-mm openings; 18 g of
the air-dried litter per bag). There were four types of single-
species litter bags (for S. superba (S), C. lanceolata (C), E.
urophylla (E), or A. mangium (A) and 11 types of mixtures:
S+C,S+E,S+A,C+E,C+A,E+A,S+C+E, S+C+A,
S+E+A, C+E+A, and S+ C+E + A (see Figure S1 and
Table S2). The mass of each species in each litter bag was
equal to 18 g divided by the number of species in the lit-
ter bag. The 15 types of litter bags were treated as a group
and three groups were deployed in three plots (10 m X 10 m)
at each of the four plantations; thus a total of 45 (15 bags
each plot X 3 plots) litter bags were placed in three plots as

Table 1 Ecological and environmental characteristics of the four 30-year-old monoculture plantations planted with S. superba, C. lanceolata, E.

urophylla, and A. mangium, respectively

Characteristic S. superba C. lanceolata E. urophylla A. mangium References
Average height (m) 16.7+0.4c 15.0+0.6d 22.0+0.6a 18.3+0.7b This study
Average DBH (cm) 18.3+1.1ab 16.0+1.4b 20.2+2.1a 19.7+2.0a This study
Canopy cover (%) 40.0+15.0a 45.0+13.1a 29.3+5.2a 60.6+2.2a Wang et al. (2009)
Light penetration (%) 9.35+2.18b 23.27+4.24a 12.42+2.07ab 22.771+3.94a Wang et al. (2009)
Litter mass (g/mz) 877+107a 741 + 134ab 361+38b 1124+ 134a Wang et al. (2009)
SBD (g/cm®) 1.54+0.07a 1.25+0.07c 1.40+£0.07b 1.39+0.10b Wang et al. (2009)
SOM (g/kg) 1.55+0.10a 1.57+0.11a 1.38+0.01a 1.57+0.36a Wang et al. (2009)
SHN (mg/kg) 101.27 +5.89a 100.21+4.32a 105.82+8.13a 120.25+1.85a Wang et al. (2009)
SEK (mg/kg) 111.60+17.18ab 99.57+5.32ab 67.47+1.92b 122.20+10.48a Wang et al. (2009)
SAP (mg/kg) 1.82+0.40a 2.32+0.93a 1.97+1.04a 1.97+0.58a Wang et al. (2009)
Total PLFAs (ng/g) 7003.10+ 1466.92a 5979.69+2219.38a 7288.89+1888.11a 7190.31 +1466.92a Sun et al. (2014)
Bacteria (%) 80 90 76 81 Sun et al. (2014)
Fungi (%) 10 9 10 10 Sun et al. (2014)

Values are mean + SD. Means within rows sharing the same letter are not significantly different (P <0.05)

DBH diameter at breast height, SBD soil bulk density, SOM soil organic matter, SHN soil hydrolyzed nitrogen, SEK soil exchangeable potas-
sium, SAP soil available phosphorus, Total PLFAs total phospholipid fatty acids in surface soil (05 cm depth)
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three duplicated treatments. The three plots were located at
the top, middle and bottom of the slope in the plantations.
The interval was approximately 80 m. After the understory
vegetation was cleared from the plots in April 2013, a total
of 360 litter bags (4 plantations X 3 plots per plantation X 15
types of litter bags X 2 collection times) were placed on the
soil surface. Each litter bag was tagged with a small PVC
slice. All litterfalls not in the litter bags were cleared every
2 weeks to avoid the effects from non-experimental factors.
The litter bags were collected after 6 months, 12 months
and 24 months, and the litter mass loss was measured. After
6 months, 12 months and 24 months, one litter bag of each
treatment was opened, and the decomposing leaves in the
litter bags were carefully removed with tweezers. The leaf
litter was cleaned with distilled water and oven-dried to a
constant weight. The litter mass loss was calculated by sub-
tracting the remaining dry mass from the initial dry mass to
obtain the percentage of mass loss.

Calculation of home-field advantage (HFA)

The home-field advantage (HFA) was calculated as follows
(Ayres et al. 2009a):

ADH; = HDD, — ADD, - H 4))
HDD;=(Dy — Dyy)+(Dy; — Dy )+(Dy — Dy) )
ADD,=(Dy - Dy)+(Djg — Dy )+(Dy. — Dy ) 3)
H = (HDD; + HDD; + HDD, + HDD,) /(N — 1) )

Where ADH, is the additional decomposition at home for
species i; i, j, k, and [ are litters derived from the four plant
species; I, J, K, and L are the areas dominated by species i, j,
k, and [, respectively; D is the decomposition rate; and HDD
and ADD represent home decomposition difference and
away decomposition difference, respectively. H represents
the mean home performance for all four species; and N is the
total number of species (i.e., four in this study). If ADH;> 0,
litter from species i decomposed faster than expected when
at home (i.e., there was an HFA); if ADH; =0, there was no
HFA; and if ADH <0, litter decomposition at home occurred
slower than expected (i.e., there was an away-field advan-
tage, AFA). We calculated ADH for each species in each
plot. The “home-field” and “away-field” in this study were
defined based on plantations type.

Statistical analyses

One-way analysis of variance (ANOVA) was performed
to test the differences in ADH among different species and
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in litter mass loss after 24 months among 15 types of lit-
ter bags. Differences were considered to be significant if
P <0.05 and the Duncan test was used for post hoc multiple
comparisons. General linear regression was used to describe
the relationship between litter richness and remaining litter
mass (%) in each of the four plantations. Two-way ANO-
VAs were then used to examine the effects of site, home
vs. away, and the interactions on litter mass loss. When all
single-species treatments were treated as one group and all
multiple-species treatments were treated as the other group,
and T-tests were used to examine the differences between
the two groups. The effects of duration, site, treatment, and
their interactions on litter mass loss were examined using
three-way ANOVAs. Least significant difference (LSD)
tests were used for post hoc multiple comparisons when an
effect was significant at @=0.05 (Ball et al. 2008). ANOVAs
were carried out to examine plot (three levels), duration (two
levels), the presence of each litter species (two levels), and
species interaction (Splnt, 11 levels) and their interactions
on litter mass loss in the four plantations. The value of Splnt
was used to test for non-additivity. Significant SpInt indi-
cated significant non-additivity, while no significant Splnt
indicated additivity. A nested model was used to detect the
rivet hypothesis (Giesselmann et al. 2010). The rivet hypoth-
esis suggests that increasing species richness can enhance
ecosystem functions, while idiosyncratic response hypoth-
esis suggests that species composition contributes more to
ecosystem functions. The rivet hypothesis was supported if
the relationship between time and litter richness was signifi-
cant, and idiosyncratic response hypothesis was supported
if the relationship between time and species components
was significant. All statistical analysis was performed using
SPSS16.0 for Windows software package.

Results

The influence of “away-field advantage” on litter
decomposition

The ADH values of the four species showed that S. superba
had a significant away-field advantage (ADH=—-36.17,
Fig. 1). In contrast, C. lanceolata had a significant home-
field advantage (ADH =24.38). A. mangium (ADH =2.35)
and E. urophylla (ADH=0.31), did not show a significant
home-field advantage. The values of ADH between S.
Superba and C. lanceolate were significantly different.

The relationship between litter richness and litter
decomposition

The litter richness and litter mass loss showed a significantly
negative relationship in C. lanceolata plantation (Fig. 2).
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Fig.1 Home- and away- field advantages of litters from S. superba,
E. urophylla, A. mangium, and C. lanceolata. ADH is the addi-
tional decomposition at home. If ADH;>0, there was a HFA; and if
ADH <0, there was an AFA. Note: One way ANOVA and Duncan
test were used. The columns with same letter means no significant
difference between each other

But no significant relationship was observed between litter
richness and litter mass loss in S. superba, A. mangium, and
E. urophylla plantations.

The mean litter mass loss of multi-species was relatively
higher than single-species in each plantation (Fig. 3). When
all single-species bags treated as one group and all multi-
species bags treated as the other group, the litter mass loss
of multi-species also tended to be higher than that of sin-
gle-species, but the difference was not significant (7 test,
N=4 for single-species, N=11 for multi-species, P=0.384;
Fig. 3).

The relationship between litter composition
and litter decomposition

Litter quality measures for S. superba, C. lanceolata, E.
urophylla, and A. mangium are shown in Table 2. The
initial N and lignin contents in leaf litter of S. superba
and A. mangium were higher than in the other two spe-
cies. A. mangium had the highest C (55.5%) and lignin
(57.7%) content. E. urophylla had the highest C/N (63) and
lignin/N (51) ratios. The P content in leaves of S. superba
and C. lanceolata were higher than in the other two spe-
cies. The decomposition results of all groups are shown
in Fig. 4. In the S. superba plantation, the mixed litters of
E. urophylla and A. mangium presented the highest litter
loss. In the C. lanceolate plantation, the mixed litters of

Fig.2 The relationship between 80
litter richness and litter mass E. urophylla S. superba
loss (in 24 months) in S. 70 | |
superba, E. urophylla, A. man- O
gium, and C. lanceolata forest O
plantations in South China 60 8 Q O 1 o 9 0
50 - @ O 1 8 O ®
O
— 40 - T
X
g O
0 30 T T T T T T
73
& 80
E A. mangium C. lanceolata
£ 70 S o i
=
8 8 O O
60 - 5 1 O 8 @)
50 o T 8
O y=5.35x+45.11
40 i #=0.4804
p =0.0042
30 T T T T T T T T
1 2 3 4 1 2 3 4

Litter richness
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Fig.3 Litter mass loss (in 100
24 months) in single- vs. E. urophylia S. superba
multiple-species litter bags in S.
superba, C. lanceolata, E. uro- 80 - a a 1 a
phylla, and A. mangium planta- —
tions, and the averaged values 60 - | a
across all four plantations in
South China. Data analysis was
conducted by 7 test method. 40 - R E— i
The boxes with same letter
means no significant difference 1
between each other 20 T T T T
100
A. mangium a_ C. lanceolata a
a
80 - a 8 1
S
>~ 60 1 1
n _1
o
40 -
@ —1— L
g
- 20 T T T T
_,g Single species  Mixtures Single species  Mixtures
-l
100
Total
80 a
a B
——
60 -
JR— —
o1 L
20 T T
Single species  Mixtures

Table 2 The initial chemical traits of fresh leaf litter of S. superba, C.
lanceolata, E. urophylla, and A. mangium

Charac- 8. superba  C. lanceolata E. urophylla A. mangium
teristic

C (%) 52.1+1.2a 50.6+0.7b 53.8+1.0a 555+23a

N (%) 1.35+0.05a 1.15+0.24ab 0.85+0.11b 1.31+0.27a
P (%) 0.04+0.0la 0.04+0.01a 0.02+0.01b 0.02+0.01b
Lignin 50.6+89a 32.5+3.4b 43.0+8.7ab 57.7+10.1a

(%)
C:N 38.6+4.4b 44.0+5.7b 63.3+3.6a 424+8.2b
Lignin: N 37.5+6.8ab 28.3+5.1b 50.6+7.8a 44.0+6.6a

Values are mean=+ SD. Means within rows sharing the same letter are
not significantly different (P <0.05)
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Species combination

S. superba, E. urophylla and C. lanceolate decomposed
the fastest. In the E. urophylla plantation, the litter of A.
mangium showed the highest litter loss. In the A. man-
gium plantation, the mixed litters of E. urophylla and A.
mangium decomposed the fastest. In addition, the Dura-
tion X SplInt effect was not significant, indicating that the
mixing of species had an additive effect on mass loss in
the S. superba, C. lanceolata, and A. mangium planta-
tions (Table 3). In the E. urophylla forest, however, the
strong interaction between duration and species interac-
tion (Duration X SpInt, P=0.010) indicated a non-additive
effect (Table 3). The presence of each species in the four
plantations had no effect on litter mass loss, except that
the presence of C. lanceolata significantly affected mass
loss in the E. urophylla planation. In the S. superba planta-
tion, the interaction between duration and A. mangium was
significant. In the E. urophylla plantation, the interaction
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Fig.4 Litter mass loss (in 100

24 months) of 15 types of litter

bags, including four single-spe-

cies, six two-species, four three-
species and one four-species

in S. superba, C. lanceolata

E. urophylla, and A. mangium
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between duration and S. superba or C. lanceolata signifi-
cantly influenced litter mass loss (Table 3).

In the S. superba and C. lanceolata plantations, plot,
duration, litter richness, composition, and their interac-
tions had no effect on litter mass loss (Table 4). In the
E. urophylla plantation, the effects of duration and the
interaction between duration and litter composition on lit-
ter mass loss were significant. In the A. mangium planta-
tion, duration and the interaction between duration and
litter richness also significantly affected the litter mass
loss (Table 4).

H
% (-
Qo)ﬁ
» [TH
% [
% -

RN NS NS
(b@ "(9 \xe X ¥ x(b((\ X x@ X X X X
[N S N P D N N> D
N N N N N )
C & L & »
X
I}
Litter types
Discussion

The home-field and away-field advantages
of litter decomposition in degraded monoculture
plantations

In this study, HFA was detected in three of the four sub-
tropical plantations, i.e., those with C. lanceolate, A. man-
gium and E. urophylla. These HFA effects were greater than
those reported by Veen et al. (2015) and Ayres et al. (2009a).
In contrast, a strong away-field advantage was detected in
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Table3 ANOVA statistics for the effects of duration, plot, species Table 3 (continued)
interaction (Splnt), the presence of each litter species (S. superba, C.

lanceolata, E. urophylla, and A. mangium), and their interactions on Source df. F P

litter mass loss in four plantations in South China C. lanceolata 1 3718 0.194

Source df. F P E. urophylla 1 1.079 0.409

S. superba plantation A. mangium. 1 8.175 0.105
Plot 2 2974 0219 Plot X Duration 4 0.277 0.891
Duration 2 4055 0.109 Durat?on X S. superba 2 0.412 0.688
Spint 10 1171 0.364 Durat?on X C. lanceolata 2 3.064 0.156
S, superba | 0.991 0.424 Durat?onXE. urophylla 2 0.361 0.717
C. lanceolata | 1738 0318 DuratTon XA. mangium 2 3.172 0.151
E. wophylla | 7558 0251 Duration X SpInt 20 1.469 0.149
A. mangium 1 2.243 0.273
Plot X duration 4 2.984 0.023
Duration X S. superba 2 0.447 0.668 Table 4 ANOVA statistics for the effects of plot, Duration, litter rich-
Duration x C. lanceolata 2 1.108 0414 ?(::ssss,i Iilg)elfr sp;iZilteaii gﬁ;nifr)losst)til(;ﬁ, CTI(:I athelr interactions on litter mass
Duration X E. urophylla 2 0.312 0.748
Duration X A. mangium 2 8.581 0.036 Source daf. F P
Duration X SpInt 20 1.038 0.445 S. superba plantation

C. lanceolata plantation Plot o) 1.694 0.349
Plot 2 0.656 0555 Duration 2 3.650 0.127
Duration 2 5.646 0.068 Richness 2 0.205 0.822
Splnt 10 1.010 0.468 Composition 8 1.857 0.142
8. superba 1 0245 0.670 Duration X richness 4 0.853 0531
C. lanceolata 1 0.340 0.619 Duration X composition 16 1.010 0.475
E. urophylla 1 0.617 0.515 C. lanceolata plantation
A. mangium 1 1.333 0.368 Plot 2 0.672 0.557
Plot X duration 4 8.119 0.000 Duration 2 5.646 0.068
Duration X S. superba 2 3.872 0.116 Richness 2 2.705 0.181
Duration X C. lanceolata 2 4.563 0.093 COH’IpOSitiOH 8 0.589 0.773
Duration X E. uraphylla 2 0.055 0.947 Duration X richness 4 0.800 0.558
Duration XA. mangium 2 0.554 0.613 Duration X composition 16 1.179 0.334
Duration X SpInt 20 1.094 0.392 E. urophylla plantation

E. urophylla plantation Plot 2 3.681 0.223
Plot 2 23.626 0.060 Duration 2 167.837 0.000
Duration 2 167.837 0.000 Richness 2 0.371 0.712
Splnt 10 1.494 0213 Composition 8 2.250 0.080
8. superba 1 3194 0.150 Duration X richness 4 0.730 0.596
C. lanceolata 1 39.007 0.025 Duration X composition 16 2.712 0.008
E. urophylla 1 3.386 0.207 A. mangium plantation
A. mangium 1 0.090 0.792 Plot 2 0.484 0.662
Plot X duration 4 0.194 0.940 Duration 2 109.074 0.000
Duration X S. superba 2 12.641 0.019 Richness 2 0.514 0.633
Duration X C. lanceolata 2 8.645 0.035 COIl’lpOSitiOl’l 8 1.349 0.291
Duration X E. urophylla 2 0.256 0.786 Duration X richness 4 4.510 0.036
Duration X A. mangium 2 0.465 0.658 Duration X composition 16 0.973 0.506
Duration X Splnt 20 2.362 0.010

A. mangium plantation The rivet hypothesi.s is supporte.d' if I?ure.ltioln Xrichness is si gniﬁc'ar.lt
Plot ) 3700 0243 (P< 0.05.). If Duration X compo.smon is mgmﬁ(fant (P<0.05), the idi-

osyncratic response hypothesis is supported (Giesselmann et al. 2010)

Duration 2 109.427 0.000
Splnt 10 0.984 0.488
S. superba 1 0.338 0.620
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the S. superba plantation. Generally, HFA of one species
is closely related to the litter quality in away sites (Veen
et al. 2015). When the litter quality differed, especially in
the N: P ratios of the home and away fields, the HFA of
the litters was higher. This phenomenon has been termed
the “substrate quality-matrix quality interaction (SMI)”
(Freschet et al. 2012; Perez et al. 2013). However, HFA in
our study was not determined by the differences in litter
quality between home—home and away sites, but rather was
inversely related to the litter quality of the selected species,
i.e., litter with lower quality had a higher HFA. Low-quality
litter usually contains complex chemicals, including lignin,
cellulose, and hemicelluloses, and is generally recalcitrant.
These litters may select local soil organisms that are able to
use them as sources of carbon, energy, and nutrients, result-
ing in a greater HFA (Ayres et al. 2009a, b). S. superba
litter, which had a high quality, showed a significant away-
field advantage. The main reason may be that the soil animal
and microbial community in the away field facilitated litter
decomposition due to the variations in litter structure and
chemistry (Ayres et al. 2009b). A novel litter with different
litter quality may contain resources that have been limit-
ing for the microbial community; and such litter could be
complementary for the detritivores. The differences in soil
animals and microbes between home and away fields thus
needs further study.

Effects of litter richness and composition on litter
decomposition in degraded monoculture
plantations

The effects of litter species richness on litter decomposition
vary among studies and there is no consensus regarding how
litter species richness may affect the litter decay rate (Hét-
tenschwiler et al. 2005; Ball et al. 2008). In our study, no
significant relationship between richness and litter decom-
position was observed in E. urophylla, S. superba, and A.
mangium plantations, but a significantly positive relationship
exists in C. lanceolata plantation. This may indicate that the
influence of litter richness on litter decomposition depends
the tree species in the monoculture plantations. Vivanco and
Austin (2008) found that tree species identity would alter
forest litter decomposition through long-term plant-envi-
ronment and interspecific interactions (Vivanco and Austin
2008). After more than 30 years’ natural development, every
monoculture plantation has created a specific habitat condi-
tion for growth and nutrient cycling, including temperature,
soil chemical-physical characteristics, soil microbes and soil
animals, which together influence the relationship between
litter richness and decomposition. Meanwhile, the non-addi-
tivity was only significant in the E. urophylla plantation.
The additive or non-additive effect is influenced by chemical
components of the mixed litters such as the contents of C, N,

P, and phenolics (Hector et al. 2000; Sun et al. 2009; Meier
and Bowman 2010; Chen et al. 2011, 2017). Our results indi-
cate that the tree species in the monoculture plantation may
determine the additive or non-additive effect of mixed litters.
The heterogeneity of habitat, nutrients, and microorganisms
created by different tree species during 30 years may be the
direct reason (Hittenschwiler et al. 2005; Kominoski et al.
2009; Kubartova et al. 2009; Yan et al. 2010).

Several hypotheses or models have been developed to
describe the effects of species richness and species iden-
tity on litter decomposition. Two such hypotheses are the
rivet hypothesis and the idiosyncratic response hypothesis
(Ehrlich and Ehrlich 1988; Lawton 1994; Giesselmann et al.
2010). The rivet hypothesis emphasizes the role of species
richness, while the idiosyncratic hypothesis emphasizes the
role of species composition. Many studies have shown that
the relationship between litter species diversity and litter
decomposition follows the idiosyncratic hypothesis (Gartner
and Cardon 2004; Ball et al. 2008; Giesselmann et al. 2010).
In our study, different models seemed to function in differ-
ent plantations. The idiosyncratic model may better describe
the litter decomposition in the E. urophylla forest because
of the Comopsition X Duration significant effect on litter
decomposition (Table 4). In the A. mangium forest, litter
richness significantly affected decomposition (Table 4), sug-
gesting that the rivet model may be appropriate. Based on
the rivet hypothesis, the litter species may show niche com-
plementarity and positive interactions with each other in the
A. mangium forest (Zhang and Zhang 2002). In S. superba
and C. lanceolate plantations, no significant idiosyncratic or
rivet effect was found in this study, implying that the litter
decomposition in these two plantations may be influenced
by multiple factors.

Using “away-field advantage” and “non-additive
effects” to manage the degraded monoculture
plantations in South China

Litter transplantation experiments are designed to validate
the relationship between species diversity and litter decom-
position as an ecosystem function. This study suggests that
litter transplantation could be used in the management of
degraded monoculture plantations in subtropical China.
In some degraded monoculture plantations, litter trans-
plantation could increase litter decomposition and nutrient
cycling. Taking the monoculture A. mangium plantation as
an example, the deep litter layer inhibits nutrient cycling
and seedling recruitment, thus causing degradation (Wang
et al. 2009). This study showed that S. superba litter had
a significant away-field advantage (57.5%), especially in
A. mangium plantation (Fig. 4). At the same time, the lit-
ter of E. urophylla+A. mangium decayed the fastest in the
S. superba plantation. This indicates that transferring S.
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superba litter to the A. mangium plantation and placing E.
urophylla+ A. mangium litter in the S. superba plantation is
a potential way to accelerate the nutrient cycling of degraded
plantations. This study also shows that the litter of A. man-
gium decomposed the fastest in the E. urophylla plantation,
suggesting that transplanting the A. mangium litter to the
E. urophylla plantation is a potential way of improving the
function of large areas of E. urophylla plantations in South
China. However, the litter-transplantation method needs
to create a minimum functional area that includes the S.
superba, E. urophylla and A. mangium plantations, else the
litter-transplantation method will be difficult to realize. As a
result, the reconstruction of large areas of E. urophylla plan-
tations and building an appropriate “minimum functional
area” may be the first step. The minimum functional area can
ensure the feasibility of the litter-transplantation method,
and this should be considered at the beginning of monocul-
ture plantation reconstruction in South China.

The results of the mixed-litter decomposition suggest
a mixed plantation prospect for the reconstruction of the
degraded monoculture plantations in South China. Gen-
erally, the mixed-species plantations had higher biomass
(Khanna 1997), a higher nutrient cycling rate (Santos et al.
2017), higher soil organic carbon (Forrester et al. 2013), and
greater microbial biomass and activity (Bini et al. 2013).
Our results showed that the mixed litters of A. mangium and
E. urophylla decomposed the fastest in the A. mangium plan-
tation. At the same time, the litter of A. mangium had the
highest decomposition rate in the E. urophylla plantation.
This indicates that a mixed plantation of A. mangium and E.
urophylla may be an appropriate choice when the govern-
ment reconstructs the large areas of E. urophylla plantations
in South China.

Conclusion

Litter decomposition is an important component of nutrient
cycling. A large number of monoculture plantations for res-
toration purpose in China show standstill, even degradation
in ecosystem functions because of the thick litter accumu-
lation. Thus, how to accelerate the litter decomposition is
a major challenge. Our mixed-litters transplanting experi-
ment showed that the species used for monoculture planta-
tions played an important role in the relationship between
litter composition/richness and litter decomposition. In E.
urophylla plantation, Composition X Duration shows a sig-
nificant effect on litter decomposition while litter richness
significantly affected decomposition in A. mangium planta-
tion. The litter of C. lanceolata had a significant home-field
advantage, while S. superba had a significant away-field
advantage in decomposition. The non-additive effect was
only significant in E. urophylla plantation. Based on the
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significant away-field advantage and non-additive effects,
transplanting the litter of S. superba would improve the A.
mangium plantation, and creating an A. mangium+ E. uro-
phylla mixed plantation was suggested as a potential strategy
for the reconstruction of large areas of E. urophylla in South
China.
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