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Abstract: To reveal the changes on the stock of the litter layer and its nutrient storage capacity during
Moso bamboo expansion in subtropical coniferous and broad-leaved forests, permanent plots were
set up in the transitional zone in Wuxie National Park, Zhuji, Zhejiang, China. The plots contained
conifer and broad-leaved forests (CFs), transition forests (TFs), and Moso bamboo forests (MFs),
which represented three stages of the expansion of Moso bamboo to the surrounding forests. Litter
samples were collected and analyzed by un-decomposed, semi-decomposed, and decomposed layers.
The stock of the litter layer, the content and storage of the main nutrient elements, and their release
rate were measured. It was revealed that the stock of the litter layer and each decomposition layer
decreased as the bamboo expands. However, the litter decomposition rate exhibited a positive
correlation with the expansion of Moso bamboo, which might be due to the change in the physical
properties of the litter. Meanwhile, there were no significant differences in the un-decomposed
and semi-decomposed layers of the litter contents of C, N, and P between the three forests, but the
contents of C, N, and P in the decomposed layer gradually decreased with the expansion of Moso
bamboo. There were no remarkable differences in the N content, C/N, C/P, and lignin/N values of
the un-decomposed layer of the three forests, indicating that the litter quality was not the principal
reason affecting the decomposition rate. The total nutrient storage in the litter layer decreased
significantly with the bamboo expansion, and the release rate of nutrient elements increased, which
was adverse to the accumulation and storage of the nutrients. The material cycle of the original forest
ecosystem is likely to deteriorate gradually with the bamboo expansion.

Keywords: bamboo invasion; litter layer; current stock; nutrient element; release rate

1. Introduction

Plant litter is an important part of forest ecosystems [1] and is the key nutrient pool of
the forest ecosystem [2]. Meanwhile, the litter layer formed on the ground surface has a
good water retention and heat insulation, which can effectively reduce soil erosion, buffer
the impact of extreme weather such as extreme temperature and extreme precipitation, and
maintain the stability of the soil environment [3]. In addition, the litter layer may have a
broad threshold of litter accumulation in different types of communities, which has the
potential to either enhance or reduce the productivity and variety of plants [4].

The litter layer often contains un-decomposed, semi-decomposed, and decomposed
litter, which contains leaf, flower, fruit, stem, and botanical remains [5]. The composition,
quantity, and dynamics of litter layers varies greatly due to differences in plant community
types, composition, environmental conditions, and human disturbance activities [6,7]. The
growth and decline of the litter layer composition and reserves reflect the differences
and the dynamic characteristics of plant communities. However, current research mainly
focuses on the yield and decomposition of the litter [2,8], studies about the stock and
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nutrients of the litter and the correlation between the litter and related factors are still rarely
reported [9,10].

CFs and MFs have a widespread distribution in the subtropical area of China, and the
two forest types often grow adjacent to each other. CFs are in the middle process of the
development of a coniferous plant community to an evergreen broad-leaved plant commu-
nity [11,12]. It has the advantages of high productivity, rich biodiversity, and complex and
diverse ecosystems. Moso bamboo occupies about 73 percent of the bamboo forest area
in China [13] and shows an increasing trend in recent years [14]. As a typical clonal plant
with a strong expansion ability, Moso bamboo could continuously extend into the adjacent
forests to form TFs or even pure bamboo forests [15]. Neighboring forest communities are
greatly threatened by the presence of Moso bamboo, so the potential invasiveness of Moso
bamboo in subtropical regions has been considered in recent studies [16–18].

The litter quantity and quality may change, and the composition and structure of the
forest community are simplified [19], along with the change of the site microhabitat during
the expansion of MFs [20]. The study of the litter layer is very important to understand
the changing stock characteristics of the litter layer in the forest during bamboo expansion,
mastering the changes of nutrients and energy in the community, understanding the
mechanism of community seedling regeneration, and deepening the understanding of the
Moso bamboo expansion mechanism. However, due to the lack of research on the storage
and nutrient characteristics of the litter layer in different degrees of bamboo expansion [21],
issues such as the litter storage and composition, and how the nutrient content of the litter
layer evolves are still unclear.

Therefore, in this study we chose a representative location where Moso bamboo has
been encroaching upon the CFs in China. We applied the “Space for Time” method [22]
to study the dynamic characteristics of the litter stock and main nutrient elements during
different stages of bamboo expansion. Revealing the changes in the stock and nutrient
properties of the litter layer during Moso bamboo expansion can provide a basis for
studying the matter cycling and energy conversion laws of the forest ecosystem, which is
of great significance for strengthening the management and maintaining soil fertility of the
mixed forest ecosystem after Moso bamboo expansion.

2. Materials and Methods
2.1. Research Site

This research was conducted at Wuxie National Forest Park (120◦2′40′′ E; 29◦44′15′′ N),
Zhuji city, Zhejiang Province, China. This area falls within the north-eastern extension of
the Longmen Mountains range, and it is characterized by a subtropical humid monsoon
climate. The region experiences four distinct seasons, with an average annual temperature
of 16.3 degrees and an average annual rainfall of 1374 mm [23]. The dominant soil type
is Ferralsols, and bedrock is mainly volcanic rocks and granite. The combination of CF
trees and bamboos results in the formation of a mixed forest between the two forest
types. The main species in the CFs include Liquidambar formosana, Schima superba, and
Pinus massoniana, etc.

2.2. Plot Setting

In May 2020, we chose three transects in the relatively gentle location in the mountains
that covered a CF, a TF, and an MF. The plot’s elevation ranges from 210 to 230 m and
consists of CFs, representing a forest stage unaffected by Moso bamboo expansion. TFs
represent the forest stage with a moderate Moso bamboo expansion, with a bamboo to
wood ratio of approximately 4:1. The MFs represent the forest stage heavily invaded by
Moso bamboo, where the bamboos dominate the tree layers [16].

As shown in Figure 1, the length and width of each transect was 80 m and 30 m,
respectively. A buffer zone of 5 m was designated around each horizontal transect. Within
the remaining area, three 20 m × 20 m sampling plots were established, spaced 5 m
apart [16] (Figure 1). The Quadrat method was used to investigate the plant community,
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and the specific survey methods can be found in reference [16]. The basic characteristics
and main tree species’ composition among the three forests were surveyed (Table 1).
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Figure 1. Transects, sampling plots, and small quadrats in this study.

Table 1. Survey of the three forests in the studied area [16]. The important value is equal to (relative
abundance, relative frequency, relative significance)/3.

Forest Type Stand Density (Plants/ha) Mean Tree Height (m) Mean DBH (cm) Dominant Species Important Value

CF 483.3 ± 28.9 15.63 ± 5.52 20.48 ± 9.64
Schima superba 27.6 ± 15.3
Liquidambar formosana 27.1 ± 11.4
Pinus massoniana 12.5 ± 5.7

TF 2275.0 ± 633.9 15.99 ± 3.68 13.18 ± 6.53
Phyllostachys
pubescens

48.2 ± 7.8

Pinus massoniana 15.6 ± 7.2
Schima superba 12.7 ± 2.0

MF 3058.3 ± 821.7 17.19 ± 3.18 12.45 ± 2.28
Phyllostachys
pubescens

64.9 ± 2.9

Schima superba 14.1 ± 0.1
Pinus massoniana 9.3 ± 0.3

2.3. Stock of the Litter Layer

In March 2021, we randomly arranged six 1 m × 1 m sampling points in every 20 m
× 20 m sampling plot [24]. Litter was collected from every small quadrat and then taken
back to the lab. According to the litter layer stratification criteria [25], the litters were
divided into un-decomposed, semi-decomposed, and decomposed layers. We classified the
un-decomposed layer of litter to dead leaves and others (deadwood, barks, fruits, flowers,
etc.), and then classified the dead leaves of the dominant species (broad leaves, needles,
bamboo leaves, etc.). The samples were dried at 70 ◦C to a constant weight, weighed, and
the dry matter weight per unit area of each component was calculated.

2.4. Chemical Analyses

The C, N, P, and lignin contents of the litter were analyzed after mixing the samples
from different litter layers of each sampling plot. The K2Cr2O7 oxidation method was
used to determine the total C content of the litter [26]. The total N content of the litter
was measured using the micro-Kjeldahl method with a Kjeldahl nitrogen analyzer (Hanon
K9860, Hanon Group, Jinan, China), after digestion with H2SO4 and H2O2. The total P and
lignin content of the litter was measured using the colorimetric method [27].

2.5. Statistical Analysis

The nutrient stocks of the litter layer and each decomposition stage was calculated

as follows: Dij =
Wi×Cij

1000 , where Dij was the stock of nutrient j in the decomposition
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layer i (kg/hm2), Wi was the litter stock in the decomposition layer i (kg/hm2), and Cij
was the content of nutrient j in the decomposition layer i (g/kg). The release rate of the
nutrients from the un-decomposed (or semi-decomposed) litter layer was calculated as
follows: ai =

Ai
Bi

, where αi was the release rate of nutrients i in the un-decomposed (or
semi-decomposed) layer, Ai was the difference between the nutrient stocks i in the un-
decomposed (or semi-decomposed) layer and semi-decomposed (or decomposed) layer
(kg/hm2), and Bi was the nutrient stock i in the un-decomposed (or semi-decomposed)
layer (kg/hm2). The decomposed layer was converted into soil organic matter, so the
nutrient release rate of the decomposed layer was not calculated in this study.

SPSS 26.0 software was used to process the data and a test of the significance of
difference (p < 0.05) was performed using the one-way ANOVA and LSD methods. The
graphs were plotted using Origin 2021 9.8.0 software. Data in the table represent the
average ± standard deviations.

3. Results
3.1. Stock and Composition of the Litter Layer

The stock of the litter layer in the three forests were 4.17, 4.30, and 2.13 t/hm2, re-
spectively, and the stock of the litter layer in MFs was less than that of CFs and TFs
(p < 0.05; Figure 2). The stratification of the litter layers into different stands was obvious,
all with un-decomposed, semi-decomposed, and decomposed layers. The stock of each
litter layer of MFs was lower than that of CFs and TFs, and the difference between the
un-decomposed layers was the highest (p < 0.05). In CFs and TFs, the percentage of stock in
the un-decomposed layer to the litter layer was 43.45% and 48.70%, respectively. The stock
of the un-decomposed layer was obviously higher than that of both the semi-decomposed
and decomposed layers (p < 0.05). However, there were no obvious differences among
the un-decomposed layer, semi-decomposed, and decomposed layer of MFs (p > 0.05),
the percentage of stock in the un-decomposed layer to the litter layer was only 32.84%.
The percentage of stock in the semi-decomposed layer and the decomposed layer to the
litter layer were 31.18% and 35.99%, respectively, indicating that about 2/3 of the litter had
been transformed into semi-decomposed and decomposed, and more than 35% had been
transformed into humus.
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As Figure 3 shows, the proportion of leaf stock in the un-decomposed layer of the
three forests exceeded 50% of the total litter stock, and MFs were the highest, reaching 89%.
In general, as the expansion of the bamboo intensifies, the proportion of conifers increased
at first and then decreased, the proportion of broad leaves continued to decrease, and the
proportion of bamboo leaves increased significantly. The others such as deadwood, bark,
fruits, and flowers increased slightly and then decreased significantly.

Forests 2024, 15, x FOR PEER REVIEW 5 of 13 
 

 

 
Figure 2. Stock and composition of the litter layer in the studied forests (SFs, TFs, and MFs). Differ-
ent capital letters indicate the differences between different decomposition layers of the same forest 
(p < 0.05), and different lowercase letters indicate significant differences between different forests (p 
< 0.05). 

 
Figure 3. Litter composition of un-decomposed layers in the studied forests. 

  

Figure 3. Litter composition of un-decomposed layers in the studied forests.

3.2. C, N, P, and Lignin Contents in the Litter Layer

As the bamboo expands, the average content of C in the litter layer of the three forests
presented a trend of rising and then decreasing significantly (p < 0.05). N and P content
showed a downward trend overall, but not at a significant level (p > 0.05; Figure 4). The
content of C, N, and P had no significant differences between the un-decomposed and
semi-decomposed layers in the studied forests (p > 0.05); however, it was significantly
reduced in the decomposed layer (p < 0.05). The average content of lignin in the litter layer
significantly increased with the Moso bamboo expansion (p < 0.05), but the lignin content
of the same decomposition layers between the three forests did not reach a significant level
(p > 0.05).

The content of C in the same forest decreased with the litter decomposition. Among
them, the decomposed layer of CFs and TFs differs significantly from the un-decomposed
and semi-decomposed layers (p < 0.05), but the difference between the un-decomposed and
semi-decomposed layers was not significant (p > 0.05). The difference between the different
decomposition layers of MFs was significant (p < 0.05).

The content of N in each decomposition layer of CFs and TFs increased with the litter
decomposition. The un-decomposed layer of CFs and TFs differs significantly from the
semi-decomposed and decomposed layer (p < 0.05), but the difference between the semi-
decomposed and decomposed layer was not remarkable (p > 0.05). In MFs, the content of
N in the semi-decomposed layer was the highest, and the un-decomposed layer was the
lowest. The semi-decomposed layer of MFs differs significantly from the un-decomposed
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and decomposed layers (p < 0.05), but the difference between the un-decomposed and
decomposed layers was not significant (p > 0.05).

Forests 2024, 15, x FOR PEER REVIEW 6 of 13 
 

 

3.2. C, N, P, and Lignin Contents in the Litter Layer 
As the bamboo expands, the average content of C in the litter layer of the three forests 

presented a trend of rising and then decreasing significantly (p < 0.05). N and P content 
showed a downward trend overall, but not at a significant level (p > 0.05; Figure 4). The 
content of C, N, and P had no significant differences between the un-decomposed and 
semi-decomposed layers in the studied forests (p > 0.05); however, it was significantly re-
duced in the decomposed layer (p < 0.05). The average content of lignin in the litter layer 
significantly increased with the Moso bamboo expansion (p < 0.05), but the lignin content 
of the same decomposition layers between the three forests did not reach a significant level 
(p > 0.05). 

 
Figure 4. Content of C, N, P, and lignin in the litter layer of the studied forests. Different capital letters 
indicate the differences between different decomposition layers of the same forest (p < 0.05), and different 
lowercase letters indicate significant differences between different forests (p< 0.05). 

The content of C in the same forest decreased with the litter decomposition. Among 
them, the decomposed layer of CFs and TFs differs significantly from the un-decomposed 
and semi-decomposed layers (p < 0.05), but the difference between the un-decomposed 
and semi-decomposed layers was not significant (p > 0.05). The difference between the 
different decomposition layers of MFs was significant (p < 0.05).  

The content of N in each decomposition layer of CFs and TFs increased with the litter 
decomposition. The un-decomposed layer of CFs and TFs differs significantly from the 
semi-decomposed and decomposed layer (p < 0.05), but the difference between the semi-
decomposed and decomposed layer was not remarkable (p > 0.05). In MFs, the content of 
N in the semi-decomposed layer was the highest, and the un-decomposed layer was the 
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letters indicate the differences between different decomposition layers of the same forest (p < 0.05),
and different lowercase letters indicate significant differences between different forests (p< 0.05).

The content of P in the same forest generally increased with the litter decomposi-
tion. The un-decomposed layer of the three forests differs significantly from the semi-
decomposed layer and the decomposed layer (p < 0.05), but the difference between the
semi-decomposed and decomposed layers was not significant (p > 0.05).

The content of lignin in the same stand generally increased with the litter decomposi-
tion, but the difference between different decomposition layers of the three forests was not
significant (p > 0.05).

3.3. Stoichiometric Ratio of C, N, P, and Lignin in the Litter Layer

As Figure 5 shows, there were no obvious differences in the litter C/N and C/P ratios
of un-decomposed and semi-decomposed layers in the three forests (p > 0.05), but the
C/N ratio of the decomposed layer in MFs was significantly less than that of CFs and TFs,
and the C/P ratio was significantly less than CFs (p < 0.05). In the same forest, the C/N
and C/P ratios decreased with the litter decomposition, which was consistent with the
trend of C content. It may be due to the high ratio of C/N and C/P in the litter of the
un-decomposed layer and the enrichment phenomenon of N and P occurring during the
decomposition of the litter or being slowly released, which results in the N and P content
of the semi-decomposed and decomposed layers remaining at a high level. So, there were
significant differences in the C/N and C/P ratios between the different decomposition
layers (p < 0.05).
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(p < 0.05).

With the intensification of bamboo expansion, the lignin/N ratio of the litter layer
and different decomposition layers of the studied forests demonstrated an overall upward
trend. Among them, the mean and decomposed lignin/N ratio of MFs were significantly
higher than those of CFs and TFs (p < 0.05). In the same forest, the lignin/N ratio of the
three forests decreased first and then increased with the decomposition of the litter. The
un-decomposed layer of CFs was obviously higher than that of the semi-decomposed layer
and the decomposed layer (p < 0.05). The un-decomposed layer of TFs was obviously
higher than that of the semi-decomposed layer (p < 0.05). The difference between the
different decomposition layers of other forests was not significant (p > 0.05).

3.4. Stock and Release Rate of C, N, and P of the Litter Layer

As shown in Table 2, the total nutrient element reserves in the litter layer decreased signif-
icantly with the Moso bamboo expansion. From CFs to MFs, it decreased by 806.50 kg/hm2.
Overall, the stock of C in the litter layer and the same decomposition layer had a trend of rising
at first and then falling in the studied forests. The stock of N and P in the litter layer and the same
decomposition layer showed a downward trend. Except for the stock of C, N, and P between
the semi-decomposed layers of MFs and TFs, the stock of nutrient elements in the litter layer
and the same decomposition layer of MFs was less than CFs and TFs (p < 0.05). In addition, the
percentage of total nutrient element reserves in the un-decomposed layer to the litter layer of
MFs dropped to 46.01%, obviously lower than that of CFs (51.20%) and TFs (59.34%).
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Table 2. Nutrient stock and release rates of the litter layers in the studied forests/(kg/hm2).

Forest Type Litter Layer C N P Total

CF Un-decomposed 722.25 (42.21) Ab 17.87 (10.82) Ab 0.62 (9.73) ABb 740.75 (41.42) Ab
Semi-decomposed 417.42 (39.31) Ba 15.94 (−12.83) Aa 0.56 (−31.01) Ba 433.92 (37.30) Ba

Decomposed 253.34 Cb 17.99 Aa 0.74 Aa 272.06 Cb
Total 1393.00 b 51.80 a 1.93 a 1446.73 b

TF Un-decomposed 916.43 (67.87) Aa 20.65 (52.10) Aa 0.71 (51.16) Aa 937.79 (67.51) Aa
Semi-decomposed 294.43 (−7.52) Bb 9.89 (−107.59) Bb 0.35 (−102.79) Bb 304.67 (−10.88) Bb

Decomposed 316.57 Ba 20.54 Aa 0.71 Aa 337.81 Ba
Total 1527.43 a 51.08 a 1.77 b 1580.27 a

MF Un-decomposed 287.11 (16.30) Ac 7.24 (−26.18) Bc 0.24 (−38.18) Bc 294.59 (15.21) Ac
Semi-decomposed 240.32 (63.99) Bb 9.13(1.94) Ab 0.34 (−7.30) Ab 249.79 (61.63) Bb

Decomposed 86.53 Cc 8.96 Ab 0.36 Ab 95.85 Cc
Total 613.96 c 25.33 b 0.94 c 640.23 c

Data in brackets indicate element release rate (%). Different capital letters in the same column indicate the
differences between different decomposition layers of the same forest (p < 0.05), and different lowercase letters
indicate significant differences between different forests (p< 0.05).

In the same forest, the stock of different nutrient elements in the litter layer and each
decomposition layer were C > N > P. With the decomposition of litter, carbon stocks overall
showed a downward trend, and N and P stocks showed an upward trend. The total nutrient
release rates of CFs, TFs, and MFs from the un-decomposed layer to the semi-decomposed
layer were 41.42%, 67.51%, and 15.21%, respectively, while from the semi-decomposed layer
to the decomposed layer were 37.30%, −10.87%, and 61.63%, respectively (Table 2). The
total release rate of nutrients in the semi-decomposed layer was significantly less than that
of the un-decomposed layer of CFs and TFs, while MFs significantly increased. The release
rate of different nutrient elements from the un-decomposed layer to the semi-decomposed
layer was −38.18%–67.87%, and from the semi-decomposed layer to the decomposed layer
was −107.59%–63.99%, of which C was the highest, after N, and P was the lowest.

4. Discussion
4.1. Impacts of Moso Bamboo Expansion on the Stock of the Litter Layer

The stock of the litter layer mainly depends on the amount of litterfall and its de-
composition rate [28], which is affected by biological factors, abiotic factors, and plant
characteristics [29,30]. Under the same climatic conditions, the species composition, litter
amount, and decomposition rate of different woodlands are different, so the stock of litter
in different woodland litter layers and their decomposition layers is also different [7]. There
were differences in the development degree, stand structure, and tree species composition
of the three forests (Table 1), which affected the nature and decomposition of the forest
litter layer and determined the stock and composition of the litter layer in different forests.
The litter stocks of the three forests in the studied area showed TFs > CFs > MFs (Figure 2),
which first increased and then decreased significantly with the expansion of bamboo. This
may be closely related to the change of the stand structure in the three forests. Studies have
shown that the litter stocks are significantly positively correlated with the average breast
diameter and stand density of the forest [31]. In the middle stage of bamboo expansion,
although the average breast diameter of the forest decreased, it was mainly small-breasted
conifer and broad-leaved trees that died, with a retention of large-diameter trees, and an in-
crease in stand density [16], so the stock of the litter layer increased. With the intensification
of bamboo expansion, the original conifers and broad-leaved trees died in large numbers.
The average breast diameter of the forest stands decreased, plant species decreased, woody
plant diversity decreased, the proportion of large trees decreased, community hierarchy
gradually became monolithic, and species metabolism slowed down, resulting in a de-
crease in the amount of litterfall, which was not conducive to the accumulation of litter on
the surface.
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Research shows that the stock of litter in the un-decomposed layer is not only related
to the amount of litter falling in the community but also related to external environ-
mental conditions and litter characteristics [32]. In this research, the percentage of litter
stock in the un-decomposed layer of different forests was different, the litter stocks of
the un-decomposed layer of the CFs and TFs were obviously higher than those of the
semi-decomposed and decomposed layers (Figure 2, p < 0.05), which showed that the litter
stock of the CFs and TFs were dominated by fresh litter. Our results are consistent with the
study by Zhao et al. [33] on the litter stocks of native forest litter in the Maolan Karst. The
decomposition of the surface litter layer mainly includes water leaching, photodegradation,
natural fragmentation, soil animal feeding, and microbial decomposition [34]. The frequent
precipitation and strong leaching in the study area led to the rapid loss and degradation of
carbohydrates and water-soluble substances in the litter of the un-decomposed layer [35],
while cellulose, lignin, and other substances are difficult to decompose, and accumulate in
the semi-decomposed and decomposed layers, resulting in a decrease in the decomposition
rate of litter, so that litter can accumulate [36]. However, there were no differences between
the un-decomposed layer and the semi-decomposed and decomposed layers in the litter
stock of MFs (Figure 2, p > 0.05). The results indicated that with the intensification of bam-
boo expansion, the ability of the un-decomposed litter to migrate to the semi-decomposed
and decomposed layers and the litter decomposition rate increased. Among them, the
proportion of defoliation content in the total litter of the MFs’ un-decomposed layer in-
creased significantly (Figure 3), which may be one of the main causes for the increase in
its decomposition rate, because the leaf cuticle is thinner and litter decomposes relatively
quickly, so more litter is converted to soil organic matter [37].

4.2. Impacts of Moso Bamboo Expansion on C, N, P, and Lignin Content and Their Stoichiometric
Ratios in the Litter Layer

The nutrient content of litter depends on the uptake of soil nutrients by vegetation,
which is associated with the plant characteristics and the content of soil nutrients [38].
In this study (Figure 4), the average N content of the litter layer (11.94–12.89 g/kg) was
slightly higher than that of global woody plant litter N (10.9 g/kg), and the average
P content (0.43–0.49 g/kg) was obviously lower than that of global woody plant litter
P (0.85 g/kg) [39]. However, it was found that the average N and P contents of the litter
layer of the three forests were not much different, and it is likely that the growth of
vegetation in this area is limited by N and P elements, resulting in the convergence in the
absorption of these limiting elements by vegetation [40].

Studies have shown that the change in the nutrient element content in litter is related
to the release pattern of each element during litter decomposition [41]. In this research,
the C content of the three forests decreased with decomposition (Figure 4), which may
be associated with the consumption of litter organic matter via microbial activity [42].
Among the different decomposition layers, the C content of the litter was highest in the
un-decomposed layer and gradually decreased with the intensification of decomposition,
which was consistent with the conclusions of Li et al. [43] and Yu et al. [44]. The N and P
contents of the three forests showed the mode of enrichment or first enrichment and then
release (Figure 4). It is mainly due to the loss of soluble sugar, organic carbon, and other
substances in the litter, which makes the mass loss of the litter obvious, while the release of
N and P lags the mass loss [45], so results indicated that the C content gradually decreases
and the N and P content increase relatively in our study. A strong enrichment mode is
displayed, which might be related to the decomposition of litter from different forests in
the study area being relatively strongly limited by N and P.

The decomposition of litter is largely affected by various factors like N content and
C/N and lignin/N ratios [46]. Studies have indicated that the decomposition rate of litter is
proportional to the initial N concentration [47,48], and the ratio of C/N, C/P, and lignin/N
are significantly negatively correlated with the decomposition rate of the litter [49–51]. In
this research, there were no significant differences in the N content and the ratio of C/N,
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C/P, and lignin/N of the un-decomposed layers of the three forests (Figure 5), indicating
that initial nutrients in the litter were not the main reason affecting the decomposition
rate of the litter in the three forests. The N/P ratio is often used to reflect which nutrients
are limited by vegetation growth, and to a certain extent, it can also reflect the supply
of nitrogen and phosphorus elements from the soil [52,53]. In this research, the average
ratio of N/P in the litter of the three forests was 27.31–28.96, which was obviously higher
than the N/P average of global woody vegetation (p < 0.05) [39]. In addition, Koerselman
et al. [54] showed that litter decomposition was limited by P when N/P > 16, indicating
that the plant growth and development in the study area was significantly limited by P [55].

4.3. Impacts of Moso Bamboo Expansion on Nutrient Element Reserves of the Litter Layer

The nutrient reserves of the litter layer are associated with the stock and nutrient con-
tent of the litter layer. In this study, with the bamboo expansion, the litter stocks decreased
significantly (Figure 2) more than the decrease in each nutrient content (Figure 4). Therefore,
the total reserves of litter nutrients decreasing with the bamboo expansion is consistent with
the conclusions of Chen et al. [56], which showed that the total reserves of litter nutrients
were mainly directly affected by the stocks of the litter layer [57]. However, the percentage
of total nutrient element reserves in the un-decomposed layer to the total nutrient element
reserves in the litter layer obviously decreased as the Moso bamboo expansion intensifies,
which might be due to the high decomposition rate and nutrient release rate of litter in MFs
(Table 2). The results indicated that with the bamboo expansion, the ability of nutrients
to migrate to the humus layer was increased, which may be conducive to the return of
nutrients. But it was unclear whether these elements will remain fixed in the humus, so
more measurements should be taken in further studies to prove this conclusion.

During the bamboo expansion, the composition of above-ground plants continues to
change, and the composition and quantity of the litter also changes. Therefore, long-term
positioning studies in the future are needed to accurately reflect the effects of vegetation
restoration on the stock of the litter layer and its C, N, and P stoichiometry. In addition,
litter decomposition and nutrient release are affected by a combination of factors, like
changes in soil microorganisms, animals, and understory microenvironments. Therefore, in
the process of litter decomposition of different forests, the factors and their comprehensive
driving mechanisms need to be further studied.

5. Conclusions

After the bamboo expansion, the stock of the litter layer and each decomposition
layer decreased significantly, and the litter stock of MFs only accounted for about 50%
of CFs or TFs. The contents of the main nutrient elements in the litter layer and each
decomposition layer showed different characteristics with the bamboo expansion, among
which the C content first increased and then decreased significantly, the N and P contents
decreased overall, and the lignin content increased obviously. At the same time, the total
reserves of litter nutrients decreased by 806.50 kg/hm2 from CFs to MFs, which was mainly
directly affected by the reduced stocks of the litter layer. Although the ability of the un-
decomposed litter to migrate to the semi-decomposed and decomposed layers and the litter
decomposition rate increasing after the expansion, there were no obvious differences in the
N content and the ratio of C/N, C/P, and lignin/N of the un-decomposed layers of the
three forests, which means the change in the physical properties of the litter may be one
of the main reasons affecting litter decomposition, independent of the substrate quality of
litter. These results indicate that the nutrient migration to the humus layer capacity of the
litter is increased after the bamboo expansion; however, due to the significant reduction
in nutrients in the litter layer and each decomposition layer, was not conducive to the
maintenance and accumulation of soil nutrients, and inhibited the formation of nutrient
biological cycling and self-maintenance mechanisms in the ecosystem. The material cycle
of the original forest ecosystem is likely to deteriorate gradually with the expansion of
Moso bamboo.
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