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Abstract

Grazing heavily influences the soil organic carbon pool of grassland ecosystems and therefore plays an important role in
the global carbon balance. In China, various efforts aimed at alleviating grazing pressure have been promoted in the past two
decades to conserve and restore degraded grassland, and improved management has shown profound effects on grassland
resilience. Although many studies have explored the role of rest-grazing in arid grasslands, little is known about the effects of
seasonal rest-grazing strategies on carbon storage in mesic grasslands. This study analysed the effects of rest grazing in spring,
summer, and autumn on the soil nutrients and plant growth content of plots under light, medium, and heavy grazing intensities,
respectively, for 3 continuous years (2010-2012) on the Deyeuxia angustifolia meadow grassland in Sanjiang Plain in Northeast
China. The study contributes to the understanding of the relative effectiveness of different seasonal rest-grazing strategies on
grassland sustainability in the Sanjiang Plain. The results highlight the importance of timing in the use of seasonal rest-grazing
in the short term for the soil carbon balance of mesic grassland: (1) under moderate and severe grazing pressure, the
aboveground net primary productivity of grassland plants was significantly increased in spring and summer but not in autumn.
(2) The organic matter content in the 0-30 cm soil layer significantly increased in spring and autumn, and the organic matter
content in the 0-20 cm soil layer significantly increased in summer. (3) Seasonal rest-grazing significantly decreased the content
of available nitrogen in the 0-30 cm soil layer, especially in the 10-20 cm soil layer. In addition to the driving power of growing
season precipitation, our results suggest that seasonal rest-grazing has a great potential for the recovery of soil carbon storage in

mesic grassland despite differential grazing intensity levels.
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Introduction

Grassland has multiple important ecosystem service

values (Costanza et al., 1997) and provides
approximately 70% of the herbage for ruminants
worldwide (Holechek et al., 2004). Grassland

sustainability requires appropriate grassland management
practices. The sustainable development of grasslands
should highlight both the ecosystem and economic
sustainability of grasslands. In China, almost 90% of
natural grassland is degraded to varying extents, which is
mainly due to overgrazing (Liu et al, 2004).
Traditionally, livestock production in most areas in China
depends on the availability of natural grass. The
increasing livestock number, and thus the increasing
consumption of plant biomass from the grassland, led to
the drastically increased grazing intensity in the
originally non or slightly degraded grassland in the
ecologically fragile regions. Grasslands suffering from
different degrees of grazing pressure require different
measures for resilience. For slightly and moderately
degraded steppes, grazing rotation and seasonal
enclosures should be considered. For heavily degraded
grassland, grazing should be banned to allow the
resilience of native vegetation.

An improved understanding of the integrative effects
of grazing intensity and plant species on soil carbon
dynamics is important for improving the sustainability of
forage systems (Wang et al., 2014). It has been reported
that grassland management affects soil organic carbon
(SOC) content (Zinn et al., 2005; Garcia-Oliva et al.,
2006), whereas grazing intensity exerts a major impact on
plant growth and soil carbon balance (Franzluebbers &

Stuedemann, 2009). In rangeland under human
disturbance, grazing intensity is one of the critical factors
controlling SOC and nutrient cycling by influencing both
litter accumulation and soil structure (Pifieiro et al., 2009).
For example, the SOC storage in the alpine meadow of
China declined notably in the grazing plots compared to
the undisturbed plots (Ma et al., 2016).

Long-term rest grazing has been reported to be
beneficial to soil water status and carbon storage (Wang
et al., 2015) and vegetation storage (Li et al., 2014) in
arid grasslands. The results showed that the content of soil
organic carbon in grassland in the grazing area was
significantly higher than that in the nongrazed area
(p<0.05) (Reederetal et al., 2002). Milehunas & LaueRoth
(1993) compared the data of grazing and forbidden
grazing at 236 sites in the world. The results showed that
the changes in underground biomass, organic carbon and
nitrogen were not consistent with grazing and sometimes
showed a positive correlation and sometimes a negative
correlation. In summary, there are many studies on the
effects of different grazing intensities, no grazing and no
grazing on grassland vegetation and soil at home and
abroad, but there are few discussions on the combination
of different grazing intensities and seasonal grazing.

The Sanjiang Plain in Heilongjiang Province, China,
is famous for its concentrated distribution of natural
low-lying grassland, including large areas of intrazonal
meadows, bog meadows and marshes (Zhou et al., 1992).
The Sanjiang Plain has large plant productivity, which
plays an important role in regulating and buffering the
soil carbon balance. However, a large area of
degradation occurred in this grassland, whereas
overgrazing plays an important role (Li et al., 2008).
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This study aimed to explore the potential contribution of
different seasonal rest grazing strategies in the mesic
Sanjiang Plain, China, by analysing the aboveground net
primary production, soil organic carbon, and soil
nitrogen of plots under different grazing intensities and
seasonal rest grazing strategies.

Materials and Methods

Experimental fields: This study was conducted in
experimental plots located in Heilongjiang Province in
northeastern China. This region is under a temperate
continental monsoon climate. The average annual
temperature is 2.3-2.4 °C, and the average annual
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precipitation is 551.5 mm. During the experimental
period (2010-2012), the total annual rainfall and
growing season rainfall were outstandingly lower in
2011 and 2012 than in 2010 (Table 1). The growing
season temperature was also lower in 2011 than in 2010
and 2012 (Table 1). The grassland type is low-lying
meadow and marsh meadow. The main soil type is white
pulp of meadow soil and marsh soil. The experimental
plots were located in 46°41'16.9" N-46°41'38.3" N,
132°39'47.6" E-132°40'23.7" E. The main species is
Deyeuxia angustifolia (Kom.) Chang comb. Nov., and
the main associated species is Carex spp. The
experimental plots had been free from grazing for 10
years before this experiment.

Table 1. Precipitation and monthly mean temperature.

Vear Precipitation (mm) Air temperature (°C)
2010 2011 | 2012 2010 2011 | 2012

Annual 566.4 381.9 488.6 4.3 4.7 4.2

Growing season (May to September) 452 320.8 357.9 19.92 18.56 19.58

Experimental design: In early 2010, grazing plots with
three stocking rate levels-light grazing (LG, 0.6
AU/hm*month), moderate  grazing (MG, 1.0
AU/hm*month) and heavy grazing (HG, 1.4
AU/hm?*/month) were established using a randomized
block design. One cattle with a body weight of 454 kg
was considered one animal unit (AU) based on the 1997
American Grassland Management Association. The
local hybrid cattle were used to impose grazing pressure.
Traditionally, the grazing season was from June to
October, while in this study, three different rest grazing
strategies were imposed. In particular, spring rest-
grazing (Spr.-RG) is nongrazing in June, summer rest-
grazing (Sum.-RG) is nongrazing in July and August,
and autumn rest-grazing (Fal.-RG) is nongrazing in
September. The grazing sample plots (G) began to graze
in June 2010, and the sample plots had not been grazed
or mowed for 5 years and were in an unused state.
Simmental beef cattle commonly raised in the area were
used as research animals. The grazing pressure (Gl)
treatment was set to three levels, namely, light (LG),
moderate (MG) and heavy (HG). Additionally, a control
area without grazing (CK) was established. Each
treatment level was repeated three times, and a random
distribution design was adopted in the sample plots. The
sample plots of light, moderate and heavy grazing areas
and the control area were 3.43 hm?, 2.10 hm?, 1.53 hm?
and 0.25 hm? respectively, and the corresponding
grazing stocking rates were 0.63 cattle/hm?¥month (LG),
1.05 cattle/hm2/month (MG) and 1.34 cattle/hm?/month
(HG). Among them, livestock unit AU is a cow with an
adult weight of 454 kg or the average forage
consumption is the equivalent of daily 12 kg dry matter
(DM). The grazing season was from June to October,
and the daily grazing time was from 5:00 am to 7:00 pm.
After the end of grazing, the grazing area was driven out

of the grazing area and into a unified livestock enclosure.

The remaining grazing plot was set up in the centre of

each grazing area, and the remaining grazing was
designed as three treatments: summer rest grazing (July
August, 60 days) and autumn rest grazing (September-
October, 30 days). The area of each nongrazed plot was
15 x 20 m?. In summer, each grazing area was set up
with a rest-grazing plot, and in autumn, each grazing
plot was set up with a rest-grazing area in autumn;
additionally, the summer-off-grazing plot was removed.

Sampling and measurements: From 2010 to 2012, soil
samples were collected for chemical analysis, and their
physical properties were measured within each
experimental plot. Eighteen soil cores (4.0 cm in diameter)
were extracted and segmented into 0-20 cm depth
increments in each grazing area. Subsamples of the air-
dried soils were ground to pass a 0.15 mm sieve prior to
the following chemical analysis for aboveground net
primary production (ANPP), soil organic carbon (SOC)
and alkaline hydrolysis nitrogen content. In late August,
soil samples were collected and measured in each grazing
plot, nongrazing plot and control area. The soil drilling
five-point sampling method was used to determine the
content of soil organic carbon (0-30 cm). Soil organic
carbon was determined by the potassium dichromate
volumetric method-external heat method.

Statistical analysis

All data analyses were performed in SAS (Anon.,
2005). Multivariate analysis of variance was used to
assess the effect of year, seasonal rest, grazing intensity
and their interactions on ANPP. The effects of year,
seasonal rest, grazing intensity, soil depth and their
interactions on SOC and AHN. One-way ANOVA was
used to compare means between treatments. Normality
and homogeneity were evaluated before all analyses. A
significant difference was considered when p<0.05.
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Table 2. Variance analysis of year (Y), seasonal rest (SR),
grazing intensity (GI) and their interaction effects on plant
aboveground net primary production (ANPP).

Effects df F P
ANPP Y 1 21.067 <0.001***
SR 3 11.331 <0.001***
Gl 2 2.465 0.092
Yx SR x Gl 6 1.144 0.3458

Table 3. Variance analysis of year (Y), seasonal rest (SR),
grazing intensity (Gl), soil depth (D) and their interaction
effects on soil organic carbon (SOC) and alkaline
hydrolysis nitrogen (AHN).

Effects df F P
SOC Y 1 13.517 <0.001***
SR 4 3.968 0.006**
Gl 2 0.137 0.872
D 1 558.067 <0.001***
Yx SR xGIxD 6 0.249 0.958
AHN Y 1 23.763 <0.001***
SR 3 158.900 <0.001***
Gl 2 0.271 0.7633
D 1 53.740 <0.001***
Yx SR xGIxD 6 0.087 0.997
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Fig. 1. Effects of rest grazing on the aboveground net primary
production of different grazing intensity from 2010 to 2012
(mean £ SE; n=6).

*CK-not grazing area; G- grazing sample plots; Spr.-RG - spring
rest grazing; Sum.-RG - summer rest grazing; Fal.-RG - autumn rest
grazing. Different lowercase indicated significant differences in soil
physicochemical properties in soil among different treatments
(p<0.05). The following figures indicated the same.
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Results

Aboveground net primary production; Year and
seasonal rest grazing had significant effects on grassland
ANPP (p<0.001) (Table 2). There were great differences in
ANPP among the different years. The ANPP of all
experimental groups showed a trend of annual decline,
except for the grazing land. Since the grazing experiment
began in July 2010, ANPP data for spring 2010 are not
available. Figure 1 shows that in 2010, with more
precipitation (Table 1), the ANPP of Sum.-RG under
different grazing intensities was significantly higher than
that of grazing land and even significantly higher than that
of natural grassland and Fal.-RG under moderate grazing
pressure (p>0.05, Fig. 1). Under moderate and heavy
grazing intensities, the effect of rest grazing in summer was
significantly higher than that in autumn. In 2011 and 2012,
except for the mildly grazed areas, ANPP in the remaining
areas in different seasons showed a decreasing trend in
spring, summer and autumn. For moderate and severe
grazing pressure, the effect of Spr.-RG was better,
especially under heavy grazing pressure, and the ANPP of
Spr.-RG was significantly higher than that in summer,
autumn or the grazing land (p<0.05, Fig. 1).

ANPP is an important indicator reflecting the
quantitative characteristics of grassland communities, and
its size can be used to judge grassland status and
productivity potential, which is of great significance for
the regeneration or persistent growth of grassland plants.
Overall, short-term seasonal grazing can improve the
quantity index of the grassland community, which is
related to grazing intensity and grazing season. Spring
rest-grazing has the most obvious effect on grassland
vegetation restoration, and autumn rest-grazing is poor. In
addition, interannual climate fluctuations have a
significant impact on the effect of seasonal rest grazing.

Soil organic carbon: Year, seasonal rest grazing and soil
depth had significant effects on SOC (p<0.05) (Table 3).
Large variation was found in the SOC content among
years, which was closely correlated with the precipitation
amount in the growing season of each year (Table 1). The
year 2010, with the highest precipitation amount, showed
a higher SOC content (0-20 cm) in all treatments than the
years 2011 and 2012. In addition to the impact of
precipitation, the timing of rest-grazing also played an
important role in soothing the effect of grazing intensity
on SOC. In 2010, the plots under different grazing
intensities but with Spr.-RG showed no difference in SOC,
while the plots with Sum.-RG showed significantly
decreased SOC under moderate grazing (p<0.05, Fig. 2),
and the plots with Fal.-RG showed significantly decreased
SOC under heavy grazing (p<0.05, Fig. 2). In 2011, a
significant decrease in SOC was found in all plots under
heavy grazing (p<0.05, Fig. 2), indicating the compound
impact between grazing intensity and precipitation. In
2012, no SOC decrease was found among the three
grazing intensity levels in any plot (Fig. 2), which
suggested that the free grazing in the three seasons in
2012 all soothed the grazing pressure; although the SOC
content was lower than that in 2011 due to limited
precipitation in the growing season.
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Fig. 2. Effects of rest grazing on the organic carbon storage in soil (0-30 cm) in plots of different grazing intensity from 2010 to 2012
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Alkaline hydrolysis nitrogen: Year, seasonal rest
grazing and soil depth had significant effects on AHN
(p<0.001) (Table 3). As shown in Fig. 3, in 2010, the
AHN content of each experimental group was generally
low, which may be due to climate reasons. More rainfall
in the growing season is due to the vigorous growth of
plants and the high demand for nitrogen, resulting in a
decrease in AHN in the soil. Under different grazing
intensities, the AHN content of each soil layer in the rest
of the grazing area was significantly higher than that in
the grazing area (p<0.05, Fig. 3). Sum.-RG significantly
increased the AHN content of the 10-20 cm soil layer but
had no significant effect on the 0-10 cm soil layer (p<0.05,
Fig. 3). Compared with moderate grazing, Fal.-RG
promoted the AHN of the 0-10 cm soil layer under light
grazing and moderate grazing pressure. However, there
was no significant difference in AHN between the
different seasons. In 2011, compared with the control, the
AHN content in the 10-20 cm soil layer increased
significantly in the grazing area in different seasons but
had no significant effect on the AHN content in the 0-10
cm and 20-30 cm soil layers. Under the light grazing
intensity, the soil AHN content was promoted in the 0-10
cm soil layer grazing area compared with the nongrazing
area. However, there was no significant difference in
AHN between the different seasons (p<0.05, Fig. 3). In
2012, the AHN of the 10-20 cm soil layer content in the
rest-grazing area was significantly lower than that in the
control and grazing areas (p<0.05, Fig. 3), but in the 0-10
cm and 20-30 cm soil layers, the rest-grazing area was
generally higher, and there was no significant difference
from the control and grazing areas (p>0.05, Fig. 3).
Generally, for light grazing pressure, the effect of no
grazing in summer and autumn is more significant, while
that of heavy grazing pressure is better in spring.

Discussion

Globally, the biological decomposition of soil
organic matter due to human activities releases ten times
more carbon into the atmosphere each year than the
annual carbon emissions from fossil fuel combustion. For
grassland ecosystems, grazing affects the contents and
chemical composition of soil organic matter and the
distribution of carbon in soil (Sun et al., 2010), which
further affects the storage and cycling of soil carbon in
grassland ecosystems and their productivity. Grassland
ecosystem recovery, associated with rest grazing or
reducing grazing intensity, has been designed and
implemented by China’s central government over the past
three decades to control grassland degradation (Zhou et
al., 2011). In China, various management efforts aimed at
alleviating grazing pressure have been promoted to
conserve and restore degraded grassland, which have
shown profound effects on grassland resilience (Mu et al.,
2013; Sun et al., 2020). However, there has been an
outstanding controversy regarding the pattern of the
dynamics of soil organic carbon in meadow grassland and
steppe grassland under grazing pressure (Zinn et al., 2005;
Wang et al., 2007; Zhou et al., 2011). There are also
studies showing that the grazing treatment led to lower
soil organic carbon compared to plots under rest-grazing
treatment (Ding et al., 2012; Yan et al., 2020).
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With increased grazing intensity, the present study
found unaffected organic carbon storage in surface soil
(0-20 cm) in plots under the spring rest-grazing but not
the summer and autumn rest-grazing (Fig. 1). Spring rest-
grazing could be the more important timing, other than
the summer and autumn rest-grazing, as it is the key
period for grass establishment and growth. Gao and Liu
(2010) reported that grazing should be banned
temporarily from April to June each year when the grass
just turns green or to partition the grassland into different
zones and each zone is grazed in turn. Rest-grazing, if
taken in time, has been proven to be a very efficient
grassland management strategy that could effectively
restore vegetation and contribute to the sustainability of
arid grassland (Li et al., 2014; Yan et al., 2020).

In the longer term, continuous free grazing in three
different seasons in 2012 showed no response of organic
carbon storage to increased grazing intensity, which
implicates the importance of the time scale when
determining the impact of improved grassland management
on grassland carbon sequestration in the long term (Wang et
al., 2011; Dong et al., 2020; Du et al., 2020). Many
multiyear observations have found that improved grassland
management, such as banned grazing and rotational grazing,
is mainly responsible for the increase in vegetation coverage
(Mu et al., 2013; Liu et al., 2020). Under these long-term
improved management practices, the soil carbon losses under
heavy grazing intensity in the first year could be reduced,
and the soil carbon sequestration could be enhanced,
probably in combination with higher net primary production
and lower organic matter decomposition in the second and
third years. For instance, Gao and Liu (2010) reported that
the alleviated human intervention on previously degraded
land could increase the biomass returned to the soil and
improve its physical and chemical properties, which could
potentially lead to increased soil carbon sequestration and
decreased soil respiration and further reverse the spiral effect
of continuous degradation (Su, 2007).

Soil available nutrients are mainly related to soil
mineralization, plant absorption and livestock excretion (Li
et al., 1998). The content of available nutrients reflects the
actual fertilizer supply capacity of soil and is affected by
soil temperature and humidity, especially microbial
activities (Kotze et al., 2013). In grassland ecosystems,
available nitrogen is the primary limited resource of
primary productivity, which is closely related to plant
growth and is also the main factor determining the species
composition of the system (Gao et al., 2009). The content
of available nitrogen can be used to evaluate the level of
soil nitrogen supply in the short term. This study showed
that after 3 years of grazing management, the gap in
available nitrogen content in the 0~20 cm soil layer
between continuous grazing plots and seasonal grazing
plots decreased rapidly. In 2012, some grazing plots had
lower available nitrogen contents than did the grazing plots.
This was due to the large aboveground biomass of seasonal
grazing plots, strong absorption of available nutrients by
vegetation and small aboveground biomass of continuous
grazing plots (Zhang et al., 2020). The absorption of
available nutrients by vegetation decreased, while the
excretion of livestock increased, and the content of organic
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matter in the surface layer of the soil increased. With the
decrease in vegetation, the content of available nitrogen
increased but was not absorbed, thus accumulating the
content of available nitrogen.

With regard to the selection of the rest grazing
season, the three rest times set in this experiment were
spring grazing, that is, fencing in June, summer grazing
in July and August, and autumn grazing in September.
This experiment shows that the spring grazing measure is
the most suitable for the experimental area to be
popularized and implemented. Although the plant growth
of the community with no grazing measure was relatively
slow at the beginning of the growing season, it had
enough time to grow and accumulate its biomass so that
livestock had abundant biomass to feed. This period is
also the period with the most abundant water and heat
conditions in the steppe area, and the accumulation effect
on the aboveground biomass of the community is
obvious and reaches the highest in the whole growing
season. After grazing and utilization, the accumulation of
aboveground biomass began to enter the last stage,
especially at the end of August, when plants began to
senesce. Although the accumulation of biomass was
small, there were enough communities to maintain their
community structure and community stability. Compared
with the rest of the grazing in spring, the rest of the
grazing in autumn does not give the community enough
time to accumulate biomass and use it for grazing, which
does some damage to the plants of the community. The
grazing utilization of summer fallow grazing at the end
of the growing season makes the community without
complete  community  structure  and biomass
overwintering, therefore affecting the accumulation and
production of the grassland community in the second
year. Long-term grazing and utilization at the end of the
plant growing season is not conducive to the stability of
grassland ecosystems and plant community composition
structures, and community succession may occur.

Conclusion

The present study highlighted the importance of
timing in the use of seasonal rest-grazing in the short term
and the importance of duration of rest-grazing in the long
term for the soil nutrient balance of mesic grassland. In
addition to the driving power of growing season
precipitation, after three years of grazing management,
the final results showed that (1) under moderate and
severe grazing pressure, the aboveground net primary
productivity of grassland plants was significantly
increased in spring and summer but not in autumn. (2)
The organic matter content in the 0-30 cm soil layer
significantly increased in spring and autumn, and the
organic matter content in the 0-20 cm soil layer
significantly increased in summer. (3) No grazing in
summer and autumn significantly decreased the content of
available nitrogen in the 0-30 cm soil layer, while no
grazing in spring decreased the available nitrogen in the
10-20 cm soil layer but increased the available nitrogen in
the 0-10 cm and 20-30 cm soil layers. The study
contributes to the understanding of the impact of
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differential grazing intensities on the stability of the soil
organic carbon pool and the relative effectiveness of
different seasonal rest-grazing strategies on grassland
sustainability on the Sanjiang Plain.
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