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Abstract The widespreadahd degradatiom alpine meadovecosystenwould affect ecoystem carbon

(C) balanceSix levels of degraded landB1-D6, according to the number oddentholes and coveraye

weresetto investigate effestof rodentinducedland degradation oacosystenCO, fluxes, biomass and

soil chemical propertiesSoil organic carbon (SOC)labile soil carbon (LC), total nitrogen (TN) and

inorganic nitroger{N) wereobtainedby chemical analysisSoil respiration (Rs), net ecosystem exchange

(NEE) and ecosystem respiration (ERjere measured by iGCor 6400 xt. Gross ecosyste production

(GEP) was the sum of NEE and E&boveground biomass (AGRyas based on a linear regression with

coverage and plant height as independent variaBlest biomass (RByvas obtained by using the core

method.Rs ER, GEP andAGB weresignificantly higher in slightly degraded (D3 and Dgroup ) than

in severely degraded land (D1, D2, D4 and B®up I)). Positive averages of NEE the growing season

indicate alpine meadowecosystemis a weak C sinkduring the growing seasorOnly significant

difference was observed in Einong different degradation leveRs, ER, GEP werg8.2%, 44.3% and

46.5% lower in group | than in group Il. The parallel changes of ER and GEP resuitesiyjimificant

difference of NEE between the two groupesitive corrtations of AGB with ER, NEE and GEP and the

relative small AGB in Group Il suggest the controlAd@B on ecosystenCO, fluxes Correlations of RB

with SOC, LC, TN and inorganic N indicatee regulationof RB onSOC, LCand TN with increasing
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number of roént holesn alpine meadovecosystenin permafrost region of QTP.

Keywords: rodent activities alpine meadow, soil respiration, netosystemexchange, ecosystem

respiration

Introduction

Soil contains the largest ecosystem carlfoh stock (Batjes, 199% The widespread land

degradatior(Dregne, 200Rincluding land use change, soil and vagjen degradatiohas resulted

in severesoil C and nitrogen (N) losgWang et al., 20Q9ParrasAlcantara et al., 2013 which is

estimatedo be19-29 Pgworldwide (Lal, 200)). Restoration of the degradedosystemsherefore,

had a great potential sequestrat€ from theatmosphergLal, 2009, with an amual rate 0f0.9 to

1.9 Pg C for a 25 to 50 year perioddrylands(Lal, 200J).

Grassland stores abt 15.2% of the terrestri@cosystenC stockthatis primarilyin the form

of soil C (Ajtay, 1979. Either tre aboveground vegetati¢Ran et al., 2007or the toponemetersoil

and root C #ck (Yang et al., 2008in alpine meadw in the QinghaiTibet Plateau (QTPaccount

for a large proportionf those in grassland ecosystem in CHiXga 2002. However, over one thirds

of grassland in the QTP has been severely degradedtalclimate change grazing and road

constructingn 1990s(Ma et al.,1999, whichhas led tdl.8 Gg C lossn abovegroundC stockfrom

1986 to 200qWang et al., 2008 In addition to thevegetationC loss land degradatiorcould also

resut in declinein soil C andN (Wang et al., 2008Venet al., 2013 and consequentiyightalter C

role of thealpine meadowLi et al., 2012.

The primary causing factorférb | a ¢ k degradationbver the QTHs rodent grazing and

burrowing (Ma et al., 1999 Rodent grazing activis trigger decline in biomass, changén
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belowground biomasdistribution soil structure microclimate, soil erosion, nutrient loss and
imbalanceof nutrient cycling andfinally affect theecosystenC balancgLi et al., 201). Current
studiesconcerning ecosystef balancen alpine meadowiocuson netecosystenexchange (NEE)
(Kato et al., 200% interannual variationn NEE (Kato et al., 200§ soil respiration(Rs) and
ecosystem respiration (ER)smonses texperimentalvarming(Peng et al., 2014th.uo et al., 2010

Lin et al., 201). Effects of rodentnduced land degradatioon ecosystenCO, fluxes are rarely
investigated. To our knowledgéhere are two studies eamining theresponses of R$& land
degradatior{Zhang et al., 203,0/ang et al., 2009)bHowever,Rscannot provide solid evidender
determiring the ecosystem alance.No field experiment has been conducted in the permafrost
region of the QTP to investigate the effeétland degradatioron NEE, a direct measure of the
ecosystem C balancand on its components: ER and grossosystemproduction (GEP)We
conducted a field tady to investigate(l) how the NEE and its components respond to
rodentinducedland degradatiarand(2) how biotic and abiotic factors affetttose @, fluxes with
land degradatiormprocessn Kobresiapygmaealominated alpine meadaw a permafrost areaf the

QTP.

2 Materials and Methods

2.1 Site description

The study site is situated in teeurceregion of the Yangtze River, inland of the Qi&ar the

Beiluhe observational statiofffig.1,3 4 A4 9 Nj]N, 92A56NJE) at an altitude

typi cal al pine cli mat e: Oaadanonthlyaintenpératuteeamgeefromt ur e
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127.9€ in January to 19.2€ in July. Mean annual precipitation is 290.9 mm, of which over 95%
falls during the warm growing season (May to October). Mean arpatential evaporation is
1316.9 mm, mean annual relative humidity is 57%, and mean annual wind velocity is 4(flunets

al.,, 2006. The study site is avinter-grazed range, dominated by alpine meadow vegetation:
Kobresia capillifolia K. pygmaeaandCarex moorcroftij with a mean plant height of 5 cm. Plant
roots occur mainly withinfte 320 cm soil layer, and averageil organic carbon (SOG3 1.5%.

The soil development is weak, and the soil belongs to alpine meadow soil (Chinese soil taxonomy),
or is classified as a Cryosol according to WdRdference Base for Soil Resources, 2006h a
Mattic Epipedon at a depth of approximatelt®cm, and an organiich layer at a depth of 280
cm(Wang et al., 200%aThe parent soil material is of fluviglacial origin and is composed of 99%
sand. Permafsi thickness observed near the experimental sg@- 1 m and the depth of the active
layer is 1.535 m (Wu and Liu, 2004) However, the thickness of the active layer has been

increasing at a rate of 3.1 cril gince 199%lue toclimatic warming(Wu and Liu, 2003.

2.2 Experimental design and measurement protocol

2.2.1 Experimental design

We selectedsix habitats with different number of rodent hole§NRHs) and community
coveragein a mountain slope based on our filed observafldre habitatswere sequenced DD6
from east to northeast. The ®@isce between each habitat was al#0@300 m. In each site, two
subplots (2m>x4m) were set up. ThRHS coverageplarnt heightand major speciga D1-D6 were

shownin Table 1
2.2.2 Measurement protocol
Soil temperature: Soil temperatureat the depthof 5cm was monitoredby a thermeprobe

4



92 attached to l-iCor 6400 (Lincoln,NE, USA.) when measurements of Rs, NEBBd ER were

93  conducted.

94 CO, fluxes: Rswas measured usingcmn tall PVC collars, which were paanently inserted

95 2-3 cm into the soil in the center of each plbhe measuring procedure of Rs was similar to that

96 reported in former studig®eng et al., 2014Zhou et al., 2007 ER and NEE were measured with a

97 transparent chamber (0.5 x0.5 x0.5 m) attached to an infrared gas analyzor@400, Lincoln,

98 NE, USA). The method used was similar to that regubby(Steduto et al., 2002and (Niu et al.,

99 2008. GEPwas the calculated as tsamof NEE and ERRs, NEE and ER were measumtte a

100 monthfrom June to September eachplot.

101 Soil sampling Onesoil samplewascollected at the soil depth 0f3D cm in each plot in June,
102  2012.
103 AGB and RB: AGB was obtained from a stepise linear regressn with AGB as the

104 dependent variable, and coverage and plant height as independent véfiahdest al., 2014Ku et

105 al., 2019. Coverage of each @ was measured using a 10 cm x 10 cm frame in four diagonally
106  divided subplots replicated eight timesD1-D6 in June 2012Plant height was measured 40 times
107 by arulerand averaged for each pl&B was obtained from soil samples that weredgid for one

108 week and passed througlsiave(ti =2 mm)to remove large particles. Roots were separated them
109 soil by washing, andine roots was retrieved bsieve (0 =0.25 mm) Living roots were separated
110 from dead roots by their color and consiste(¥¢gng et al., 200}. And the sparated roots were
111 dried at 78C for 48 h

112 Chemical analysis SOCwasanalyzedusing theWalkley-Black methodWalkley, 1947. TN



113 was measuredvia the Kjeldahl method Ammonia and nitrate Nvere measured colorimetrically
114 througha spectrometer_abile soil carbon (LC)measurement was carried out by the procedure

115 advocatedy (Moscatelli et al., 2007

116 2.3 Data analysis

117 The statistical significance @il temperatureRs NEE, ER and GEIh D1-D6 were tested
118 by the me wayANOVA analysis Monthly datameasured in each subplots from June to September
119 wereused in the analysiBased on the tot?dlHRs CO, fluxes in D3 ad D6 were ranked as group
120 N andthosein D1, D2, D4 and D5 wer¢he groupfi . The statistical sigficance of CQ fluxes

121  between the two groups were also tested byveaye ANOVA analysis.The monthly differenceim

122  CO, fluxes were analyzed by repeated ANOVRelationshipsof Rs, NEE and ER with soil
123 temperatureABG, RB, andTN or inorganic N were analydeby linear regressioanaly®s Person

124  correlationanalyses weremployedto investigate the relationships BfRHs with soil chemical

125 properties andiomass.The linear regression and Pearsmmrelationwere considered significant
126  with P<0.05.Rs, NEE and ER data were the averagsd four monthsin each degrade levethen

127  conducting the correlation anadsAll the analyses were conducted in SPSS 16.0 for windows.

128 3 Results

129 3.1 Soil temperature

130 Soil temperature at the depth of® maximized in Julyrad monthly average soil temperature

131 had nosignificant change P>0.05) among different degradation leve{Big. 2). The monthly
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average soil temperatungas about 9.612.4 °C from D1 to D6.Soil temperature also had no

significantdifference betweegroupN andn .

3.2 Soil chemical properties and biomass

SOC LC, TN, ammonia NandRB werethe highest in D2 than in othérabitatyTable3). AGB
was higher in D3 and D6 than in othe®B©GC LC, TN, and inorganidN (NH,-N and NQ-N) had
no obvious trend witlthe increasing NRHs, whereA&B (r=-0.89,P<0.06) negatively correlated

with theNRHSs.

3.3Rs, NEE, ER and GEP

Repeatedoneway ANOVA showed the significanseasonalchangein Rs (P<0.01) ER
(P<0.05), NEE (P<0.01) and GERP<0.01) The maximum Rs anBR were in JulyFigs. 3a, b),
whereasthe maximum NEE and GEP were in Jufkggs. 3c, d). Growing seasonaéverageRs and
NEE had no significant difference D1-D6 while ER and GEP were marginally higher in D3 and
D6 than in othes (Table4). Rs ER andGEP werehigher in groupN than in groupi (P<0.05).
Insignificant but higher NEE was observedgimupN (2.13¢ mol m?s?) than ingroupii (1.09¢

mol m?s?).

3.4 Relationship of Rs, ER, NEE and GEP withaffecting factors

Ecosystem C@ fluxes had o obvious relationshipwith soil temperature (Fig. 4a), soil
inorganic N (Fig. 4b) an&B (Fig. 4d), while theypositively correlated withAGB with the steepest

regression slope in Rs, followed by ER and NEB. 4c).
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4 Discussion

4.1 C and N loss

Land degradatiorwould cause the decline in SOC and TN density reductionin C and N

stocks eitherin temperate grasslar{@hang et al., 200)0or in alpine meadow ecosystdXue et al.,

2009. Insignificant difference of SOC, LC, TN drinorganic N among D1, D3, D4, D5 and D6

indicate(Table 3) nutrient lossassociated withand degradation induced by rodent acistdiffers

with the C and N loseesulted fromand degradation caused by other factors, such as desertification

and winderosion Soil loses C and Mluring thedegradationprocessby (1) reducing vegetative

growth and exposing the soil surface to wind and water erosion, and (2) reducing the return of litter

to soil (Nunes et al., 20)2Higher AGB in D3 and D§Table 3) suggesting more litter retning to

the soil but more ecosystem G@missionfrom soil intermsof higherRs could be the reason for

lower SOC, LC and TN in D3 and D6. Positive correlation between AGB and Rs indicates

decomposition of fresh litter from AGB might be the major component of Rs in atgaew. The

highest RB in D4n spite oflower AGB comparingnith that in D3 and DTable 3) provesRB is

the majorsourceof soil C and N in the alpine meadow ecosystem.

4.2 CO, fluxes

Soil temperature explains most of ttemporal(Peng et al., 2013&but RB determines the

spatial variation in Rs over the QTBeng et al., 2092 No obvious relatioship between Rs and

soil temperature (Fig. 4a) suggests other factors might involve in controlling the temporal variation

in Rs with land degradation processé¥s decline is observedvith intensification of land
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degradatiorin an alpine meadow ecosysteamd the significant reductioonly appearsn severely
degradedevel (Zhang et al., 2000Lower Rsin groupfi than in groupN (1) supportghe above
finding becauseommunitycoverage in D1, D2, D4 and D5 (Tablecbhformsto thestandardof
the severdand degradatiorfor alpine meadowecasystem (Xue et al., 2008 (2) indicates the
controlling effect obiomasson Rs in degradedndinduced by rodent activitieRs is composed of
autotrophic respiration from plant roots and their symbionts, and hetehotrrespiration from litter
and SOC decompositiofitHanson et al., 2000AGB and dead roots, the major sources of liiter
alpine meadow alleduce(Sun and Wang, 2008and SOC alsabategdue to theshrunk litter input
into soilas a result oiower AGB andplant detritugWang et al. 2009Wen et al., 2013 Lower RB,
SOC and.C yet higher AGBin D3 and D6 than in D1 and DZable 3) implies AGB is the major
controlling factor of Rs with the development of land degradatidnich is ©nsolidated by the
positive correlation between Rs and AGB (Fig. 4ic).disturbed ecosystemamicroorganisms
competition induce the microbes to sue more C energy for cell integrity and maintéviascatelli
et al., 2007, and the consequent highrespirationquotient(Nunes et al., 20)Zould contribute to
the insignificant change in Rs with development of land degradation.

ER comprisesf respiration of AGBand Rs(Zhanget al, 2009. Higher Rsthereforecould be
one reason for thhigher ER in D3 and DéLower relative differenceén Rs (38.2%)than inER
(44.5%) between the two groups suggeste influenceother factors like AGBon ER difference
which is supported by theositive correlation relationship between ER A&B (Fig. 4c).

The higheshet photosynthesig Junein alpine meadow ecosystef¥i et al, 2000 justifies

themaximum GEP in June (Fi@d). Sedge percentageill decreaseandforbs percentageacreag
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with the development of land degradatidiu et al., 2008. The relat/e highernet photosynthetic
rate of forls species Polygonum viviparum Linjh.than that ofsedge speciefCarex atrofusca
Schkuhy our unpublished datadnd higher AGB might compensate for the effect of species
composition change on GERie to the positiveorrelation between GEP and AGBig. 4c) in the
current study

The maximum NEE in June & result of thenighest GERandlower ERin this time(Fig. 2).
Positiveseasonaaverage NEE indicates alpine meadow is weak C sink in the growing season, and
lower NEE in groupn  suggests the declired C sequestration abilitpf alpine meadovecosystem
in degraded landThe nonsignificant difference of NEE in the two groupsght be the result ahe
correspondinghange of ER44.5% higher in groupl than in graipfi ) and GER46.5% higher in

groupN than in groug ).

4.3 Implication of the soil C dynamics

The na-significant difference in NEE among different degradation levels suggest $#@€
loss(in D1, D4 and D5with land degradatiors notdirectly resuled fromchangesn netC uptake
andemissionHigher SOC, LC, TN in D2 with more NRHand thepositivecorrelationbetweerkRB
and SOC suggests thattber dynamicsassociatedvith land degradatigriike species composition
andC allocation between AGB arRB changeamight involvein thesoil C dynamicin degraded land

in alpine meadow ecosystem.

Conclusion

Rs ER and GEP all decreased with increasing NRHs. The corresponding change in ER and
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GEP leads to insignifant change in NEE. All the ecosystem (lDxes are primarily affected by
AGB. SOC and soil utrients changén degraded land is not directly resulted froesponse ohet
ecosystenC balanceo land degradation. tBer processes like species composition and alzna
belowground biomass allocationight play a rolein the soil C dynamiavith developmenbf land

degradation
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Table 1 Featurs of different habitats which are represented by different number of rodents holes
(NRHSs, deep and shallowgoverage, plantdight (H) and major plant species

NRHs NRHs H . .
DD Coverage Major species

(deep) (shallow) (cm)
D1 19 7 0.18 9.5 Carex Moorcroftii
D2 5 13 0.35 7 Kobresia HumilisK. Pygmaea
D3 0 3 0.8 6.5 K. Pygmaea
D4 12 15 0.42 8 C. Moorcroftii, K. Pygmaea
D5 17 13 0.3 7.5 C. Moorcroftii, K. Pygmaea
D6 2 0 0.6 12 C. Moorcroftii
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Table 2 Major devices, measuring procedure, specific feature of mstlamd equipments to
conductthe measurement of soil chemical properties and ecosySitluxes

Items Devices or procedure Specific feature Literature

T 600009TC, Li-Cor, Utah, USA  Athermaoprobe

Rs 640009, Li-Cor, Utah, USA A collar 5 cm in depth Zhou et al., 2007

ER 6400xt, Li-Cor, Utah, USA A collar 50 cm in depth Steduo et al., 2002, Niu €

al., 2008

NEE 6400xt, Li-Cor, Utah, USA A transparent chamber Steduo et al., 2002, Niu €
CO, gradient al., 2008

AGB A frame and a ruler Linear regressin Xu et al., 2015

RB An auger Xu et al., 2015

SOC Walkley-Black method Walkley et al., 1947

TN Kjeldahl nitrogen method

NH,", NOy Spectrometer

LC Spectrometer Blair et al., 1995

T is the soil temperature at 5cm depth; Rs, soil respirdfiBy);ecosystem respiration; NEE, net
ecosystem exchange; AGB, aboveground biomass; RB, root biomass; SOC, soil organic carbon; TN,
total nitrogenNH,", NOs, ammonia and nitrate nitrogen; LC, labile carbon.
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Table 3 Soil organic carbon (SOC), labile soil carbon (LC), total nitrogen (TN), inorganic nitrogen
(NH4"-N andNO3-N), aboveground biomass (AGB) and root biomass (RB) in diffesitats(D1-D6).
The values in the table were the averagg standard error of soil samples in each site.

AGB RB CN

soc LC N NH,"_N NOy_N .

1 1 4 1 1 (@  (kgm)

(gkg™) (gkg™) (mgkg™) (mgkg™) (mgkg™) )
D1 491#€1% 121613 0446002 821#€03Dd 4.16#€0.62a 149 3.80.06c 11.2:0.7ab
D2 870#.1% 2.12#.3la 0.7590.10a 13.11#.2% 3.81#€.5lab 145 13.8:3.5a 11.50.28h
D3 5.024.0lb 1.23#€0.2% 0.460.11ab 854:.00b 2.31#€0.3%c 272 11.31.3a 10.%:0.3a
D4 395#.620 1.28#6.34 0.36#.05b 7.56:1.3% 2.62#.20c 189 6.0t1.5b 10.8:0.30
D5 377932 0.96€.0% 0.38#€.03 9.3843% 1.98#.2Ic 141 6.1:0.9b 10.10.2b
D6 3.41#€3% 0.83#€.04 0.34#60.02 8086€.760 2.64#.1(bc 336 57:0.3b 9.9+0.4

Different letters in each column stands for significant difference B&at05 level.
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Table 4 Results (F valug) of ANOVA on the effect ofand degradation on saiéspiration(Rs), ER
(ecosystenmespiration), NEE (net ecosystem exchange) and GEP (gcosystenmespiration)

D1-D6 GroupN and group
Rs ER NEE GEP Rs ER NEE GEP
F 1.69 2.64 1.35 2.27 7.41 8.21 1.59 6.01
P 0.12 0.04 0.26 0.06 0.01 0.006 0.21 0.02

GroupN includes D3 and D6 while group includesD1, D2, D4,and D5
Numbers in bold stands for the statistical significande<&t05 level
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Figure captions

Fig. 1. Location of the study area

Fig. 2. Soil temperaturén each degrdation level(D1-D6) from June to Septembegrror bars was the
standard error for DD6 in each month

Fig. 3. Monthly soil respiration (Rsa), ecosystem respiration (EB), net ecosystem exchange (NEIE
and gross ecosystem production (GERamongdifferent degradatiotevelsfrom June to September.
Values in the bars were the average of four repliqites replicates in two subplotsand error bars
are standard errors.

Fig. 4. Linear regressions Z0O, fluxes (soil respiration [Rskcosystenmespiration [ER], heecosystem
exchang [NEE]) with soil temperature (a), inorganic nitrogen (b), aboveground biomass (c) and root
biomass (d)Rs, ER and NEE data were the average of four measurements from June to September
within two subplots; inorganic nitrogen and root biomas8@0m) wasderived from soil samples at

the 330cm depth in June.
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