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Abstract

Grazing heavily influencethe soil organic carbon pool of grasslamdsystemsnd therefore plays an important raie
the global carbon balance. In China, various efforts aimed at alleviating grazing phessuteeermpromoted in the past two
decades to conserve and restore attgnl grassland, and improvesinagement hashown profound effects on grassland
resilience. Although many studies have explored the role e§razing in aridgrasslandslittle is knownaboutthe effects of
seasonal regjrazing strategies on carbonrsige in mesigrasslandsThis study analysed the effects of rest grazingpring,
summer, and autumn on the soil nutrients and plant growth content of plots under light, medium, and heavy grazing intensities
respectivelyfor 3 continuous years (20012) on theDeyeuxia angustifolia meadow grassland in Sanjiang Plain in Northeast
China. The study contributes to thederstanding athe relative effectiveness of different seasonalgesting strategies on
grassland sustainability the Sanjiang Plai. The results highlight the importance of timing in the use of seasongtaestg
in the short term for the soil carbon balance of mesic grassland: (1) under moderate and severe grazing pressure, the
abovegroundhet primary productivity of grasslandapits was significantly increased in spring and summer but not in autumn.
(2) The organic matter content ithe 0-30 cm soil layer significantly increased in spring and autumn, and the organic matter
content inthe0-20 cm soil layer significantly increasedsummer. (35easonalestgrazing significantly decreased the content
of available nitrogen ithe 0-30 cm soil layer, gpeciallyin the 10-20 cm soil layerln addition tothe driving power of growing
season precipitation, our results suggest thabsehresgrazing has a great potential for the recovery of soil carbon storage in
mesic grassland despite differential grazing intensity levels
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Introduction Stuedemann, 2009). In rangeland under human
disturbance, grazing intensity isewf the critical factors

Grassland has multiple important ecosystem serviccontrolling SOC and nutrient cyclingy influencing both
values (Costanzaet al.,, 1997) and provides litter accumulation and soil structure (Pifie¢tal., 2009).
approximately 70% of the herbage for ruminants For example, the SOC storage in the alpine meadow of
worldwide (Holechek et al., 2004). Grassland China declined notably in the grazing plots compared to
sustainability requires appropriate grassland managemethe undisturbed plots (Met al., 2016).
practices. The sustainabledevelopment ofgrasslands Longterm rest grazing has been reported to be
should highlight both the ecosystem and economideneficial to soil water status and carbon storage (Wang
sustainability of grasslands. In China, alm®&X% of et al.,, 2015) and vegetation storage @tial., 2014) in
natural grassland degraded to varyingxtents which is  arid grasslandsThe results showed that the contehsoil
mainly due to overgrazing (Liuet al., 2004). organic carbon in grassland ithe grazing area was
Traditionally, livestock production in mostreasn China  significantly higher than that irthe nongrazedarea
depends on the availability of natural grass. The(p<0.05) (Reederetat al., 2002). Milehunag LaueRoth
increasing livestock number, and thus the increasin(1993) compared the data of grazing and forbidden
consumptia of plant biomass from the grassland, led tograzing at 236 sites in the world. The results showed that
the drastically increased grazing intensity in thethe change& underground biomass, organic carbon and
originally non or slightly degraded grassland in thenitrogen were not consistent with grazing and sometimes
ecologically fragile regionsGrasslands sufferinfrom  showeda positive correlation andosnetimesa negative
different degrees of grazing pressure requireedéit correlation.In summary there are many studies on the
measures for resilience. For slightly and moderateleffects of different grazingntensities no grazing and no
degraded steppes, grazing rotation and seasongrazing on grassland vegetation and soil at home and
enclosures should be considered. For heavily degradeabroad, but there are few discussions on the combination
grassland, grazing should be banned to alltve  of differert grazingintensitiesand seasonal grazing.
resilience of native vegetation. The Sanjiang Plain in Heilongjiarrovince,Ching

An improvedunderstanding of the integrative effectsis famous for its concentrated distribution of natural
of grazing intensity and plant species on soil carborlow-lying grassland, including large areas of intrazonal
dynamicsis important for improving the sustainabilingf ~ meadows, bog meadows and marshes (#tal., 1992).
forage systems (Wang al., 2014). It has been reported The Sanjiang Plain has large plant productivity, which
that grassland management affects soil oam@rbon plays an important rolén regulating and buffering the
(SOC) content (Zinret al., 2005; Garcigliva et al., soil carbon balance. Howevera large area of
2006), whereas grazing intensity exerts a major impact odegradation occurred in this grasslandvhereas
plant growth and soil carbon balance (Franzluebbers éovergrazing plays an important role (kt al., 2008).


mailto:wangmingjun@neau.edu.cn

1820 MI NGJUN ¥YPAN.G

This study aimed to explore the potential contribution ofprecipitation is 551.5 mm. During the experimental
different seasonal rest grazing strategiestia mesic  period (20162012), the total annual rainfall and
Sanjiang Plain, China, bgnalysing theaboveground net growing season rainfall were outstandingly lower in
primary production, soil organic carbon, and so0il2011 and 2012 thaim 2010 (Table 1). The growing
nitrogen of plots under different grazing intensities andseason temperatureasalso lower in 2011 thaim 2010

seasonal rest grazing strategies. and 2012 (Table 1). The grassland type is -lging
meadow and marsh mead. The main soil type is white
Materials and Methods pulp of meadow soil and marsh soil. The experimental

plots were located in 46°41'16.9" M6°41'38.3" N,
Experimental fields: This study was conducted in 132°39'47.6" E132°40'23.7" E. The main species is
experimental plots locatein Heilongjiang Province in Deyeuxia angustifolia (Kom.) Chang comb. Nov., and
northeastern China. This region is under a temperatthe main associated species Barex spp The
continental monsoon climate. The average annuaexperimental plots had been free from grazing for 10
temperature is 2:24 °C, and the average annual years before this experiment.

Tablel. 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 Septembe 452 320.8 357.9 19.92 18.56 19.58

Experimental design: In early 2010, grazing plots with each grazing area, and themaining grazing was
three stocking rate levelight grazing (LG, 0.6 designed as three treatments: summer rest grazing (July
AU/hm#month), moderate grazing (MG, 1.0 August, 60 days)ral autumn rest grazing (September
AU/hm#month) and heavy grazing (HG, 1.4 October, 30 days). The area of eamingrazedlot was
AU/hm?#month) were established using a randomizecl5 x 20 M. In summer, each grazing areas set up
block design. One cattle with a body weight of 454 kgwith a restgrazing plot, and in autumn, each grazing
was considered one animal unit (AU) based onl®@7 plot was set up with a resgrazing area in autumn
American Grassland Management Association. Theadditiondly, the summeroff-grazing plotwasremoved.

local hybrid cattlevereused to impose grazing pressure.

Traditionally, the grazing season was from June toSampling and measurements: From 2010 to 2012, soil
October, while in this studythree different rest grazing samples were collected for chemical analysisd their
strategies were imposed. In parlay spring rest physical properties were measured within  each
grazing (SprRG) is nongrazing in June, summer fest experimental plot. Eighteen soil cores (4.0 cm in diameter)
grazing (SUmRG) is nongrazing in July and August, were extracted and segmented inte2 cm depth
and autumn reggrazing (FakRG) is nongrazing in jncrements in each grazing area. Subsamples of the air
September. The grazing sample plots (G) began to graigried soils were ground to pass a 0.15 mm sieve prior to
in June 2010, and the samgiiots hadnot been grazed e foj1owing chemical malysis for abovegroundnet

or mowed for 5 years andere in an unused state. primary production (ANPP), soil organic carbon (SOC)

Simmental beef cattle _commonly rmsed_ in the area Werand alkaline hydrolysis nitrogen content. In late August,
used as research animals. The grazing pressure (C::

treatment was set to three levels, namdight (LG), soil samples were collected and measured in each grazing

moderate (MG) antieavy (HG). Additionallya control plot, nqngrazingplot and control arealhe soiIdriIIiljg
area without grazing (CK) wasestablished Each five-point samplmg method was used to dgtermmg the
treatment level was repeated three times, anandom content of soil orgaljlc carbon -GD cm). SO'_' organic
distribution design was adopted in the sample plots. Thcarbon was determined bihe potassium dichromate
sample plots of light, moderate and heavy grazing arecVolumetric methoeexternal heat method.

andthe control area were 3.43 An2.10 hrd, 1.53 hra
and 0.25 hrfy respectively, and the corresponding

grazing stocking rates were 0.63 cattle?hmonth (LG),

1.05 cattle/hm2/monttfMG) and 1.34 cattle/hAmonth All data analyses were performed 8AS (Anon,
(HG). Among them, livestock unit AU is a cowith an 2005). Multivariate analysis of variance was used to

adult weight of 454 kg or the average forage@SSe€ss the effect of year, seasonal rest, grazing intensity
consumption is the equivalent of daily 12 kg dry matterand their interactions on ANPFhe effects of year,
(DM). The grazing season was from June to Octoberseasonal rest, grazing intensity, soil depth and their
and the daily grazing time was from 5:00 am to 7:00 pminteractions on SOC andHN. Oneway ANOVA was
After the end of grazing, the grazingearwas driven out usedto compare means between treatmehisrmality

of the grazing area and into a unified livestock enclosur@nd homogeneity were evaluated before all analy&es.
The remaininggrazing plot was set up in the centre of significantdifference was considered whp«0.05

Statistical analysis
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Table 2. Variance analysis of year (Y), seasonal rest (SR), Results
grazing intensity (GI) and their interaction effects on plant
aboveground net primary production (ANPP). Aboveground net primary production Year and
Effects df F P seasoal rest grazing had significant effects on grassland
ANPP Y 1 21.067  <0.001** ANPP (©<0.001) (Table 2)Thereweregreat differences in
SR 3 11.331 <0.001*** ANPP amongthe different years. The ANPP of all
Gl 2 2.465 0.092 experimental groups showed a trend of annual decline,
Yx SR x Gl 6 1.144 0.3458 exceptfor the grazing landSince the grazing experiment
began in July 2010, ANPP data for spring 2010 are not
Table 3. VVariance analysis of year (), seasonal rest (SR), available. Figure 1 showsthat in 2010 with more
grazing intensity (Gl), soil depth (D) and their interaction precipitation (Table 1), the ANPP of SuRG under
effects on soil organic carbon (SOC) and alkaline different grazingintensitieswas significantly higher than
hydrolysis nitrogen (AHN). that of graing land and even significantly higher than that
Effects df F P of natural grassland and F&G under moderate grazing
SoC Y 1 13517 <0.001** pressure f>0.05, Fig. 1).Under moderate and heavy
SR 4 3.968 0.006* grazing intensities, the effect of rest grazing in summer was
GD' i Sgélg;? <006€(;)713** significantly highgr than that in aumn. In 20;1 and.2_012,
: ‘ except for the mildly grazed areas, ANPP inrds@aining
YXSRxGIxD 6 0.249 0.958 . . . .
AHN v 1 23 763 <0001+ areas in different seasons showed a decreasing trend in
SR 3 158.900  <0.001** spring, summer and autumn. For moderate and severe
Gl > 0.271 0.7633 grazing pressure, the effect of SRG was better,
D 1 53740  <0.001** especially undeheavy grazing pressurandthe ANPP of
YxSRXxGIxD 6 0.087 0.997 Spr-RG was significantly higher than that in summer,
autumn or the grazing lanp<0.05, Fig. 1).
450 - a —— ANPP is an important indicator reflecting the
400 4G I Graze gquantitative characteristics of grassland communities, and
sl a il its size @an be used tojudge grassland status and
300 ? abaPa Wl e productivity potential, which is of great significance for
s } ‘} a the regeneration or persistent growth of grassland plants.
on bT Overall shortterm seasonal grazing can improve the
o ||| ¥ s L . o
sl , o guantity index ofthe grassland communitywhich is
- = related to grazing intensity and grazing season. Spring
sl restgrazing has the most obvious effect on grassland
S I . vegetation restoration, and autumn 1g@stzing is poorln

a addition, interannual climate fluctuations have a
significant impact on theffect of seasonal rest grazing.

M

a

depth had significant effects on SOC (p<0.05) (Table 3).
Large variation was foundh the SOC content among
b years, which was closely correlated with the precipitatio
F c amount in the growing season of each year (Table 1). The

[+]
G
a
| ab Soil organic carbon: Year, seasonal rest grazing and soil
C ‘[
year 2010, with the highest precipitation amount, showed

: a higher SOC content (@0 cm) in all treatments than the
ol HG years 2011 and 2012.In addition to the impact of

glass productivity (g/m?)
- 88888888
o
i ot
—
4 Q.
O
o

il precipitation, the timing of régyrazing also played an
sool. . a a important role in soothing the effect of grazing intensity
ik ab b a on SOC. In 2010, the plots under different grazing
- b ] intensitiesbut with Spr-RG showed no differenciemn SOC,

I b _k b b while the plots with SurARG showed significantly
1or hllb | decreased SOGnder moderate grazing<0.05, Fig. 2)
o and the plots with FaRG showed significantly decreased
or SOC under heavy grazing<0.05, Fig. 2). In 2011a
0 T

significant decreasin SOC was found in all plots under

_ _ ) heavy grazingp<0.05, Fig. 2), indicating theompound

Flg. 1. Effects of rest grazing on the aboveground net prlmaryimpact between graz|ng |ntens|ty and prec|p|tat|on In
production of different grazing intensity from 2010 to 2012 5512 o SOC decrease was found among the three
(mean & SE; n=6). grazing intensity levels in any plot (Fig. 2), which

*CK-not grazing area; Gqgrazing sample plots; SHRG - spring . . .
rest grazing; SurRG - summer rest grazing; FRG - autumn rest suggested that the fregrazing inthe three seasons in

grazing. Different lowercase indicated significant differences in s0i2012 all soothed the grazing press although the SOC
physicochemical properties in soil among different treatmentcontent was lowerthan that in 2011 due to limited
(p<0.05). The following figures indicated the same. precipitation in the growing season

2010 2011 2012
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Fig. 2.Effects of rest grazing on the organic carbon storage in s80 @m) in plots of different grazing intensity from 2010 to 2012
(mean + SE; n=6).
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Fig. 3. Effects of rest grazing on the alkaline hydrolysis nitrogen in se80(@m) in plots of different grazing intensity from 2010 to
2012 (mean + SE; n=6).
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Alkaline hydrolysis nitrogen: Year, seasonal rest With increased grazing fensity, the present study
grazing and soil depth hasignificant effects on AHN found unaffected organic carbon storage in surface soil
(p<0.001) (Table 3)As shown in Fig 3, in 2010, the (0-20 cm) in plots under the spring r@ghzing but not
AHN content of each experimental group was generallithe summer and autumn regtzing (Fig. 1). Spring rest
low, which may be due to climate reasons. More rainfalgrazing could be the more important timing, other than
in the growing season is due to the vigorous growth othe summer and autumn regtazing, as it is the key
plants andthe high demand for nitrogen, resulting in a period for grass establishment and growth. Gao and Liu
decrease in AHN in the soilUnder different grazing (2010) reported that grazing should be banned

intensities the AHN content of each soil layer in the restiemporarilyfrom April to June each year when the grass
of the grazing area was significantly higher than that iNjust turns green or to partition the grassland iifferent

the grazing areap€0.05, Fig. 3). SUrRG significantly e and each zone is grazed in turn. -Beesting, if
increased the AHN content tdfe 10-20 cm soil layer but taken in time, has beeprovento be a very efficient

had no significant effect atme 0-10 cm soil layer<0.05, grassland management stratethat could effectively

Fig. 3). Compared with moderate grazing, RG . : o
; ; restore vegetation and contribute to the sustainability of
promoted the AHN othe 0-10 cm soil layer under light arid grassland (Lét al., 2014: Yaret al., 2020).

grazing and modate grazing pressure. However, there ) o
was no significant difference in AHN betweethe . In the Iongertgrm, continuous fregrazing in three _
different seasonsn 2011, compared with the control, the different seasons in 2012 showed no response of organic

AHN content in the 10-20 cm soil layer increased carbon storage to increased grazing intensity, which
significantly inthe grazing area in different seasons butimplicates the importance othe time scale when
had no significant effect othe AHN content inthe0-10  determining the impact of improved grasslandnagement
cm and 2630 cm soillayers Under the light grazing on grassland carbon sequestration in the long term (\ang
intensity, the soil AHN content was promoted in th#00 al., 2011; Donget al., 2020; Duet al., 2020). Many
cm soil layer grazing area compared with the nongrazingnultiyear observationshavefound that improved grassland
area. However, there was no sigant difference in  managementuch as banned grazing and rotational grazing,

AHN betweenthe different seasongn<0.05, Fig. 3). I js mainly responsible for the increaisevegetation coverage
2012, the AHN ofthe 10-20 cm soil layer content in the (Mu et al., 2013; Liuet al., 2020). Under these lorigrm

restgrazing area was significantly lower than that in the

control and grazingreag(p<0.05, Fig. 3), but ithe 0-10 h L L .
X . eavy grazing intensity in ¢hfirst year could be reduced
cm ard 2030 cm soillayers the resgrazing area was and the soil carbon sequestration could be enhanced,

enerally higher, and there was no significant difference . o . ) .
?rom thg cc?ntrol and grazingreas (p>0.05, Fig. 3). probably incombinationwith higher net primary production

Generally, for light grazing pressure, the effect of no@nd lower organic matter decomposition in the second and
grazing in summer and autumn is morgndicant, while  third years For instance, Gao and Liu (2010) reportest t

improvedmanagement practicele soil carbon losses under

that of heavy grazing pressure is better in spring. the alleviated human intervention on previously degraded
land could increase the biomass returned to the soil and
Discussion improve its physical and chemical properties, which could

potentially lead to increased soil carbon sequestration and

Globally, the biological decomposition of soil decreased soil resption and further reverse the spiral effect
organic matter due to human activities releases ten timeof continuous degradation (Su, 2007).
more carbon into the atmosphere each year than the Soil available nutrients are mainly related to soil
annual carbon ensfons from fossil fuel combustion. For mineralization, plant absorption and livestock excretion (Li
grassland ecosystems, grazing affects the contents aet al., 1998). The content of available nutrients reflects the
chemical composition of soil organimatter and the actual fertilizer supply capacity of soil and is affected by
distribution of carbon in soil (Sust al., 2010), which soil temperature and humidity, especially microbial
further affects the storage and cycling of soil carbon iractivities (Kotzeet al., 2013). In grasslan@&cosystems
grasslandecosystemsand their productivity. Grassland available nitrogen is the ipmary limited resource of
ecosystem recovery, associated with rest grazing cprimary productivity, which is closely related to plant
reducing grazing intensity, has been designed angrowth and is also the main factor determining the species
i mpl ement ed thagove&rmem avér she mast icomposition of the system (Gabal., 2009). The content
three decades to control grassland degradation (Zhou of available nitrogen cahe used teevaluate the levelfo
al., 2011). In China, various management effaitaedat  soil nitrogen supply in the short term. This study showed
alleviating grazing pressure have been promoted tthat after 3 years of grazing management, the igap
conserve and restore degraded grassland, which haavailable nitrogen content ithe 0~20 cm soil layer
shown préound effects on grassland resilience (Mual., between continuous grazing plots and seasonal grazing
2013; Sunet al.,, 2020). However, there has been anplots decreased rapidly. In 2012 nd grazing plots had
outstanding controversyegarding the patternof the lower available nitrogenontentghandid thegrazing plots.
dynamics of soil organic carbam meadow grassland and This was due to the large aboveground biomass of seasonal
steppe grassland under grazing pressure (@imh, 2005; grazing plots, strong absorption of available nutrients by
Wang et al., 2007; Zhouet al., 2011). There are also vegetation and small aboveground biomass of continuous
studies showing that the grazing treatment led to lowegrazing plots (Zhanget al., 2020). The absorption of
soil organic carbon compared to plots under-geazing available nutrients by vegetation decreased, while the
treatment (Dingt al., 2012; Yaret al., 2020). excretion of livestock increased, and the content of organic
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matter in the surface layer tfe soil increased. With the differential grazing intensities on the stability thie soil
decreasdn vegetation, thecontent of available nitrogen organic carbon pool and the relative effectiveness of
increased butwas not absorbed, thus accumulating thedifferent seasonal regrazing strategies on grassland
content of available nitrogen. sustainabilityon theSanjiang Plain.
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