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Abstract: Functional characteristics reflect plant strategies and adaptability to the changing envi-
ronment. Determining the dynamics of these characteristics after harvesting would improve the
understanding of forest response strategies. Strip clearcutting (SC) of moso bamboo forests, which
significantly reduces the cutting cost, has been proposed to replace manual selective harvesting. A
comparison of restoration features shows that 8 m is the optimal cutting width. However, the precise
response of functional features to the resulting harvest-created gap remains unclear. In this study,
three SC plots were selected which was performed in February 2019, with three unharvested plots as
a control (C). The study focused on 10 functional traits, including leaf area (LA), specific leaf area
(SLA), leaf dry matter content (LDMC), leaf nitrogen content (LNC), leaf phosphorus content (LPC),
nitrogen/phosphorus ratio (N:P), wood density (WD), fine root biomass (FRB), specific fine root
length (SRL), and root length density (RLD). A one-way ANOVA was used to compare differences
in functional traits and soil nutrients between treatments. Strip clearcutting significantly reduced
the soil organic carbon (SOC) and total nitrogen (TN) contents (p < 0.05). In terms of functional
characteristics, SC significantly decreased LA and increased LNC, LPC, and N:P (p < 0.05). However,
SC had no significant effect on fine root traits (p > 0.05). This study highlighted that root trait, soil
content of total phosphorus (TP) and total potassium (TK) returned to the level of uncut plots after a
year’s recovery. The LPC, LNC, and N:P were negatively correlated with LA, and LDMC and WD
were negatively correlated with SLA, while the effect of SC on fine root traits was limited (p > 0.05).
Fine root traits (FRB, RLD, and SRL) were positively associated with SOC, TN, and TP, but negatively
correlated with TK. The changes in soil nutrient content caused by the removal of biomass were
normal. Increased light and the rapid growth of new trees will increase nutrient regressions; therefore,
these results further confirm the feasibility of SC.

Keywords: moso bamboo forest; strip clearcutting; functional traits; soil nutrients

1. Introduction

China has an extensive range of bamboo species, which are widely distributed in the
country. Moreover, China was the first country to utilize bamboo in construction materials,
food, furniture, biomass energy, and other fields [1]. More than 500 species of bamboo,
from 39 genera, are found in 13 provinces in China [2]. Moso bamboo (Phyllostachys edulis
(Carrière) J. Houz.) covers 4.67 million ha, accounting for 72.96% of the total bamboo forest
area [2]. However, the high cost of harvest, caused by a shortage of labor, has become a
practical problem in its production. This expense has also reduced the interest in artificial
management, and many bamboo plantations are now neglected. High densities of moso
bamboo adversely affect understory vegetation and nutrient cycling [3]. These problems
have reduced productivity and bamboo production, and ultimately have serious effects on

Forests 2021, 12, 793. https://doi.org/10.3390/f12060793 https://www.mdpi.com/journal/forests

https://www.mdpi.com/journal/forests
https://www.mdpi.com
https://doi.org/10.3390/f12060793
https://doi.org/10.3390/f12060793
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/f12060793
https://www.mdpi.com/journal/forests
https://www.mdpi.com/article/10.3390/f12060793?type=check_update&version=2


Forests 2021, 12, 793 2 of 12

the sustainable management of plantations. There is, therefore, increasing demand for cost
reductions in the management of moso bamboo forest.

Strip clearcutting (SC) has been proposed as a solution to the aforementioned problems
in moso bamboo forests. Wang et al. [4] proposed the model of strip cutting to reduce the
labor shortage for Phyllostachys glauca forest management, based on cloning integration
characteristics. Mother bamboo trees provide nutrients to shoots and new trees in the
cutting area through clonal integration within a certain distance, and this distance of
nutrient transport has no effect on the development of mother bamboo, which is defined
as the effective distance. Moreover, the improved quality of new trees validated the
effective distance of nutrient transport [4]. Clonal integration has little negative influence
on the growth of new bamboo in the reserved belt, suggesting that the SC model is
feasible [4]. A field experiment on moso bamboo set different cutting widths, and examined
several indexes (including the number of shoots and new trees, diameter at breast height
(DBH), biomass, chlorophyll, reducing sugar, and soluble protein) in postharvest plots, and
recommended an 8 m width as the optimal size [5,6]. However, studies have shown that
harvesting alters the understory species, soil conditions, and microbial activity [7].

Functional traits reflecting plant strategies and adaptability to the environment [8] can
be used to evaluate the resilience of a community to disturbance. Functional traits have
increasingly been used to establish a model to predict the response mechanism of ecological
communities to abiotic disturbance [9]. Changes in the availability of any resource trigger
alterations in functional traits determining the ability of plants to access that resource [10].
One hypothesis is that resource stress that breaks through the tolerance of plants leads to
higher growth potential, reflecting the tradeoff between rapid resource acquisition and
conservation [11]. Forest succession after natural disturbance reveals general changes in
functional traits [12]. Five years after thinning took place, the community weighted mean
value of seedling specific leaf area (SLA) decreased significantly, while wood density and
mean maximum height increased [13]. High SLA means less dry matter investment, higher
growth rate, and shorter life span, indicating a resource scarcity in the development of
plants [14]. Moso bamboo has higher phenotypic plasticity to heterogeneous habitats due
to its clonal growth [15]. Cloning integration reflects the fact the stem growth is supported
by carbohydrates from the mother plant, rather than its own photosynthesis [16,17]. When
moso bamboo expands into broad-leaved forest, it adopts certain measures to adapt to a
different habitat [18,19]. In this framework, trait variation is considered to be related to
changes in environmental factors.

Previous research on moso bamboo forests has mainly focused on how cutting affects
aboveground growth and soil nutrients; however, the effect of cutting at the effective
distance on a functional trait is still unclear [5,6,20,21]. Improving understanding of how
functional traits respond to SC is crucial for the sustainable management of bamboo forest
ecosystems, from the perspective of nutrient capture ability. In this study, SC was conducted
on plots with a width of 8 m, with the unharvested plot as the control (C). The hypothesis
is that plant tolerance will not be affected by SC at the optimal width. Therefore, there will
be no significant differences in functional traits between the two treatment sites. There will
be a correlation between soil nutrient factors and functional traits. The following questions
were investigated: (1) do differences in functional traits occur between new trees in the
harvested (SC) and unharvested plots? To compare changes in growth strategies, data were
collected from a wide range of traits, including leaf traits, wood traits, fine root traits, and
nutrient elements; (2) what effect do soil factors have on functional traits after harvesting?
A correlation analysis was used to determine this.

2. Material and Methods
2.1. Site Description

This study was conducted in the Yixing Forest Farm (25◦50′36”−2◦26′30” N, 117◦48′30”−
118◦40′ E), in southern Jiangsu Province, China. This region is dominated by low mountain
and hilly terrain, and the soil type is yellow clay, according to the classification and codes
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for Chinese soil (GB/T 17296-2009). The area is characterized by a maritime monsoon
climate, with an annual average temperature of 15.7 ◦C and precipitation of 1167 mm. The
weather is characterized by four distinct seasons, plenty of sunshine, and high humidity.
The growing period can continue for approximately 250 days. The farm was established
in March 1950 and had 120 ha of monodominant moso bamboo forest. There were no
pests and diseases, and no fertilization treatments in the region. The average DBH and
bamboo heights are 8.13 cm and 13.37 m, respectively, and the average tree density is
3375 stems ha−1. Moso bamboo has a particular characteristic; it has a two-year vegetative
cycle called ‘du’, which includes both an ‘on-year’ and ‘off-year’. On the farm, it is obvious
when moso bamboo is in an on-year and when it is in an off-year [22]. The prominent
understory species include Hedyotis chrysotricha, Carex breviculmis, Paederia cruddasiana,
Oxalis corniculata, and Salvia prionitis.

Strip clearcutting means cutting down all the trees in the plot and taking the whole
plant out of the experiment site. A complete rotation system reserved two belts between
each cut belt, cutting one reserved belt after the cutting belt restoration, and then cutting
another reserved belt after the reserve-belt cut restoration. The function of the reserved
plots was to provide nutrients to the strip-cut belts through physiological integration. In
other words, each cut plot had two retention plots to provide nutrients for the recovery
period. No management practice was conducted in the harvest plots and reserve plots
during the restoration period. The test was performed in an area with uniform environ-
mental and topographical quality. This study design had two different types of treatment:
plots that underwent SC in February 2019, and unharvested plots (C). Cutting plots were
24 m × 20 m, including an SC belt (8 m × 20 m), and two reserved plots of the same size.
Meanwhile, four trenches (50 cm width × 50 cm depth) were excavated around the plot to
cut off rhizomes to stop the influence of long-distance nutrient transport. The C treatment
with (8 m × 20 m) uncut plots was also included. Each treatment was replicated three
times; a total of six plots was established, and the distance between each treatment plot
was less than 50 m. The study area slope was approximately 6◦. New shoots began to
emerge in April 2019 and turned into trees in July 2019.

2.2. Leaves and Branch Sampling and Analysis

Fresh leaves were collected in October 2020. In the postharvest plot, 30 leaves were
taken at different heights from each new tree, and a total of 2280 leaves were collected.
The investigation of leaves was based on trees of the same age, as no shoots grew within a
year of recovery. Therefore, 12 trees that matured in 2019 were randomly selected from
each unharvested plot, and a total of 1080 leaves were collected. The petiole was removed
and the leaf was soaked in water and kept in darkness for 12 h [18]. The surface water
was wiped with absorbent paper and weighed (fresh weight) using an electronic balance
(0.0001 g). Leaf characteristics were scanned using a ScanMaker i800 scanner and stored
as JPEG files (300 dpi). The leaf area (LA) analysis software (WSeen’s Leaf Area Analysis
System, model_LA-S, China) was used to analyze the leaf size. After analysis, leaves
were oven-dried at 65 ◦C for 48 h to a constant weight, and then weighed. Specific leaf
area (SLA) is an important index that reflects plant adaptability to light, nutrient, and
community environments [11]. The leaf dry matter content (LDMC) can reflect the leaf
carbon economy [11] and shows more variation than SLA [18]. The leaf nitrogen content
(LNC) and leaf phosphorus content (LPC) reflect the capacity to photosynthesize and use
mineral elements [11], and the nitrogen-phosphorus ratio (N:P) is commonly used to assess
nutrient elements that limit community productivity [23]. Wood density (WD) reflects
the variation in water acquisition strategies [12]. In this study, SLA was expressed as the
ratio of fresh leaf area to dry mass [18]. The leaf dry matter content was expressed as
the ratio of dry mass to fresh mass [18]. Leaf nitrogen content was determined using an
elemental analyzer (Costech ECS 4024 CHNSO, Picarro, Italy). Leaf phosphorus content
was determined following the molybdenum-antimony resistance colorimetric method
(concentrated H2SO4-HCLO4) using an automatic chemical analyzer (Smartchem 300,
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AMS, Italy). To avoid any negative effects of wood density survey sampling on new tree
growth, 1–2 cm long branches were used instead of the trunk core. The calculated WD
refers to the Chinese testing methods for physical and mechanical properties of bamboo
(GB/T 15780-1995) [24].

2.3. Fine Root Sampling and Analysis

The fine root sampling was conducted in October 2020, when growth was slow [25].
Ten cores (70 mm diameter, 10 cm height) were sampled along the median line of each plot.
Sampling was divided into 0–10, 10–20, and 20–40 cm, and these layers contained almost
all of the fine roots [26]. The roots and soil were separated by a 2.0 mm sieve, then washed
with running water on a 0.49 mm sieve. The roots were put into an evaporating dish and
classified using a vernier caliper, tweezers, and a magnifying glass. The live and dead
roots were identified according to configuration, color, and elasticity [26]. In this study,
a diameter < 2 mm was defined as the fine root [26]. The fresh fine roots were weighed
by an electronic balance (0.0001 g) and scanned by a ScanMaker i800 scanner, and images
were stored as JPEG files (300 dpi). The root analysis system (WSeen’s Root Analysis
System, model_LA-S, China) was used to analyze the fine root length (RL, cm). The roots
were oven-dried at 65 ◦C to a constant weight to obtain the root dry mass (RDM, g).
Specific root length (SRL, cm g−1) indicates morphological and physiological functions [26].
The root length density (RLD, m m3) is an important index of nutrient absorption and
water absorption capacity of fine roots; the higher RL density, the greater surface area of
absorption [26]. The fine root biomass (FRB, g m3), SRL, and RLD were calculated with the
following equations [26]:

FRB = RDM/
[
π(d/2)2 × h× 10−6

]
(1)

SRL = RL/RDM (2)

RLD = RL/
[
π(d/2)2 × h× 10−6

]
(3)

where d is the diameter of the core (cm), and h is the height of the core (cm).

2.4. Soil Sampling and Chemical Analysis

In each plot, sequential soil coring was used to extract 10 soil cores in October 2020.
Sampling was conducted at 0–10 cm, 10–20 cm, and 20–40 cm. Cores from the same
layer were mixed as one composite sample. Coarse roots were removed from the mixed
samples using a 2 cm sieve, and then soil chemical properties were determined after
air-drying. The contents of soil organic carbon (SOC) and total nitrogen (TN) were de-
termined using an elemental analyzer (Costech ECS 4024 CHNSO, Picarro, Italy). Soil
total phosphorus (TP) content was determined following the molybdenum-antimony re-
sistance colorimetric method (concentrated H2SO4-HCLO4) using an automatic chemical
analyzer (Smartchem 300, AMS, Italy). Soil total potassium (TK) content was determined
by a flame photometer (M410, Sherwood, UK). Soil alkali-hydrolyzable nitrogen content
(AN) was determined following the alkali-hydrolyzable diffusion method. A continuous
flow analyzer (AA3, Seal, Germany) was used to determine the available soil phosphorus
(AP) content. The content of available potassium (AK) was determined by flame atomic
absorption spectrometry.

2.5. Data Analysis

A one-way analysis of variance (ANOVA) was used to test whether soil nutrient
content and functional traits differed in the two treatment plots (SC vs. C). Assumptions
of normality and homogeneous variance were examined by a Shapiro–Wilk test and a
Leven test, respectively. Means were separated by the least significant difference test,
and statistical significance was evaluated at p < 0.05. A principal component analysis
(PCA) was used to examine the associations between functional traits and stand and soil
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characteristics. All statistical analyses were performed in R (version 3.6.2), and data were
collated using Excel 2016. The PCA was calculated with the ‘FactoMineR’ paCage. Graphs
were drawn with the ‘ggplot2’ paCage.

3. Results
3.1. Soil Characteristics

The SOC and soil TN content decreased with depth in both treatment plots (p < 0.05).
Moreover, cutting significantly reduced the SOC and TN in each soil layer, increased the
content of AP in the 0–10 cm soil layer, reduced the content of TP in the 10–20 cm soil layer,
and reduced the content of AN in the 20–40 cm soil layer (p < 0.05, Table 1).

Table 1. Soil characteristics for moso bamboo in strip clearcutting (SC) or unharvested (C) plots.

Site
Soil Layers SOC TN TP TK AN AP AK

(cm) (g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)

SC
0–10 27.20 ± 0.54 Aa 2.15 ± 0.07 Aa 0.28 ± 0.02 Aa 9.17 ± 0.57 Aa 167.95 ± 15.06 Aa 5.66 ± 0.85 Aa 50.61 ± 6.02 Aa
10–20 17.00 ± 1.02 Ba 1.21 ± 0.09 Ba 0.23 ± 0.01 Ba 9.26 ± 0.49 Aa 99.83 ± 6.68 Ba 3.40 ± 1.20 Ba 28.73 ± 3.89 Ba
20–40 9.74 ± 0.67 Ca 0.87 ± 0.03 Ca 0.24 ± 0.02 Ba 9.37 ± 0.45 Ba 60.52 ± 9.94 Ca 1.42 ± 1.00 Ba 23.13 ± 4.32 Ba

C
0–10 30.50 ± 1.09 Ab 2.30 ± 0.03 Ab 0.29 ± 0.01 Aa 8.92 ± 0.14 Aa 128.87 ± 52.35 Aa 2.38 ± 1.77 Ab 40.78 ± 10.27 Aa
10–20 21.93 ± 1.17 Bb 1.72 ± 0.03 Bb 0.26 ± 0.01 Bb 9.05 ± 0.07 Aa 130.81 ± 43.23 Aa 2.61 ± 1.72 Aa 40.82 ± 10.29 Aa
20–40 15.88 ± 1.42 Cb 1.22 ± 0.04 Cb 0.27 ± 0.02 ABa 9.51 ± 0.25 Ba 130.37 ± 41.30 Ab 2.17 ± 1.84 Aa 40.66 ± 10.12 Aa

Values are the mean ± standard deviation (n = 3). Different lower-case letters indicate significant differences between SC and C in the same
soil layer; different capital letters indicate significant differences between different soil layers at the same treatment (ANOVA and LSD test,
p < 0.05). SOC: soil organic carbon; TN: total nitrogen; TP: total phosphorous; TK: total potassium; AN: alkali-hydrolyzable nitrogen; AP:
available phosphorous; and AK: available potassium.

3.2. Leaf Trait and Wood Density

The LA of SC plots decreased significantly, compared to C plots, while the LNC, LPC,
and N:P increased significantly (Figure 1, p < 0.05). There were no significant differences
between SLA, LDMC, and WD in the two treatment plots (p > 0.05).

Figure 1. Leaf area (LA), specific leaf area (SLA), leaf dry matter content (LDMC), leaf nitrogen content (LNC), leaf phos-
phorus content (LPC), the nitrogen-phosphorus ratio (N:P), and wood density (WD) of moso bamboo in strip clearcutting
(SC) and unharvested (C) plots. Error bars indicate the standard deviation (n = 3). Different letters indicate significant
differences between the two treatment sites (p < 0.05).
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3.3. Relationships between Leaf Traits, Wood Density, and Soil Nutrients

As shown in Table 2, LA was significantly positively correlated with TN in the 0–10 cm
soil layer, with SOC, TN, TP, and AK in the 10–20 cm soil layer, and with SOC, TN, AN,
and AK in the 20–40 cm soil layer. The SLA was negatively correlated with TK content in
the 20–40 cm soil layer, and the LDMC was positively correlated with TP content in the
0–10 cm soil layer. LNC was significantly negatively correlated with SOC and TN in the
0–10 cm soil layer, and positively correlated with AP, significantly negatively correlated
with SOC, TN, and TP in 10–20 cm soil layer, and significantly negatively correlated with
SOC, and TN in the 20–40 cm soil layer. The LPC was significantly negatively correlated
with TN content in the 0–10 cm soil layer, with SOC and TN in the 10–20 cm soil layer, and
with SOC, TN, AN, and AK in the 20–40 cm soil layer. Our results showed that N:P was
significantly negatively correlated with SOC in the 0–10 cm soil layer, positively correlated
with AP and significantly negatively correlated with SOC, TN, and TP in the 10–20 cm soil
layer, and significantly negatively correlated with TN in the 20–40 cm soil layer. There was
no significant correlation between WD and soil nutrient content.

Table 2. Correlations between leaf traits, wood density (WD), and soil nutrients in moso bamboo.

Soil
Layers

LA SLA LDMC LNC LPC N:P WD

r p r p r p r p r p r p r p

SOC
0–10 0.707 0.160 −0.463 0.356 0.471 0.346 −0.939 0.005 ** −0.792 0.060 −0.924 0.009 ** 0.058 0.914
10–20 0.838 0.037 * −0.639 0.171 0.284 0.585 −0.886 0.019 * −0.826 0.043 * −0.825 0.043 * 0.249 0.635
20–40 0.906 0.013 * −0.509 0.303 0.199 0.706 −0.918 0.009 ** −0.938 0.006 ** −0.809 0.051 0.157 0.766

TN
0–10 0.924 0.009 ** −0.499 0.314 0.709 0.114 −0.869 0.025 * −0.911 0.012 * −0.752 0.085 0.543 0.265
10–20 0.937 0.006 ** −0.694 0.126 0.506 0.305 −0.962 0.002 ** −0.899 0.015 * −0.895 0.016 * 0.414 0.415
20–40 0.921 0.009 ** −0.671 0.144 0.470 0.346 −0.997 0.00 *** −0.899 0.015 * −0.946 0.004 ** 0.315 0.544

TP
0–10 0.546 0.262 −0.458 0.361 0.910 0.012 * −0.552 0.256 −0.447 0.374 −0.552 0.256 0.643 0.168
10–20 0.909 0.012 * −0.779 0.068 0.328 0.526 −0.904 0.013 * −0.786 0.064 −0.876 0.022 * 0.381 0.456
20–40 0.615 0.194 −0.156 0.768 0.553 0.255 −0.717 0.109 −0.722 0.106 −0.639 0.171 0.137 0.795

TK
0–10 0.002 0.997 −0.219 0.675 0.582 0.225 0.254 0.627 0.247 0.637 0.234 0.655 0.788 0.063
10–20 −0.516 0.294 0.008 0.988 −0.769 0.074 0.323 0.532 0.558 0.249 0.153 0.772 −0.613 0.196
20–40 0.419 0.408 −0.871 0.024 * 0.421 0.405 −0.353 0.493 −0.072 0.892 −0.474 0.343 0.666 0.149

AN
0–10 −0.226 0.667 0.564 0.244 −0.423 0.403 0.604 0.204 0.201 0.703 0.769 0.074 0.005 0.993
10–20 0.743 0.091 −0.199 0.706 0.000 0.999 −0.427 0.399 −0.729 0.100 −0.209 0.691 0.347 0.501
20–40 0.918 0.009 ** −0.475 0.341 0.177 0.737 −0.747 0.088 −0.893 0.017 * −0.584 0.224 0.364 0.478

AP
0–10 −0.675 0.142 0.771 0.073 −0.603 0.205 0.898 0.015 * 0.598 0.210 0.972 0.001 ** −0.305 0.556
10–20 −0.108 0.838 0.656 0.157 −0.196 0.710 0.445 0.377 −0.032 0.952 0.669 0.146 0.027 0.959
20–40 0.458 0.361 0.292 0.575 −0.070 0.891 −0.157 0.767 −0.603 0.205 0.114 0.829 0.109 0.836

AK
0–10 −0.245 0.639 0.529 0.281 −0.206 0.695 0.643 0.168 0.253 0.629 0.797 0.057 0.185 0.726
10–20 0.852 0.031 * −0.482 0.333 0.058 0.914 −0.621 0.188 −0.777 0.069 −0.466 0.352 0.386 0.449
20–40 0.914 0.011 * −0.554 0.254 0.148 0.779 −0.751 0.085 −0.853 0.031 * −0.613 0.196 0.374 0.465

SOC: soil organic carbon; TN: total nitrogen; TP: total phosphorous; TK: total potassium; AN: alkali-hydrolyzable nitrogen; AP: available
phosphorous; and AK: available potassium (* p < 0.05; ** p < 0.01; *** p < 0.001).

3.4. Associations between Leaf Traits and Stand

The first two principal components, component 1 (Dim.1) and component 2 (Dim.2),
explained 66.7% and 18.7% of the variation, respectively (Figure 2). The PCA analysis
showed that LPC, LNC, and N:P were negatively correlated with LA. The LDMC and WD
were negatively correlated with SLA.
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Figure 2. Principal component analysis of variables. The arrow line of the variables is plotted as the
correlation coefficients between them and the first two principal components in the unit circle; colors
indicate the contributions (%) of variables to the variance in a given principal component.

3.5. Fine Root Traits

Fine root traits significantly decreased with increasing soil depth in both treatments
(Figure 3, p < 0.05). One-way analysis of variance showed that SC at the optimal width had
little effect on fine root traits in different soil layers (Figure 3, p > 0.05).

Figure 3. (a) Fine root biomass, (b) specific root length, and (c) root length density in two treatment plots (strip clearcutting
(SC) and unharvested (C)). Error bars indicate the standard deviation (n = 3). Capital letters indicate the difference in fine
root characteristics between different soil layers under the same treatment (p < 0.05); lowercase letters indicate differences in
fine root characteristics between treatments in the same soil layer (p < 0.05).

3.6. Associations between Fine Root Trait and Stand and Soil Nutrients

The first two principal components, component 1 (Dim.1) and component 2 (Dim.2),
explained 63.5% and 14.6% of the data variation, respectively (Figure 4). The PCA analysis
showed that fine root traits (FRB, RLD, and SRL) were positively associated with SOC, TN,
and TP, but negatively correlated with TK.
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Figure 4. Principal component analysis of variables. The arrow line of the variables is plotted as the
correlation coefficients between them and the first two principal components in the unit circle; colors
indicate the contributions (%) of variables to the variance in a given principal component.

4. Discussion

Leaves are the primary photosynthetic organs of plants and are extremely sensitive
to environmental changes. Leaves are closely related to the carbon assimilation and
resource utilization ability of plants, and can directly reflect the survival strategies used
by plants to adapt to environmental changes [27]. Guo et al. compared leaf functional
traits and environmental factors between moso bamboo and its varieties, and found that
leaf functional traits were affected by soil nutrients [28]. Studies on aboveground plant
parts have shown that species from environments with high nutrient availability generally
display fast resource acquisition strategies, characterized by low leaf tissue density, high
SLA, and high leaf nutrient concentration [29,30]. Thinning changed the abiotic and biotic
factors in moso bamboo forests [31], which may result in different responses of functional
traits. In this study, it was found that cutting significantly reduced the contents of SOC and
TN in different soil layers (Table 1). Further correlation analysis showed that LA, LNC,
and LPC were significantly correlated with SOC and TN (Table 2). Moreover, one-way
ANOVA showed that strip cutting significantly increased LNC and LPC (Figure 1). In
addition, the PCA analysis showed that LPC and LNC were negatively correlated with
LA. We could conclude that the decrease in soil SOC and TN content drives the increase
in LNC and LPC. We think this might be the theory of dynamic equilibrium in ecological
stoichiometry. According to the theory, when the external environment fluctuates within
a certain narrow range, a steady-state mechanism can be formed in the organism to keep
its nutrient elements stable and achieve dynamic equilibrium [32]. The gap formed after
cutting affects the light environment in the forest, and the increase in light availability
usually leads to a decrease in leaf area per unit mass. The light capture area of bamboo
leaves may be augmented by increasing biomass allocation in postharvest sites [33]. The
allocation of plant biomass is crucial, as it determines many growth processes. It is driven
by environmental conditions, and functional traits can be used as potential covariates to
understand the allocation of biomass.

The N:P ratio is widely used to indicate the availability and limitations of soil nutrients.
The tissue of woody plants acts as a nutrient store during active growth, allowing the newly
produced, fully developed leaves to maintain the optimal N:P ratio [34]. After cutting,
the nutrient concentration of new tree leaves was determined, and the N:P had increased
significantly. This result demonstrates that N:P is affected by the surrounding environment.
A study evaluating the effects of plant fertilization showed that plants were restricted by
N availability when N:P was >14. When the N:P value of plants was >14 and <16, they
were simultaneously restricted by two elements. When the N: P was >16, the plant was
restricted by P availability [35]. The current study found that the LNC and LPC in cut plots
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were significantly higher than those in the C plots (Figure 1, p < 0.05). The development of
new trees after cutting may be limited by P availability. The soil nutrient measurements
showed that SOC and TN in SC were lower than in C (Table 1). The growth of aboveground
vegetation requires a large quantity of nutrients, and the sample plots can only capture
nutrients through absorption or remote physiological integration after harvesting, resulting
in the decrease in soil SOC and TN. Long-term studies on the availability of soil nutrients
after harvest have found a lag in the recovery of soil P concentration [36]. Therefore, soil
P content may increase with plot restoration. Longer recovery time can alleviate plant P
limitations. However, strip cutting significantly increased the soil content of AP in the
0–10 cm layer (Table 1). Correlation analysis found that AP in the 0–10 cm layer was
significantly correlated with N:P in leaf (Table 2). Phosphorus is an essential macronutrient
for higher plants, and is usually a highly mobile and frequently translocated element [37].
The increase in AP in surface layers may be due to a reduction in P utilization by surface
fine roots (belonging to moso bamboo and understory vegetation) [38].

Harvesting did not affect the fine root traits (p > 0.05), which is consistent with our hy-
pothesis. The powerful underground system of the moso bamboo forest plays an important
role in the long-term maintenance of bamboo ecosystem function and productivity [17,39].
Fine root traits reflect plant strategies to adapt to varied environments [8] and represent
fundamental trade-offs between resource acquisition and costs [40]. Fine roots can acquire
nutrients and water from the soil. In this study, fine roots were mainly distributed in the
0–10 cm soil layer, as this is the most fertile layer [41]. However, SC had no effect on the fine
root biomass in the moso bamboo forest (Figure 3). This finding is inconsistent with results
showing that thinning increases the fine root biomass of Chinese fir plantations in southern
China [42]. The difference can be explained by the unique biophysical characteristics of
moso bamboo. Moso bamboo undergoes a two-year vegetative cycle called ‘du’, which
includes both an ‘on-year’ and ‘off-year’ [43]. In the on-year, the bamboo forest produces
many shoots, and stem growth requires older bamboo to transport carbon, water, and
nutrients through the roots connected underground [44]. In the off-year, carbon fixed
by photosynthesis is mainly used for rhizome expansions [45,46]; this is the dominant
development period of the underground system [47]. The rhizome is the asexual repro-
ductive organ of moso bamboo [46]. The functional characteristics of rhizomes of different
ages increase the difficulty of studying underground ecosystems. It is well known that
young rhizomes (1–2 years) have a strong expansion ability and produce additional healthy
rhizomes, while older rhizomes (3–6 years) sprout shoots and turns into trees [48]. The
root production has a similar growth pattern to that of the rhizomes [49], and the biomass
relationship between root and rhizomes is strong [50]. However, harvesting significantly
reduces the density of bamboo trees, reducing the nutrient supply to the roots. Another
factor may be the decrease in carbon (C) input, which results in the senescence and death of
fine roots [51]. The life span of fine roots determines their turnover rate [52]: i.e., a shorter
life span increases the turnover rate of fine roots [52]. A decrease in fine root biomass is
thought to relieve nutrient limitations [53]. Fan [25] used an Olson negative exponential
decay model and found the annual decomposition coefficient of bamboo fine roots to be
0.6063, and the annual turnover rate to be 0.93. Bamboo has a higher turnover rate than
other types of forest. Fine roots use a strategy of reducing biomass to increase turnover
rate, and change their morphology to enhance nutrient absorption capacity. Therefore,
additional soil C, through root mortality, occurs during stand development [54].

Strip clearcutting also enhanced the complementary effect of the niche, and promoted
the effect of light energy on productivity in the canopy gap [55]. The gap directly increases
illumination [56], and the change in thermal radiation further affects soil properties, de-
composition of organic matter, and soil microbial activity [57]. In the current study, SC had
a significant effect on SOC and TN (Table 1, p < 0.05). The principal component analysis
found that the change in fine root traits was significantly related to SOC (Figure 4), which is
consistent with Yang et al. [58]. The economic spectrum of plant life recognizes that higher
SRL is associated with rapid resource capture [59]. According to previous studies, TN and
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TP are significantly correlated with fine root morphology and biomass [10,39,60], which is
consistent with the findings of this study. Phosphorus is an essential nutrient element with
physiological functions in plants [37]. Umemura [45] studied the nutrient content in the
organs and found that the concentrations of K and P in the younger rhizomes were higher
than in the mature organs. As the amount of P diffused into the rhizosphere is lower than
the absorption rate, the root system acquires more P through expansion.

5. Conclusions

This experiment aimed to investigate the functional response characteristics after
SC in a moso bamboo forest. The results show that SC significantly decreased LA, and
significantly increased LNC, LPC, and N:P. LPC, LNC, and N:P were negatively correlated
with LA, while LDMC and WD were negatively correlated with SLA. The effect of cutting
on fine root traits was not significant. Fine root traits (FRB, RLD, and SRL) were positively
associated with SOC, TN, and TP, but negatively correlated with TK. This study highlighted
that a year’s recovery following cutting resulted in the root TP and TK returning to the level
of uncut plots. The changes in soil nutrient content caused by the removal of biomass were
normal. Improved light conditions and the rapid growth of new trees increases nutrient
release; therefore, these results further confirm the effectiveness of SC.
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