
CHINESE GEOGRAPHICAL SCIENCE
Volume15,Number3,pp.!"!#!"$,2005
SciencePress,Beijing,China

!""!#$% &" ’($!) $(*+! ,-. -/$)&0!- ,../$/&-
&- #&1 !2/%%/&- ")&2’!$+,-. %&/+

YANG Ji-song1,2,LIU Jing-shuang1,2,YU Jun-bao1,2,W ANG Jin-da1,2,QIN Sheng-jin1,2,LIXin-hua1,2

(!" #$%&’()*& +,*&-&.&( $/ 0($1%)2’3 ),4 51%-6.7&.%)7 86$7$139 :’-,(*( 56)4(;3 $/ <6-(,6(*9 :’),16’., !=>>!?9 @" A"
:’-,)B ?" 0%)4.)&( <6’$$7 $/ :’-,(*( 56)4(;3 $/ <6-(,6(*9 C(-D-,1 !>>>!E9 @" A" :’-,))

,*%$),#$:Soilrespiration isa main dynamic processofcarbon cycle in wetland.Itisimportantto contribute to
globalclimatechanges.W atertableand nutritiousavailability aresignificantimpactfactorsto influenceresponsesof
CO2 emission from wetland soilto climate changes. Twenty-fourwetland soilmonolithsat4 water-table positions

and in 3 nitrogen statushavebeen incubated to measureratesofCO2 emission from wetland soilsin thisstudy.Three
staticwater-tablecontrolsand afluctuantwater-tablecontrol, with 3 nitrogen additionsin every water-tablecontrol,

were carried out.In no nitrogen addition treatment,high CO2emissionswere found ata static low watertable (¢æ)
and afluctuantwatertable(¢ô ),averaging 306.7mg/(m 2¡⁄h)and 307.89mg/(m 2¡⁄h),respectively,which were51% #
57% higherthan thatatstatic high watertable (¢ò and ¢ó ).Afternitrogen addition,however,highestCO 2 emission

wasfound at¢ò and lowestemission at¢ó . Theresultssuggested thatnutritiousavailability ofwetland soilmightbe
im portantto influencetheeffectofwatertableon theCO2 emission from thewetland soil. Nitrogen addition led to

enhancing CO2 emissionsfrom wetland soil,whilethehighestemission wasfound in 1N treatmentsotherthan in 2N
treatments. In 3 nutritioustreatments, low CO2 emissionsathigh watertablesand high CO 2 emissionsatlow water
tableswerealso observed when watertablefluctuated.Ourresultssuggested thatboth watertablechangesand nutri-

tiousimportswould effecttheCO2 emission from wetland.
3!4 ’&).%:CO2 emission;watertable;nitrogen addition;wetland soil
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CO2em issionfrom soiltoatmosphere, whichisim por-
tanttocontributetothecarbonbalanceofecosystem ,is
one of the largest fluxes in the global carbon cycle
(SCHLESINGER and ANDREW S, 2000). Further-
m ore,thechangeofCO2 em issionfrom soil,asaresult
ofsoilorganicm atterdecomposition, isamainprocess
of soil carbon cycle responding to clim ate changes
(W ANG andLIU,2002).Therefore,becauseofclim ate
warming,thepotentialofCO2em issionsfrom variouse-
cosystem s have been concerned increasingly
(HOUGHTON (& )7., 1992). Thisalso drovethere-
search ofthe relationshipsbetween CO2 emissionsand
impactfactorsofecosystem (M OORE,1994).
W etlandsactascarbon sinks because mean annual

primary production exceedsannualorganic m atterde-
com position, butonlyasmallfraction ofcarbon fixed
byplantseachyearaccum ulatesinthesoil. M orethan

90% fixedcarbonisre-releasedtotheatm osphere,with
upto95% ofoutputbeingCO2(CLYM O,1983; W AD-
DINGTON andROULET,2000).Thissm allnetcarbon
storage can be offsetby increasing in CO2 emissions,
converting wetlandsfrom sinksto sourcesofcarbon to
theatmosphere(FRANCEZ andVASANDER,1995).
Tem perature, watertableand nutritiousavailability

are main controlsofCO2 emissionsfrom wetland soils
(BRIDGHAM (& )7.,1995).As aresultofclim atech-
anges,however,tem peraturem ayincrease,watertable
maydraw down in thedroughtsum mers, and inputof
nutritious m atterto wetland ecosystems may increase
(AERTS and LUDW IG,1997; BLODAU,M OORE,
2003a; KELLER (& )7., 2005). W armingairandsoil
temperatures can stim ulate the microbialactivity and
the organic m atterdecomposition, resulting in higher
CO2 em issionsfrom borealpeatlands(CHRISTENSEN
(& )7., 1999). W atertabledrawdown can enhancethe
soiltemperature and the aerobic decomposition ofor-
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ganicm atter(LIEFFERS,1988;AERTS andLUDW IG,
1997),whichstim ulatestherootsrespirationandmicro-
bialrespiration in soil(SILVOLA !" #$.,1992; BLO-
DAU !" #$., 2004), and consequently CO2 em ission
from soilincreases(KIM andVERM A,1992).Increase
ofnutritiousavailability in soilcan play apositiverole
to enhance the m icrobial activity and CO2 em ission
(BRIDGHAM and RICHARDSON,1992;AERTS and
LUDING,1997).Therefore,thestudyoneffectsoftem-
perature, watertableandnutritiousavailabilityonCO2

emission from wetland soils is crucialto understand
m echanisms of greenhouse gases from wetlands re-
spondingtoclim atechanges.
TheSanjiang Plain isan areawherethebiggestwet-

land in China islocated and the wetland totalarea is
835!103ha (LI !" #$.,2002).M any studieshave been
carriedoutonCO2 emission intheSanjiangPlain, but
them ajorityofthem focuson investigatingcharacteris-
ticsofCO2 fluxesand exploring relationshipsbetween
fluxesand environmentalfactors(SONG !" #$.,2003a;
2003b;2004).Itisstillnotclearon CO2 em ission from
wetland soilresponding to watertable and nutritious
availability.Inthisincubationstudy,4watertablecon-
trolsand3nitrogenadditiontreatmentsinambientenvi-
ronmentwerecarriedouttom easuretheratesofCO2 e-
m issionfrom wetlandsoils. Specificaimsofthisstudy
were: 1) tostudyeffectsofwatertableand nutritious
availability on CO2 em issionsfrom intactwetland soil
m onoliths;and2)toinvestigatewhetheranobservedef-
fectdependedanother.
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Soilm onoliths used in this study were collected in a
wetland, withtheareaof15ha, 10km awayfrom San-
jiang M ire W etland Ecosystem ExperimentalStation,
ChineseAcademyofSciences,locatedatHongheFarm
in theeastern partofHeilongjiang Province, Chinaat
approxim ately47"35#N,133"37#E.Thecentreofwet-
land isperennially flooded and theclimatecharacteris-
tics are similar to Sanjiang M ire W etland Ecosystem
Experim entalStation,CAS.Thestation’sclim ate,vege-
tation and soiltypesm ay referto the paperby SONG
Chang-chun!!" #$.(2003).Thesoilmonolithscollected
inthestudyisselectedin%!&!’()# #*+’,")-.$)# com mu-
nitylocatedinthem arginofthewetland,wherethewa-
ter table position is seasonalfluctuantwith the local
rainfall.Inayear,thesoilsurfaceisfloodedbywaterof
0$5cm depthforabout2months, andisexposedtothe
airintheothermonths.
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Twenty-fourinelasticityplasticbarrels(Fig.1d),45cm
intopdiam eterand35cm inbottom diameterand50cm
high, wereusedtoincubatethesoilmonoliths, which
were collected with stainless steelshovelon June 7.
First,asam pleplotof15m !15m wasselectedrandomly
form onolithscollecting.Theintactrootslayer,45cm in
diameter and about 17cm thick, with living plants
aboveground together,wasdugup carefullyand placed
asideforuse. Then, nethersoilbelow therootslayer,
about15cm thick, wasextracted and installed in the
barrel.Finally,therootslayerforusewastightlyplaced
on the top ofnethersoilin the barrel. Twenty-four
m onolithswerecollectedwith thesam em eansand car-
riedbackthestationtoincubate.
Beforeincubated,waterwasaptlyaddedtothem ono-

liths and pre-incubated for a week to renew the dis-
turbedroots.W atertablecontrolsandnitrogenaddition
treatmentswerecarried outon June14.In thestudy,4
watertablecontrolswereset:(¢æ)10cm below thesoil
surface,(¢ò )atthesoilsurface,(¢ó )5cm abovethesoil
surface,and (¢ô ) fluctuating between 5cm below and
5cm abovethesoilsurfaceinweeklyintervals. Control
¢æ was achieved through the equipm ents installed on
thebarrel(Fig.1).W aterwasaddedthroughathinplas-
ticpipe(Fig.1a),5m m in diameterand 20cm long,in-
serted10cm inthesoilmonolith.Anotherwaterreceiv-
er(c) joinedtothebarrel, withavesselat10cm below
thesoilsurface, wasused to collecttheredundantwa-
ter, which wasused to nextwateradding to avoid the
nutrition losing. Control¢ò , ¢ó and ¢ô weredirectly
carriedoutbywateraddingfrom thesoilm onolithssur-
face.And3nitrogenadditiontreatm entswith2replica-
tionswerealso setin everywater-tablecontrol: no ni-
trogen addition (0N),3.133g NH 4Cl (1N),and 6.266g
NH4Cl(2N).
Sm allPVC tubes (Fig.1b),7.5cm in diam eter and

25cm long, wereusedtosam pletheCO2releasedfrom
theincubatedsoils.Beforegassam pling,asmallcluster
ofplantsaboveground wereresected attheground sur-
faceandtubewasinserted5cm intothesoil.W hensam -
plingbegan,thetopoftubewassealedanda50m lglass
injectorwasused to collect40m lgasat0min, 10min
and20min,respectively,aftertubesealed.Gassam ples
were saved in 0.5L gasbags. CO2 concentration was
m easured on a Shimadzu GC-12A in Sanjiang M ire
W etland Ecosystem Experimental Station! within a
week. M ethods ofCO2 concentration analyzing and
CO2 flux calculatingweretaken from thepaperwritten
bySONG Chang-chun!" #$.(2003b).
Plantwasharvested and aboveground biom ass, de-
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notedbytheweightofdrym assin everymonolith,was
m easuredattheendoftheexperiment.
The dataofaboveground biomassand ofCO2 em is-

sion rates in this paper were from sam ples with two
replicationsand no replications, respectively. SPSS
13.0andOriginPro7.5wereusedtodostatisticalanaly-
sisofthedata.
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CO2 em ission from soilsatdifferentwatertable posi-
tionswith no nitrogen addition showed a pattern ofan
increasefollowed byadecreasewith thetimegoing on
(Fig.2).The higherCO2 em issions wereobserved in
August and lower CO2 em issions were in July and
Septemberinallwatertablecontrols.ANOVA analysis
showedthattheratesofCO2 emission from soilsatdif-
ferentwatertablepositionspresentedsomevariancebut
notsignificantatthelevelof95% (0.1<7<0.5).Accord-
ingtothemeanvalues,theratesofCO2 em issioncould
beclassifiedintotow groups: ¢æand¢ô , inwhichthe
ratesofCO2 em ission were similar(7>0.9),averaging
306.7mg/(m 2¡⁄h)and307.89mg/(m 2¡⁄h),respectively;¢ò
and¢ó sim ilartoo(7>0.9),averaging202.66m g/(m 2

¡⁄h)
and196.68mg/(m 2

¡⁄h),respectively(Table1).Thatisto
say, whenthewatertablewas10cm below thesoilsur-
faceandfluctuated between5cm below and 5cm above
thesoilsurface, CO2 emissionsfrom soilwere51% !
57% higherthan thewatertableof0cm and 5cm above
thesoilsurfaceinthestudy.
Consistentwithmanyresultsofotherstudies, CO2 e-

m issionsatstaticlow watertableswerehigherthanthat

atstatichigh watertables (CHIM NER and COOPER,
2003; M OORE and DALVA, 1993a; FUNK 34 15.,
1994).Inthestudyitwasfoundin0N treatmentCO2 e-
m ission at10cm watertablebelow thesoilsurfacewas
51% and 55% higherthan at0cm and 5cm watertable
abovethesoilsurface(Fig.3).Soilrespirationismainly

Fig.1Equipmentsusedtomarshsoilcolumn
incubating(d),watertableat10cm below surface

controlling(a,c)andgassampling(b)

Fig.2 CO2 emissionsfrom incubationsoilsin
differentnitrogenadditiontreatments

atdifferentwatertablecontrols
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composedbyplantrootsautotrophyrespirationand mi-
crobialheterotrophic respiration. Autotrophy respira-
tionism ainlyusedtomaintaintheenergyconsumedby
plantforgrowth. So, soilrespiration isrelated to the
plantproduction to acertain extent.However,thedata
from our study showed that the plant aboveground
biomasswasnotsignificantly differentam ong different
watertablecontrols(Fig.4),which seem ed to indicate
m icroorganism playedamainroleonCO2from incubat-
edsoilresponding to watertablechanges.Thatis,CO2

production in aerobic condition was higher than in
anaerobiccondition. Thiswasconfirm ed bydatafrom
form erresearchesboth in incubation and in the field.
BLODAU C (2002)sum marized datafrom incubations
andpresentedthattheratiosofcarbonm ineralizationin
aerobicconditionandinanaerobicconditionwere1.2!
6.0.M OORE and DALVA (1997) found thataerobic
production ofCO2 ofincubated peatwas1.5 tim esas
high asanaerobicproduction. CHIM NER and COOP-
ER (2003)found in field microcosm sthatmeanCO2 e-
m issions were lowestatthe highestwatertables(+6to
+10cm above the soil surface), averaging 133.8
m gCO2-C/(m 2!h), increased to 231.3mgCO2-C/(m 2!
h) whenthewatertablewas+1to+5cm abovethesoil
surface and doubled to 453.7mgCO2-C/(m 2!h),when
thewatertablewas0!5cm below thesoilsurface.Anex-
planationforthiswasthathighwatertableandsaturated
soillimitedthediffusionofatm osphericoxygenintothe
wetlandsoil,consequently,lim itedthemicrobialactivity
andorganicm atterdecomposition.Conversely,awater
tabledeclineincreasedoxygendiffusionintosoilsallow-
ing aerobic decomposition (CLYM O,1983) and also
CO2 transportation from soilsto atmosphere wasmore

Table1M eansofCO2 emissionratesinalltreatmentsandchangesfrom nonitrogenaddition(0N)treatment

Treatment

W ater

table

Nitrogen

addition

Sample Rangeofvalues

(mg/(m 2!h))
M ean"SD
(mg/(m 2!h))

Relativechangesfrom

0N treatment(% )

!

"

#

$

0N

1N

2N

0N

1N

2N

0N

1N

2N

0N

1N

2N

9

8

9

8

9

9

9

9

9

9

9

9

127.36!580.46
217.69!971.69
110.56!821.45
30.39!554.53
290.00!2235.06
110.45!2764.33
68.19!620.83
64.13!1161.36
27.58!927.61
22.22!902.86
38.47!1966.98
88.86!899.24

306.70"131.99
532.59"271.83
439.86"227.40
202.66"197.05
1009.97"656.87
759.06"816.59
196.68"167.91
418.92"360.29
210.12"274.48
307.89"265.27
652.93"655.16
348.27"267.71

0

+73.65

+43.42

0

+398.36

+274.55

0

+112.99

+6.83

0

+112.07

+13.12

Nate:’+’meanstherateofCO2emissionrelativelyincreasescomparedto0N treatment

Fig.3BoxplotsofCO2emissionratesat
differentwatertablepositionsand

innitrogenadditiontreatments

Fig.4Abovegroundbiomassindifferent
nitrogenadditiontreatmentsat

differentwatertablecontrols
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effective(M OORE andDALVA,1993b).
However, som estudiesfound thatCO2 emission at

low watertabledidnotexceedtheemissionathighwa-
tertable (CHIM NER, 2004; AERTS andLUDW IG,
1997; HOGG, 1993). Forexample, AERTS 7 and
LUDW IG (1997) found thattheCO2 production was
similarin aerobicand anaerobicconditions, and even
CO2 em ission from mesotrophic peatwith 10cm water
table below the soil surface was lower than from
m esotrophicpeatwithwatertableatthesoilsurface. A
possibleexplanationreportedbyAERTS andLUDW IG
(1997) wasthatloweringthewatertablemightexpose
peatlayersthatwere notvery readily decom posed and
would,thus,contributelittletoCO2emission.
W hen thewatertablefluctuated between 5cm below

and 5cm abovethesoilsurfaceatweekly intervals, it
wasalso found low CO2 em ission athigh watertables
andhighCO2emissionatlow watertables(Fig.2!)as
observed in otherstudies(FUNK 34 15.,1994;AERTS
and LUDW IG,1997).Furtherm ore,the CO2 em ission
of¢ô , similarto theem issionof¢æ, was52% higher
thanthatof¢ò and57% higherthanthatof¢ó , respec-
tively(Fig.3).Theresultssuggested thatfluctuation of
watertable contributed to the increased CO2 em ission
from wetland soil. Itisconfirmed by datafrom BLO-
DAU C and M OORE T R (2003a;2003b),who found
thatafterwatertable changed netCO2 production in-
creasedto140nmol/(cm 2!d)intheincubationcondition
and CO2 em ission from peatimm ediately reached to
thebiggestvalues(100!300nm ol/(cm 3!d)in thefield.
AERTS and LUDW IG (1997)also found thattheac-
cumulative m ineralizationof carbon increased 1.5!3
tim esbecauseofthechangeofwatertable.CLEIN and
SCHIM EL (1994) explained thatthe increased CO2 e-
m issionwasduetonotonlytheincreaseofaerobicpro-
duction ofCO2, butalso thepulsed increaseofcarbon
m ineralizationcausedbythewaterdisturbance.

!"# $%%&’( )% *+(,)-&. /00+(+). ). (1& 234 $5+66+).
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Afternitrogen addition thepattern ofCO2 em issionsin
control" wassimilarto no nitrogen addition, with
higherem ission in Augustand lowerem ission in July
and Septem ber(Fig.2¢ò ).However,itchanged in con-
trols#,¢ó and¢ô withasuddenhigherem issioninthe
m edialandlateJuly(Fig.2¢æ, ¢ó , ¢ô ).Onresponses
ofsoilrespirationtonitrogenaddition,whatmanystud-
iestrendedtowasthelimitedorlittleeffectsofnitrogen
additiononsoilrespiration(SAM UELSON 34 15.,2004;
KELLER 34 15., 2005). However, inthestudyitwas
found thatnitrogen addition stimulated the CO2 em is-

sionfrom theincubatedsoils(Fig.2,Fig.3).Afternitro-
genaddition,CO2em issions increased 74% !398% and
7% !275% in 1N and 2N treatm ents, respectively
(Table1).
Positive evidences have been given by som e re-

searchersthattherateofsoilrespiration wascorrelated
toplantbiomass(PANGLE and SEILER,2002;BOW -
DEN 34 15., 2004). Inthestudyitwasfoundthatplant
aboveground biom ass increased significantly after1N
or2N addition(8<0.05)(Fig.4).Furtherm ore,asignifi-
cantpositivelinearcorrelation(8<0.05)wasalsofound
between the rate ofsoilrespiration and plantbiom ass
(Fig.5).Therefore,thestimulationofnitrogenaddition
on soilrespiration m ightbe derived from botanic and
m icrobialresponsestonutritiousam elioration.First,in-
creaseofrootrespiration asaresultofbiom assenhanc-
ing contributed theamountofCO2 from thesoil. Sec-
ond, ashort-term nitrogenadditionm ightstim ulatethe
activityofmicroorganism , whichleadtothequick de-
com position ofrootexudatesand readily decomposed
organiclayerinthetopofsoilmonoliths.
Comparedwith1N treatm ent,2N treatmentledtothe

decreasedCO2emissionof17% !50% . Ourresultsalso
showedthatplantabovegroundbiomasswasnotsignifi-
cantly differentbetween in1N and 2N treatm ents(8<
0.05)(Fig.5).Thisindicated thatcarbon allocation to
rootswerenotdifferentin two treatm ents, which sug-
gested thatroots respiration in 2N treatm ents did not
contributemorethanthatin1N treatm ents.Thedecline
afterlargernitrogen addition mightbe due to the au-
totrophicrespiration ofplantrootsand thenitrogen as-
sim ilation in soil, becauseitisconfirm ed thatalarge
fractionofrootrespirationwasallocatedtonitrogen as-
sim ilation(BLOOM 34 15.,1992),butwithlargerdoses
ofnitrogenreadilyavailableforuptake, energeticcosts
ofnitrogen assim ilation m ightbe reduced (BOW DEN !
34 15.,2004).On the otherhand,FREY 34 15.(2004)
found in thelaboratory incubation ofroot-freesoilthat
heterotrophicrespirationfrom them icrobialcom munity
infertilizedplotswasreduced. Theyobservedthatac-
tivefungalbiomasswaslowerinfertilized plotsthanin
controland also detected a significantreduction in the
activityoftheenzym ephenoloxidase.Although botan-
icand microbialfactorscaused to thereduction ofCO2

em issionfrom soil, itisstillnotclearthatwhichfactor
wasgreaterforwetlandsoilrespondingtoalargernitro-
genaddition.
Dissimilarto whatwas found in no nitrogen treat-

m ent, innitrogenadditiontreatm entsthepatternofthe
response ofCO2emissionsto the watertable positions
changed, especiallytheCO2em issionsfrom $ control,

!""
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which increased to the highestem issions ofallcon-
trols !!<0.05) (Fig.2¢ò ;Fig.3) averaging 1009.97
m g/(m 2

¡⁄h)and 759.06mg/(m 2
¡⁄h)in 1N and 2N treat-

m ents,respectively(Fig.2).Thisshowedthatthestim -
ulation ofnitrogen addition to the CO2 emission was
greatestwhen the watertable was atthe soilsurface.
Theleaststimulationwerefoundin control¢ó withthe
ratesofCO2 emission averaging 418.92m g/(m 2

¡⁄h)and
210.12 mg/(m 2

¡⁄h),respectively.Additionally,the in-
creaseofCO2 emissionsathigh and fluctuantwaterta-
blesexceededtheincreaseatlow watertables (Fig. 2
¢ô ). Theresultsuggested thatnutritiousstatusin soil
m ightbean im portantregulatorfortheeffectsofwater
tableontheCO2em issionfrom wetlandsoil.

! "#$"%&’(#$’

Theeffectsofwatertableand nitrogen addition on the
CO2emissionhavebeenstudiedintheincubation. Our
experim entfound thattheCO2 em issionsfrom thewet-
land soilshavevaried becauseofwatertableand nitro-
genadditionchanged. CO2 emissionswerehighatlow
watertablesandlow athighwatertables,andratesafter
nitrogen addition weremarkedly increased atthewater
table atthe soilsurface. W hen the watertable was
changedinallcontrols,low CO2em issionswereathigh
watertables and high CO2 em issions atlow waterta-
bles. Nitrogen addition stim ulated the CO2 em ission
from thewetlandsoil,butthedoublenitrogentreatment
contributed a decline to the CO2 emission com pared
withthesinglenitrogentreatm ent. Asclimatechanges
areconcernedincreasingly, itiscrucialtoquantifyand
predictfuture patternsofresponsesofcarbon cycle in
wetland to clim atechangeswhich influencecarbon cy-
clesignificantly.
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