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Long-term fencing effects on plant diversity and soil properties
in China
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State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling, Shaanxi 712100, PR China

1. Introduction

Globally, overgrazing by livestock is one of the most important
human induced causes of arid and semiarid grasslands degradation
(Su et al., 2005; Liang et al., 2009; Schönbach et al., 2011), lowering
both the productivity and resilience of grasslands (Li et al., 2009;
Zhou et al., 2011). The effect of overgrazing on the plant
community and on soil resources are considered destructive
because it reduces vegetation cover (Su et al., 2005; Wu et al.,
2010a; Zhou et al., 2011; Louhaichi et al., 2012), increases
undesirable species (Louhaichi et al., 2009), reduces species
diversity (Li et al., 2006), destroys soil structure (Reynolds et al.,
2003), and compacts soil as a direct result of trampling (Manzano
and Návar, 2000). These processes increase soil crusting, reduce
soil infiltration, and enhance susceptibility to soil erosion
(Manzano and Návar, 2000). Therefore, developing ecosystem

rehabilitation strategies for severely degraded grasslands is crucial
(Li et al., 2009) at a global level.

Degraded grasslands have the capacity for self-recovery if the
disturbance ceases for an extended length of time allowing for
natural succession (Li et al., 2009). Recovery conditions offer the
best overall strategy to restore diversity, ecosystem function and
resilience (Palik et al., 2000; Wu et al., 2009, 2010a,b; Medina-
Roldán et al., 2012; Bach et al., 2012; Deng et al., 2013a). Grassland
management significantly influences plant density and composi-
tion, above- and belowground vegetation characteristics and soil
properties (Deng et al., 2013a). Fencing is the most common
management tool used to reverse grassland degradation through-
out the world (Shrestha and Stahla, 2008; Wu et al., 2009, 2010a;
Golodets et al., 2010).

Recent research has focused on the effects of fencing on
vegetation succession, plant diversity, community structure and
productivity (Smith et al., 2000; Gibson et al., 2001; Wu et al.,
2009; Golodets et al., 2010; Deng et al., 2013a). Studies have also
focused on the effects of fencing on soil nutrients (Mohr and Topp,
2005; Su et al., 2005; Miller et al., 2010; Wu et al., 2010b), soil
microbial structure (Stark et al., 2000; Su et al., 2004; Huang et al.,
2011), soil enzyme activities (Su et al., 2004), soil C and N cycling
(Frank and Groffman, 1998; Stark et al., 2000) and storage
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A B S T R A C T

Overgrazing reduces plant species diversity, productivity and soil C and N storage due to degradation

especially in arid and semi-arid ecosystems. We hypothesized that fencing could significantly reverse

these trends in temperate grasslands. The effects of long-term (30 years) fencing on diversity and soil C

and N storage were compared with areas where continuous grazing occurred on the Loess Plateau, China.

Fencing increased vegetation coverage, height, plant diversity, biomass production and litter, resulting

primarily from increases in the ratio of grass species as a percentage of the whole community and

photosynthate allocation between above- and below-ground biomass indicated by differences in the

root/shoot (R/S) ratios. Fencing significantly influenced soil bulk density (BD), moisture content (SW)

and pH. Long-term fencing also led to marked increases in soil organic carbon (SOC), soil total nitrogen

(TN), the carbon: phosphorus (C/P) and nitrogen: phosphorus (N/P) ratios, as well as soil C and N storage

within 0–100 cm soil profile. The C/N ratio in the surface 0–5 cm fenced and grazed grasslands were also

significantly different. Increases in soil C and N sequestration as a result of fencing occurred mainly at

deeper soil depths (30–100 cm). These findings have important implications for both protecting and

enhancing the resilience of ecosystems, which have been disturbed by grazing and for developing a more

effective grasslands management strategy on the Loess Plateau.
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(Shrestha and Stahla, 2008; Zhou et al., 2011; Medina-Roldán et al.,
2012). However, few studies have focused on the effects of long-
term fencing on overall plant community composition, diversity
and productivity, and other soil properties.

In China, the of the Loess Plateau (�40 million ha) is known
for its complex terrain, extreme drought conditions and severe
soil erosion (Liu et al., 2007), a result of a combination of
overgrazing, the intensification of cultivation and other unsus-
tainable land use practices (Zhou et al., 2006). Grazing exclusion
through fencing is regarded as the most effective method
available for restoring the ecology of the Loess Plateau (Wu
et al., 2010a). Grassland restoration is a long-term and complex
ecological process (Hastings et al., 2007).

The Yunwu Mountain reserve, excluded from grazing since
1982, is located in the only remaining grassland region of the
Loess Plateau where long-term (30 years) fencing has made it
possible to better understand the effect of grazing exclusion on
both grassland vegetation and soil properties. Our objectives were
to investigate the effects of long-term exclusion on: (1) plant
community properties; (2) soil properties; and (3) soil C and N
storage. This study contributes to our understanding of the
restoration of plant production and soil C and N sequestration in
degraded grasslands on the Loess Plateau.

2. Materials and methods

2.1. Study area

The study area is located in the Yunwu Mountain reserve for
Vegetation Protection and Eco-environment, Ningxia Province,
China (1068160–1068240E, 368130–368190N, 1700–2148 m a.s.l.)
(Fig. 1). It is a hilly landscape in the middle of the Loess Plateau
with deeply incised gullies and is characterized by a sub-arid
climate within the mid-temperate zone. The Yunwu Mountain
reserve is a century old protected grassland area. The 4000 ha
reserve and most of the surrounding land lies between 1700 and
2000 m in altitude is closely dissected by steep and very steep
gulleys. The vegetation is temperate grassland with the primary
plant species being herbaceous plants (i.e., Androsace erecta,

Artemisia capillaries, Artemisia frigid, Artemisia sacrorum, Hetero-

pappus altaicus, Lespedeza davurica, Potentilla acaulis, Stipa bun-

geana, Stipa grandis, Thymus mongolicus, etc.) of which the Stipa

bungeana community has the most extensive distribution.
The reserve includes three areas: core, buffer, and experimental

(Fig. 1), with comparatively similar geographical patterns. The core
area has approximately 1000 ha that are totally enclosed and
account for 25% of the total area. The buffer area covers 1200 ha
and also accounts for approximately 25% of the total area. The role
of buffer area is to prevent the effect of human activities on the core
area. Outside the core and buffer areas is the experimental area,
which encompasses approximately 1800 ha and accounts for 45%
of the total area. In the experimental area, crop agriculture and
animal husbandry are practiced. No fertilizer is applied as the three
areas abut one another. The core area was fenced in 1982 and
remains so today.

Before enclosure, the permanent grasslands were used as
grazing land. Both the grazed and fencing grassland had similar
initial conditions (slope degree, slope direction, topography and
altitude) (Qiu et al., 2013), allowing the existing grazed grassland
to be used as a control to compare the effects of exclusion on plant
diversity and soil properties. In the core area the Stipa bungeana

community is the most extensive; Stipa grandis and Stipa bungeana

are the dominant grass species, and Thymus mongolicus and
Artemisia sacrorum the dominant forb species. In contrast, freely
grazed areas are characterized by a degraded Stipa bungeana

community. In the grazed grasslands, Stipa grandis and Stipa

bungeana are again the dominant grass species, but Artemisia

capillaries and Artemisia frigid are the dominant forb species. The
principle leguminous plant, Lespedeza davurica, occurs in both
areas.

The study area’s soil type is Aeolian soil (silt loam) with a soil pH
ranging from 8.0 to 8.6. The area receives a mean annual
precipitation of �410 mm (1960–2010) of which a quarter falls
during July and the remainder by September. The area’s semi-arid
temperate continental monsoon climate produces a mean annual
temperature at 6.7 8C (1960–2010), a mean annual total of 2518
sunshine hours, a mean annual evaporation of 1600 mm, and 137
frost-free days per year on average.

Fig. 1. Location of the Yunwu Observatory on the Loess Plateau. Note: the white quadrats in which individual species are divided, and the whole quadrats’ species composition

and height, density (number of individuals per square meter) and aboveground biomass of individual species are investigated; the black quadrats in which the individual

species are undivided, and the whole quadrats’ community above- and belowground biomass, canopy coverage and height are investigated.
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2.2. Sampling and measurements

2.2.1. Experimental design

A temperate grassland dominated by Stipa bungeana and Stipa

grandis, but including grasses and some forbs, was selected for this
study in mid-August, 2011, when biomass had reached its peak.
Using the line transect method we randomly selected ten
20 m � 20 m blocks in each of the grazed and fenced portions of
the experimental and core areas giving us 20 blocks for the study
(Fig. 1). Within the center of each block, we established two
parallel 1 m � 1 m quadrats. One quadrat (the white blocks in
Fig. 1) was divided (DQ) so that individual species composition,
height, and density (number of individuals per square meter) in the
aboveground biomass could be monitored. The other quadrat (the
black quadrats in Fig. 1) was undivided (UQ) and investigated as a
whole community for above- and belowground biomass, litter,
canopy coverage and height, and soil properties.

2.2.2. Biomass measurement

In the DQ quadrats, all green, aboveground plant parts for
each individual species, as well as all litter, were cut, collected,
and put into envelops and tagged. For the UQ quadrats, the
aboveground parts of all green plants and litter from the
entire quadrat were sampled in the same way. To measure
the belowground biomass, a 9 cm diameter root augur was used
to take three soil samples for each depth of 0–5, 5–10, 10–20,
20–30, 30–50, 50–70, 70–100 cm. Samples taken at the same
layer were then mixed to create a single sample. A 2 mm sieve
was used to isolate the majority of plant roots from each sample.
The remaining fine roots were collected by spreading the
samples in shallow trays, overfilling them with water and
allowing the outflow from the trays to pass through a 0.5 mm
mesh sieve. No attempt was made to distinguish between living
and dead roots. The isolated roots were oven-dried at 65 8C and
weighed. Due to the large size of the aboveground biomass
samples, each was weighed fresh and then a portion of each
sample was dried and weighed. The total above-ground biomass
of the samples was calculated by multiplying the ratio of the dry
weight/fresh weight ratio within the sub-sample by the entire
fresh weight.

2.2.3. Plant species identification, functional group and species

diversity index

Plant species identification was done in situ. Unidentified
specimens were collected and dried with a plant press and later
identified by plant taxonomists. The Allen et al. (2011) method was
used to divide the plants into one of three functional groups: grass
(plant species of the Poaceae family), forb (any herbaceous,
dicotyledonous broad-leaved plant) and leguminous (leguminous
species group). The purpose behind forming functional groups was
to represent the ecological structure of the flora, and then to use
that structure to predict a general level of species assemblage
(Santiago do Vale et al., 2010).

Species richness is the number of species in each quadrat
(Stirling and Wilsey, 2001). The richness index (R), Shannon–
Wiener diversity index (H) and Evenness index (E) of the grazed
and fenced grassland communities were calculated as the:

Richness index (R):

R ¼ S (1)

Shannon–Wiener diversity index (H):

H ¼ �
Xs

i¼1

ðPi ln PiÞ (2)

and

Evenness index (E):

E ¼ H

ln S
(3)

where S is the total species numbers of the grassland community, H

is the Shannon–Wiener diversity index and Pi is the density
proportion of i species.

2.2.4. Soil sampling and determination

In the UQ quadrats soil samples were taken at three points – the
other two corners and the center, along that diagonal on which
root samples had not been collected. The soil samples, collected
and mixed in seven increments as described, were passed through
a 2 mm screen to remove roots and other debris. Each sample was
air-dried and stored at room temperature until soil physical and
chemical properties could be determined. Soil BD (g cm�3) of each
soil layer (0–5, 10–20, 30–50, 70–100 cm) was measured using a
soil bulk sampler with a 5 cm diameter and a 5 cm high stainless
steel cutting ring (3 replicates) at points adjacent to where soil
samples had been collected for chemical analysis. The original
volume of each soil core and its dry mass after oven-drying at
105 8C were measured.

Soil water content was measured gravimetrically and
expressed as a percentage of soil water to dry soil weight. Soil
pH was determined using the method of acidity agent (soil–
water ratio of 1:5) (PHS-3C pH acidometer, China). Soil BD was
calculated depending on the inner diameter of the core sampler,
sampling depth and the oven dried weight of the composite soil
samples. Soil OC was assayed by dichromate oxidation (Nelson
and Sommers, 1982), TN using the Kjeldahl method (Bremner,
1996), and TP after digestion of soil with HClO4–H2SO4

(Parkinson and Allen, 1975). Each analysis was done in two
replicates.

2.3. Calculation of soil C and N storage

There were no coarse soil fractions (i.e., >2 mm) so coarse
fragment values were not included in the formula used to calculate
soil organic C storage (Cs) according to Eq. (4) (Guo and Gifford,
2002):

Cs ¼ BD � SOC � D

10
(4)

where Cs is SOC storage (Mg ha�1); BD is soil bulk density (g cm�3);
SOC is soil organic carbon concentration (g kg�1); and D is soil
thickness (cm).

Eq. (5) was used to calculate soil N storage (Ns) (Rytter, 2012):

Ns ¼ BD � TN � D

10
(5)

where, Ns is soil N storage (Mg ha�1); BD is soil bulk density
(g cm�3); TN is soil TN concentration (g kg�1); and D is soil
thickness (cm).

2.4. Statistical analysis

All data were expressed as mean � standard error (SE) of mean in
ten blocks. One-way ANOVA was performed to test for differences in
biomass, functional group composition, plant diversity, soil proper-
ties, soil C and N storage, soil organic carbon storage between fenced
and grazed meadows to assess the effects of long-term exclusion on
above- and belowground properties and soil C and N storage.
Significant differences were evaluated at the 0.05 level. All statistical
analyses were performed using the software program SPSS, ver. 17.0
(SPSS Inc., Chicago, IL, USA).

L. Deng et al. / Soil & Tillage Research 137 (2014) 7–15 9
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3. Results and discussion

3.1. Grassland community coverage, height and density

In this study, fencing had a positive effect on above- and
belowground, litter, and total vegetation biomass. ANOVA
showed that fenced grasslands had greater total plant coverage
(P < 0.001) and height (P < 0.001) when compared to grazed
grassland (Fig. 2a and b). Excluding grazing for 30 years increased
total coverage and height by 6.9 and 168%, respectively. Plant
density showed no significant difference between the fenced
grassland and grazed areas (P > 0.05) (Fig. 2c).

Palatable grasses have greater competitive ability than
unpalatable grasses and show a marked increase in abundance
in grasslands where livestock are excluded for ten or more
years (Gallego et al., 2004; Wu et al., 2009). Fenced grasslands
had higher species richness (R) (P < 0.05) than grazed areas
(Fig. 2d), but the Shannon–Wiener diversity index (S) showed
no significant difference between the two (P > 0.05) (Fig. 2e).
The evenness index (E) in fenced grassland was also lower
(P < 0.01) (Fig. 2f) confirming that excluding grazing simulta-
neously increases species richness and decreases community
evenness.

3.2. Grassland community biomass

The fenced grasslands had greater aboveground biomass
(P < 0.001), belowground biomass (P < 0.05), total biomass
(P < 0.001), and litter biomass (P < 0.01) than did grazed areas,
but the root/shoot (R/S) ratios were lower (P < 0.001) (Fig. 3)
confirming that grazing increases the biomass allocation ratio of
the belowground vegetation (Wang et al., 2010). Excluding grazing
increased grass density (P < 0.01) but reduced that of forbs
(P < 0.01) (Fig. 4a and b). Although there was no significant
difference between the sites (Fig. 4c) the larger sporadic presence
of legumes in the fenced grasslands may indicate the occurrence of
an ecological shift or some type of ecological adaptation.

Overall, fencing increased aboveground biomass, belowground
biomass, total biomass, and litter by 172, 39, 81 and 47%,
respectively but decreased the R/S ratio by 47.1%. The fraction
of grass biomass increased from 47 to 81%, while that of forbs
decreased from 53 to 19% (Fig. 4a and b).

3.3. Soil physical and chemical properties

Long-term fencing has significant affects on pH value, soil
bulk density, and soil moisture (Wu et al., 2010a). In this study

Fig. 2. Effect of fencing (FG) and grazing (GG) on coverage (a), height (b), plant density (c), richness index (d), Shannon–Wiener diversity index (e) and evenness index (f) of the

temperate grassland community. The box plot introduction: the box is �SE, the whisker is min–max, the small square is mean values, and the horizontal line is the median.

Significant difference between fenced and grazed meadows are indicated by symbols, ***P < 0.001, **P < 0.01, *P < 0.05; ns, no significant difference.

L. Deng et al. / Soil & Tillage Research 137 (2014) 7–1510
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long-term fencing significantly altered soil properties. Soil BD
(P < 0.01) and pH (P < 0.05) were both reduced compared with
grazed areas (Fig. 5a and c). Reduced trampling by fencing may
have resulted in a reduction in bulk density. Grassland
restoration has improved the content of phospholipid fatty
acid (PLFA) in soils (Bach et al., 2012), and PLFA had significant
negative correlation with soil pH (P < 0.05) (Huang et al., 2011),
meaning that vegetation recovery reduced soil pH. Long-term
fencing did increase soil water content, but the difference was
only significant at the 70–100 cm soil depth (P < 0.05) (Fig. 5b).

Fig. 5 There was no difference in surface (0–10 cm) C and N
storage between the fenced and grazed areas (P > 0.05), but both
were greater in the underlying soil depths (10–100 cm)
(P < 0.001) (Fig. 6ab). In addition, fencing significantly increased
soil C and N storage in soil depths of 20 to 100 cm (P < 0.05)
(Fig. 6c and d). According to the amount of soil C and N
sequestration over 30 years, we estimated that the annual
mean sequestration rates for C and N were 3.00 and
0.32 Mg ha�1 year�1 in the 0–100 cm soil depth under grazing
exclusion. Soil C and N sequestration values increased in
increments of 5 cm in the 70–100 cm soil depth which had, as a
whole, the highest values within the entire 0–100 cm soil profile
(Fig. 7).

Many studies have found that vegetation recovery improves
SOC and TN content (Su et al., 2004, 2005; Mohr and Topp, 2005;
Shrestha and Stahla, 2008; Miller et al., 2010; Wu et al., 2010a,
2010b; Zhou et al., 2011; Medina-Roldán et al., 2012). SOC and TN
show similar trends under fencing (Fig. 5d and e), indicating that
SOC dynamics are closely coupled with TN dynamics which may
be a reason why there was no difference in the C/N ratios of the
underlying soils when comparing fenced and grazed grasslands
(Fig. 5g). Fencing significantly increased SOC (P < 0.001) and TN
(P < 0.01) in the 0–100 cm soil depth (Fig. 5c and d). Topsoil P (TP)
was significant (P > 0.05), in the top 50 cm on fenced grassland,
but had lower TP at deeper depths (50–100 cm) (P < 0.05). Apart
from the 0–5 cm surface layer (P < 0.05), soil C/N showed no
significant difference between fenced and grazed grasslands (5–
100 cm) (P > 0.05) (Fig. 5g) mainly because fencing had more
effects on soil carbon accumulation (P < 0.001) than soil TN
(P < 0.01) in the surface soil (Fig. 5g). In addition, due to SOC and
TN significantly increased (Fig. 5d and e) long-term fencing had
greater soil C/P and N/P in comparison to the grazed grasslands
(P < 0.01). Fenced areas did have greater soil C/P and N/P ratios
than grazed areas (P < 0.01) (Fig. 5h and i).

If the plant community has an affect on soil processes, then soil
processes should correlate with plant dynamics (Li et al., 2009).

Fig. 3. Effect of fencing (FG) and grazing (GG) on aboveground (a), belowground (b), total (c), litter biomass (d), and root/shoot ratio (e) of the temperate grassland community.

The box plot introduction: the box is �SE, the whisker is min–max, the small square is mean values, and the horizontal line is the median. Significant difference between fenced

and grazed meadows are indicated by symbols, ***P < 0.001, **P < 0.01, *P < 0.05.

L. Deng et al. / Soil & Tillage Research 137 (2014) 7–15 11
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Plants affect soil structure and function through both the quantity
and quality of organic matter inputs that promote microbial
activity and soil aggregation (Bach et al., 2012). Grassland
restoration increased soil microbial biomass (P < 0.05), specifically
fungi (P < 0.001), and restored soils exhibited higher rates of C and
N mineralization (P < 0.01) (Bach et al., 2012), and the contents of
microbial biomass C and N also increased significantly (P < 0.05)
(An et al., 2009; Huang et al., 2011; Medina-Roldán et al., 2012).
Zhou et al. (2011) reported vegetation recovery reduced C and N
losses from wind erosion due to increase plant cover and
productivity. In addition, more organic matter (litter, dead roots,
mycorrhizae, and exudates) input to the soil leads to SOC and TN
increases through vegetation recovery (Prietzel and Bachmann,
2012), and more above- and belowground biomass in fencing
grassland (Figs. 3 and 8) which also accelerates more root input
into the soil. However, in our study, fenced grassland had lower TP

than grazed grassland in the deeper soils (50–100 cm) (P < 0.05).
This may be due to the P deficit of the Loess Plateau. On grazed
grassland, soil P eluviation is greater than the uptake of P by plants,
and in turn, plant uptake is greater than soil P eluviation in fenced
grassland.

Wu et al. (2010a) reported that long-term fencing can improve
soil C storage of 0–30 cm soil depths in an alpline swamp meadow.
Zhou et al. (2011) reported that soil C and N storages in the top
30 cm of soil measured in 2006 were 13.6 and 5.4 times greater,
respectively, than those measured in 1981 under 26 years grazing
exclusion in a desert shrubland. Our study also found that long-
term fencing increased soil C and N storage in 0–30 cm soil depths
compared to grazed grassland. However, our study also found that
there had no detectable impact on C and N storage in surface soil
(0–10 cm) following 30 years of grazing exclusion (P > 0.05), a
finding which agrees with the result of Medina-Roldán et al.
(2012). Animal manure input and trampling leading to higher soil
BD may be the main reasons for soil C and N storage in surface soil
showing no significant difference.

When estimating the rate of soil sequestration, the soil
thickness reported in different studies has varied, leading to
incomparable results in the carbon sequestration rate. For
example, Nelson et al. (2008) reported that the soil C sequestration
rate was 1.4–2.9 Mg ha�1 year�1 in 0–60 cm soil layer after
grassland restoration cultivated land south-central Saskatchewan,
Canada. According to the results of Wu et al.’s (2010a) study, we
estimated that the soil C sequestration rate was nearly
0.6 Mg ha�1 year�1 in the 0–30 cm soil layer following 9 years
of fencing in the alpine meadow of the Qinghai-Tibetan Plateau.
The rate in Yunwu Mountain on the Loess Plateau is relative higher
than global C sequestration rate of grassland (Lal, 2004). In our
study, we estimated that the annual mean soil C sequestration rate
was 3.00 Mg ha�1 year�1 in the 0–100 cm soil depth after fencing
for 30 years compared to long-term grazing grassland, which is
similar to Deng et al.’s results (2013b). Using a meta-analysis they
reported that following vegetation restoration (<23 year) in the
Yunwu Mountain reserve of the Loess Plateau, the soil carbon
sequestration rate had reached 2.77 Mg ha�1 year�1. Qiu et al.
(2013) reported an accumulation of 1.68–4.40 Mg C ha�1 year�1 in
0–80 cm soil depths, compared to grazed grasslands.

Wang et al. (2012) reported a 20–37% decrease in SOC and a
5–37% decrease in TN after light and heavy grazing on the
northern Tibetan Plateau, corresponding to losses of 0.14– 0.29
Mg C ha�1 10 cm�1 year�1. Ingram et al. (2008) reported that 21
years of heavy grazing resulted in losses of 0.60 Mg C ha�1 year�1

in the 0–60 cm soil layer in a mixed-grass ecosystem. We also
estimated that the annual mean soil N sequestration were
0.32 Mg ha�1 year�1 of 0–100 cm soil depths under fencing. Qiu
et al. (2013) have also reported that grazing exclusion resulted in
an accumulation of 0.16–0.40 Mg N ha�1 year�1 in 0–80 cm soil
depths, compared to grazed grasslands. The increase in N stock
will reduce N limitation and support long-term C sequestration
(Li et al., 2012). However, since the rate of relative N stock change
was found to be lower than that of relative C stock change, the C/
N ratio gradually increased, we also found the C/N were higher in
fenced grasslands compared to grazed grasslands, although the
difference was not significant (Fig. 5g). This may result in the
occurrence of progressive N limitation in the long-term, reducing
the rate of C sequestration (Li et al., 2012). The accumulation of C
and N in grassland directly due to increased input of C and N into
soils by litter and roots (Figs. 3 and 8), may be indirectly
attributed to the decreased loss of vegetation C and N by virtue of
grazing exclusion, and the decreased loss of soil C and N by
reducing soil respiration, and ammonium volatilization and N2O
emission resulting from nitrification (Polley et al., 2008; Wu
et al., 2012).

Fig. 4. Effect of fencing (FG) and grazing (GG) on grass species group (a), forb species

group (b) and leguminous species group (c) of the temperate grassland community.

The values are the ratios of aboveground biomass in each functional group. The box

plot introduction: the box is �SE, the whisker is min–max, the small square is mean

values, and the horizontal line is the median. Significant difference between fenced and

grazed meadows are indicated by symbols, **P < 0.01, *P < 0.05; ns, no significant

difference.
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Fig. 5. Effect of fencing (FG) and grazing (GG) on soil bulk density (BD) (a), soil water content (b), soil pH (c), SOC (d), TN (e), TP (f), C/N (g), C/P (h) and N/P (f) of the temperate

grassland community. The values are mean � SE. Significant difference between fenced and grazed meadows are indicated by symbols, ***P < 0.001, **P < 0.01, *P < 0.05; ns, no

significant difference.

Fig. 6. Effect of fencing (FG) and grazing (GG) on soil OC storage (a), soil N storage (b), soil cumulative C storage (c) and soil cumulative N storage (d) of the temperate grassland

community. The values are mean � SE. Significant difference between fenced and grazed meadows are indicated by symbols, ***P < 0.001, **P < 0.01, *P < 0.05; ns, no significant

difference.
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4. Conclusions

Fencing increases vegetation coverage, height, plant diversity,
biomass production and litter, resulting primarily from an increase
in the ratio of grass functional group species, and increases in the
allocation ratio of aboveground biomass owing to a reduced R/S
ratio. Fencing has significant effects on soil BD, soil moisture and
pH. Long-term grazing exclusion also led to marked increases in
SOC, soil TN, C/P, N/P and soil C and N storage within the 0 to
100 cm soil profile. Future studies should place more emphasis on
changes deeper in the soil profile. The findings are important for
evaluating the resilience of grassland ecosystems disturbed by

grazing. The overall conclusion is simple: fencing is an effective
restoration strategy for the recovery of degraded grasslands.
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