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AtmosphericC02EnrichmentofPotatointheSubarctic:
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TheeffectofincreasingatmosphericC02concentrationonfinerootdistributionofpotatoes 
andassociatedsoilbiologyactivityundersubarcticconditionshasnotbeenstudied.Rotatoes 

(SlnmtbrsmL) eerw noe o il hmbratre 0 ocnrtosaoau ueou .wrgoni pntpfedca estheC 2cnetain[m­
-1C -1Cbient(A);A+ 175,molmol 02(A+ 175);A+ 350,molmol 02(A+ 350)]andinambi­

enC 2pos ihn hmbr(N )na aaaslla nnai omymie eglct0 ltwt oca esA C o Tnn itom(o­cdla 1 xdRrei

Cryaquept)atFairbanks1AKin1994.Soilcorestoadepthof60cmweretakenat01191and38 
cmpredclrorwcne;oovrals eeacrandafu1 mdphice nsepniuat o etrr taibewr setie tor5c et nrmet. 
Soilcorestoadepthof15cmwerealsocollectedtoassesssoilbiology(dehydrogenaseactivity1 
ne tdsadsimiratrpd) lvtdC 2ddntnac oodniis(..btmaoe1n ol corhoos.Eeae 0 i oehner teste ie1oh 
lengthandmass)atanydepthorrowposition;therewasnosignificantC02X depth1C0X pos­2

ito1r 0 etX psto neatosomesrdrovrals infcndph oinoC X dph oiinitrcinfr aue otaibe.SgiiatetX p­2

sitioninteractionswerenoted.Ingeneral1ahigherproportionofthepotatorootsystemgrew 
clsroterwcne(oteghadmssae) sntbyatteupr ssidph.oet h o etrrolnt n a bssmotoal h pemotolets

ElevatedC02hadnoimpactonthesoilbiologyparametersevaluatedinthisstudy.0urfieldre­

sutsgethtnrae t shrcC 2cnetainddntleblwrudrsosslsugstaicesdamopei 0 ocnrto i oatreogon epne

inpotatoundersubarcticconditionsofAlaska. 

Keywords Alaska1risingC01rootlengthdensity1rootmassdensity1Solanumtuberosum2

INTR0DUCTI0N 

Theextentofthepredictedalterationinclimaticconditionsattributedtotheincreaseinatmos­

phrcgeehuegssuhaC 2adtesbeuni atntrrsraeoytmse isei rnos aesc s 0 n h usqetmpco eetilcsse rman

cotoesa.Hwvrsne 0 s pi r nufrrpgot1tsmpratodtr nnrvril oee1icC 2iarmayiptoco rwhiii otnt eemie 
ifthestructureandfunctionofmanagedagriculturalsystemswillbeimpactedbytheriseinatmos­

phericC0.2
DirectabovegroundplantresponsestoenhancedatmosphericC02havebeendocumented. 

Researchhasdemonstratedclearplantresponses1includingincreasedgrowthandyield(Kimball1 
1931nrae aeueeiiny(mto1951nrae htsnhtccpct Lwo8)icesdwtrs ffcec A hr19)icesdpooytei aaiy(alr 
an thll19)adcagsi lnsrcue(rthr tl1 9adtssece srdMice1911n hne npattutr Ricadea.199)n iu hmity 
(Lnolneal.199)ic t 1 3. 
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EffectsofC02onbelowgroundprocesses(includingsoilorganisms)havereceivedfarlessat 

tention.ReviewsindicatethatC02enhancementofrootdryweighthasbeenfrequentlyobserved 
an fe h agspooto fheta hlpatimasss oae eogon Rgrdotntelretrprinotexrwoelnbo iallctdblwrud(oes 
etal.19994W9996).EarlyC02 studiesconductedundercontrolledenvironmentalconditionswith 
cotieie ytmshv e ntae 0 idcdroicess(..massadolnt)nnanrzdsse aedmosrtdC 2 nue otnrae ie1 n/reghi

th pe oldph De atll ta.98WCaduie l190 ra l oldpheuprsi ets( lCsioe l199 huhr ta.99)o talsi ets 
(Caduie l196Rgr tl1992.Ho vrsnetegot odtoso hshuhr ta.98W oesea. 9) wee1ic h rwhcniin ftee 
sytms(..cnie tn ou )r orfetv fgiutrlilsSoiea.98Wse sie1ofndrooigvlmeaentelcieoarcluafed(inttl194

ThmaadSri1991 rc et othvfcsdo odcigi rudC 2suiso sn tan99)moeurrneffrsaeoue ncnutn ngon 0 tde

utilizingopentopchambers(0TC)andfree airC02enrichment(FACE)systems.Thesefieldstud 

ie aeso ht02ercmeta nraebo Ki alltl1971lepat tshv hwntaC nih ncnices imass( mb ea.99)atrlnroo

morhlg Rirtl1995adte tytmscpct oepoeolou hog hfspooy(roea. 9)n hroosse saaiyt xlrsivlmetruhsit

infn otitiuinp en(roea.99W shugea. 9) olraimscanierodsrbto attrsRirtl194Wecsn tl1999.Siogns

bebeneficialorpathogenicandareresponsibleforthedecompositionoforganicmatterandsoilC 
strg.Whl h etoeeae 0 ncmmuiycmpsto n ciiyosiognoae ieteeffcsflvtdC 2o o nt o oiinadatvt folra 

ismsremainunderstudied1theseaspectsofbelowgroundbiologyhavebeguntoreceiveincreased 
atteto R esnea.999Wao k n cotmee197.Ho vrsuist aenin(attro tl1 7SdwsyadShre yr99) wee1tde odt

haesonvralrsossRcea. 9Wuinea. 9Wa tl100.Teer v hw aibeepne(ietl1994Rno tl1994akea.20) hs e

sultsdemonstratetheimportanceofconductingfieldexperimentsandtheneedforfurtherstudies 
thatreflectactualmanagementpracticesthatencompasstheabioticandbioticconditionsfoundin 
fil niomets.edevrn n

Te eaueia mpratatrhta nlec lnrsos oC .Lalvlh mprtr sni otnfcotacnifunepatepnet 0 efeepo2

tosynthesisistemperaturedependent(RearcyandBjorkman1998))largelyduetothetemperature 
deednseiiiyorbsofr0 Jra n rn98) tog e tdehv npnetpcfct fuic oC 2(odnad0ge194.Alhuhfwsuisaei 

vetgtdteitrcieeffcso e eaueadC 21teei o vdneta raesiae h neatv et ftmprtr n 0 hr ssmeeiec htgetr 
growthstimulationcanoccurathighervslowertemperaturesunderelevatedC02conditions(Cure1 
8) oe . 8)r e t v dC u c s py d o 5CC995.dds tal(997 eportdthaeleate 02colddereaecro ielsbelw98. . 
Howee1 eeteiw(0 xei nsidctsocer 0 epnep enalwtm vrarcnrve 96eprmet)niaen laC 2rsos attr to e

peraturessincesomespeciesrespondedtoincreasedC02attemperaturesbelow98CCwhileothers 
didnot(MorisonandLawlor19999).Thesefindingssupportthecontentionthatplantsgrowingin 
diprt e eauergme yhv dl ieetepne oeeae 0 Drk nsaaetmprtr ei sma aewieydffrnrsosst lvtdC 2( aead 
Leadley19999). 

Th oao(oau ueou .swelldpe otecogo n esnadlneeptt SlnmtbrsmL)i aatdt h olrwigsao n ogr 
da eghoAlsaaditemseoo c yi otnfedco rw hr Bn tl1ylntsf ak n sh otcnmiall mpratil rpgontee(ezea.

2002).Rotatoeshavealargecarbohydratesinkintheformoftubersandexhibitapoplasticphloem 
loadingofsucrosewhichpredisposesthespeciestolargeincreasesinyieldwithelevatedC02 

(Milettea. 9We e r nea.20) xei nsefr di ohgo hcagiatl1998D Tmmema tl102.Eprmetprome nbt rwt hm 

besSutt tl1996Wheeeea.99)n nteil Milettea.99Wrio tl1r(t eea. 9W lrtl199adi hfed( giatl198Cagnea.

2002WConnandCochran12005)haveshownthatpotatotuberyieldsgenerallyincreasewithele 

vae 0 wee1hr r odcmetdsuisnhweeae 0 llmpcfn ttdC .Ho vrteeaen ou ne tdeo o lvtdC 2wii atieroo

distributionorsoilbiologyresponsesathigherlatitudescharacterizedbylowertemperaturesand 
longerday lengths. 

0urbetv st netgt h etoicesn t shrcC 2cnetaino

2

ojciewa oivsiaeteeffcsfnraigamopei 0 ocnrto n 
finerootdistributionofpotatoesandassociatedsoilbiologyactivityundersubarcticconditionsof 
longdaysandcooltemperaturestypicalofsummerfieldconditionsinFairbanks1Alaska(latitude 
644" .Ti einrpeeth otenlmiocmmecaarcluei rhAmeia'9N) hsrgo ersnstenrhr i tfo rilgiutr nNot rc. 
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MATERnALSANDMETH0DS 

TheexperimentwasconductedattheUniversityofAlaskaAgricultureandForestry 
ExperimentStationinFairbanksAAK(latitude64449NAlongitude14752WAelevation145m).W 4 W
Thmenanatmprtri-35Cadte a nulrcptto s8m. hsiwse a nule eaues .C n hmenanapeiiaini2c Teola

aa i o o- dla A x r i y e wt p f. n . g caTnnasltlam(nnaci omymiedVegelcCrauupt) ihaHo57ad47%orani

mattre. 
Voaos eerw noe o il hmbr(oestlA93adffrnamopeittewrgoni pntpfedca esRgrea.18)tieett shrc 

C02concentrationsandinopenplots(nochambers)underambientatmosphericconditionsutilizing 
arandomizedcompleteblockdesignwithfourreplicationsoffourC02treatments.Thedetailsof 
thC 2epsrsse adeprmetleu aeee rvosydsrbdfrhstd iee 0 xoueytmsn xei nastphvb npeiul ecie otisuyst

(ConnandCochranA2005).Theopentopfieldchamberswereconstructedofastructuralalumi-

nu rme3mi imeeb .- nhih)uipdwt rsu (.- iada trmfa (- nda try24mi egteupe ihfutms22mfnlimee

opnn)n oee ihaVV impnl8 l.Cro ixdwsupidt lvtdC 2eigadcvrdwt Cfl ae(mi) abndoie asple oeeae 0
-1chmbr(4hdy fo 2.merco iudC 2rcietruhaihvlmeipniga es2 a )rma36 titnlui 0 eevrhog hg ou dsesn

manifoldandtheatmosphericC02concentrationwaselevatedbycontinuousinjectionofC02into 
plnmbxs iwsitoue noec hmbrhog h oo affahca eeu oe.Ar a nrdcdit ahca etruhtebttmhloec hmbr 

h - L s r a i 5 i e oscoverwichwasdoublewalledtheinidewallwaspefortedwth2.-cmdametrholest erve 
asutt itiuearnfr yit h hmbr abndoiecnetainwr oidcsodsrbt iuioml noteca e.Cro ixd ocnrtos eemn-

toe sn tmesae aiodwt a lsrw hog oeodt nifae 0Hrduigai -hrdmnfl ihsmpedantruhslnisoa nrrdC 1202

anlzr( dl i66L nC R cAiclA E,.Saoadyi C 2men±1Saye MoeL-22L-0 Ann.LnonN ) esnlatme 0 as D 
-1C -1Cwee38 5 momo 0 a inpos ihn hmbrLN )39 5 momo 0r:6±2. l l 2(mbetltwt oca esA CA6±2. l l 2 

-1 C -1 C(a in hmbr ) 4± 2. lml 2 (+15 n 0± 5. lml 2mbetca eLAA53 5 mo o 0 A 7)ad77 1 mo o 0

(A+350). 
TheexperimentalareaAwhichhadbeenfallowthepreviousyearAwasdiskedtwicepriorto 

plnigShpdpoaosMa 919)sn snlrwptt lnetaas addfratn Seoyptte( y1A94uigaigeo oaopatrhtlobne e-
-1N -1V -1Ktilizer(290kgha A63kgha A122kgha )withthepotatoseedpieces.Seedpieceswere 

plne 8c pri osht eesae 6c pr.M tiui 4a n--11dmehlatd2 maatnrw tawr pcd7 maat erbzn[-mio6(A-i ty) 
-1o3-mehltlho-AA-rai-(H-n] abodatple t.3k a ue ocn( tyehti)124tizn54)oewsracsapida11 gh nJn2t o-

trl d.Suypos eemanandudr e-aee odtosymntrn ol i-owees td ltwr itie newllwtrdcniinb oioigsimos

turewithtensiometersandusingadriptubeirrigationsystemasdescribedelsewhere(Connand 
CochranA2005).ChamberinstallationoccurredonJune10asplantsemergedanddispensingof 
C02beganonJune11. 
Soilcores(38mmdiameter)measuring60cminlengthwerecollectedtodetermineroot 

lengthandmassdensityonJuly27A1994.Soilcoresweretakenin-row(0m)andatdistancesof 
0.9ad03mpredclroterw 12sicrs eetknrpeetn oroepr1 n .8 epniuat h oL9 oloewr aeAersnigfucrse

poiinwti ahpo.Vemaihmmesodiigseecrtbslndwt ti aesto ihnec lt nu tca rfrrvn tloeue(ie ihahnwlld 
butyratetube)andelectriccoretubeextractiondeviceswereusedtocollectroot-soilcores(Vrior 
an oes199) oloewti h lsi uelnr(hc eecppdwr akdidRgrA 2.Sicrs ihntepatctb ieswihwr a e) eepce n 
iceandtransportedbyairtotheNationalSoilDynamicsLaboratory(NSDL)AAuburnAALAwhere 
theywereplacedincoldstorageuntilprocessing.Ahand-heldelectricbandsawwasusedtocut 
eah6 mcr nofu1c emet.Roswr ahdfo ahcr emet ihac 0c oeit or5msg ns ot eewse rmec oesg nwt

u t l io t i o e i n . n A khydropnemaiceutratinsysem(GllisnpsVarityFabrcatioAnncABezoniaMnLSmuceret 
alA92adsoe n2%ehnlBh 17)tCC feogncersa ee e vd.18)n trdi 0 tao(omA99a4 .Atrraidbihdb nrmoe

wiht zr n piglae uto ieeAoteghwsmaue iha o iRot weeesadsrn-oddscinppttsrolnt a esrdwt Cmar ot 

, Tradenamesandproductsarementionedsolelyforinformation.NoendorsementbytheUSDAis 
impidle
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LengthScanner(HawkerdeHavillandwCictoriawAustralia) Rootmassdeterminationsweremade 
afterdryingsamplesat55CC 

Ana iinleotrecrsprlt eetknfo ietybsd adml eetdddtoastfhe oe epowr ae rmdrcl eierno yslce

plnsosibooyaemet hsmetloeue(secie bvwt ieswratfrolilg ssss n Tea seecrtbsadsrbdaoe ihlnr) ee 
drivenbelowa15cmdepthwithasleevemtypepostdriverandmanuallyextracted(Vriorand 
Roes19) hs a ls eeas akdi c n rnpre yaroteND  grw94 Teesmpewr lopce nieadtasotdb it h SL

NematodeswereextractedfromrootmzonesoilusingthemethodsdescribedbyRodriguezm 
LKabanaandVope(1981) Rootmzonesoil(100cm)wasspreadontotissuepaperonasieveconm 

stutdfo 5c imeeVCppscinad1mmm s iega srn hsee ihrce rm1 mda trC ieetosn m mehfbrlsscee Teivwt

thsiwslcdi 2LL lsibwcnann  seie aes sojscvrhsi eolapae na patcolotiig1LLtrlwtroat utoeteol

Thesoilwasincubatedatroomtemperature(25C-27CC)for72h Thebowlcontentswerepassed 
thog 20 msane seesee(ormoedbi)tce na8 msane seeseeruha5u tilsstliv t e v erssakdo Lu tilsstliv

(t rptee tds Nmaoertie eernfrrdt cutn ihadteru esota hnmaoe) e tdseandwrtasee oaonigds n hinmbr

determinedbydirectcountingwithadissectingmicroscope 

Fo h olmcorhoo ssss nwsi a xrce o eaieppltosortesi iratrpdaemet olwsetatdfrrltv ouain f 
Coe oaadAaiya oiidvrinoteTllrnsse secie yWignadllmbl n crb mdfe eso fh uge ytmadsrbdb gisn

Curl(1979) Soilsamplesinlargefunnelswwithstemspositionedoverwaterinacollectingtubew 
weeaagdi eisne4m ihbls h nmasmirtn navneotesolr rrne nsreudr0Wlgtub Teai lw gaigi dac fh lwy 
dryingsoil(5-7days)werecollectedlive Vopulationswereexpressedasnumbersperkgofairm 
dre oilids  

Le g ss r s t d i v o iForthedhydroenaseaaywootandoherebrswereremoedfrmaporton(200cm) 
ofhromoeol hsiwshnpssdtruha mmehsane seeseeni1-teotznsi Teolate ae hog 2m m s tilsstlivutl0

20g fivdsiwsoetd eyrgns ciiywwihiarlal ne f coilosee ol acllce Dhdoeaeatvt hc s eibeidxomirba

aciiyi ol(tvnow15) a eemie rm mdfe rcdrsdsrbdbtvt nsi Seesn 99wwsdtr ndfo oiidpoeue ecie y 
Taaaa(92 See ol1)otilct usmpefo ahromoesismpewsbtbi18) ivdsi(gfrrpiaesba lsrmec otzn ola l a

plcd i ettbs(5 mm) oee ih 1 fL qeu wv wwmae n ts ue 1X100 wcvrd wt mL o % auos(/)2L5

trpeyttaoimclrdadsie ihalsso Atrhhicbto 2CCw0m oihnlerzlu hoien trrdwt ga rd fe9 nuain(7 )1 L f 
methanolwasaddedtoeachtesttubeandthesuspensionwasvortexedforL0sec Tubeswerethen 
incubatedfor1htoallowsuspendedsoiltosettle Theresultingsupernatant(5mL)wascarefully 
transferredtocleantesttubesusingVasteurpipets Absorbancewasreadspectrophotometrically 
at8 madfr zncnetainwsacltduigatnadcrerdcdfo nw45n n omaa ocnrto acluae sn sadr uvpoue rmkon 
concentrationsoftriphenylformazan 0nesubsampleofsievedsoil(1g)fromeachrootmzonesoil 
samplewasusedfordeterminationofsoilmoisturesothatformazanconcentrationscouldbeexm 
prssdprrmsidywih ee ega olr egt

AllanalyseswereperformedusingthegenerallinearmodelsprocedureoftheStatistical 
AnalysisSystem(SASw1985) Corepositionanddepthincrementsweretreatedassplitmplottreatm 
mens ihntevrlltd einada vrgoteelctcrsmpewssdfrtmtwti hoeasuydsg n naeaefhrpiaeoea ls aue osa

titclnlss rprrrrems eepcfe otepimltramet otatttmetsiaaaye Voeeotr wrseiidfrhsltpotet n Cnrssae ns 
wereusedtodeterminethesignificancebetweeninteractingmaineffectvariables Differences 
weecniee infcnate<  0lvlr osdrdsgiiatth  01 ee 

RESULTSANDDISCUSSI0N 

Vrvoseerhhse ntae htotrwhuull nraeudrlvtdamomeiursac admosrtdtarogot sayicessneeeae t s

eiC ni n r ea 199;oe tl 94 c n tl 99 s ophrc 02codtios(Viortl w 4Rgrsea w19;Weshsugea w19);thiencmm 
pae idnsfo ohgot hmbrn il tde Hwvri h rsnsuynsssfnig rmbt rwhca eadfedsuis oeewntepeettd o 
significanteffectofC02concentrationwasfoundforeitherrootlengthorrootmassdensityregardm 
lessofpositionordepthincrement(Figs 1and2) InthissamestudywConnandCochran(2005) 
pr r c ni bv on ma ao nwwt c o n c s nao ireotedaedutio naoegrudbio ssllcatio ihaoncmitatinreaei llcaton 

168(22) Enio otoBo vrnCnrlil



BEL0WGR0UNDP0TAT0RESP0NSET0C02 

Fig21 TheeffectofC02 level(ANC= g h c fC 2l l(N =Fi2 Teeffeto 0 eve A C
ambientwithnochamber;A=am­ ambientwithnochamber;A=am­
bin ihca e;A 7=etwt hmbr +95 A bientwithchamber;A+975=A 

 9 C+97, l l 0;A 5  9 C5 momo +302 +975,molmol 02;A+350 
 9 C=A+350,molmol 02)on  9=A+30 momo C 2)o5, l l 0 n 

potatorootlengthdensityatthree potatorootmassdensityatthree 
poiion 0191n 8c wyst s( 9ad3 maa positions(01991and38cmaway 
fromthecroprowcenter)under fromthecroprowcenter)under 
suaci odtosi arak1brtccniin nFibns subarcticconditionsinFairbanks1 
Alaska3Meansandstandarder­ Alaska3Meansandstandarder­
rorsareshown(==4)3 rorsareshown(==4)3 

ue ud v dC s i 5 0 r ei t t ) i ot etotbrs1nereleate 02reultngina599%inceas nroo:shoo(RSratofrheel­

vatedC02treatments3Idsoetal3(9988)1reportedanapproximate36%increaseinRSratiofor 
tubercropsexposedtoelevatedC01whileRSratioofnon­tubercropsshowednoresponsetoC0232

Inaeiwo24dtr ntosf Srtoi rpseisRgrea399)on hthrve f6 eemiainoR ai nco pce1oestl(96fudtate 
highestandmostconsistentRSratioresponsetoelevatedC02occurredintubercrops3Connand 
Cochran(2005)attributedthereductioninabovegroundbiomassallocationinparttothefactthat 
tuesersnatogrikfrabn hyas pcltdtateo vrggoigsabrrpeetsrnesn ocro3Te loseuae hthlwaeaerwn e­

so e eaue(8CC ma aelmie oaorsos oC 3Iilkl hth akoantmprtr 933 ) yhv i tdptt epnet 0 tsieytatelc f2

finerootresponseobservedinthisstudywasalsoduetothesefactors3 
Alhuhtee eeororsossoC 1ei idta1eeaymoefhptttog hrwrn otepnet 0 w ddfn htgnrll1 roteoao2

roosse rwcoet hrwcne(oteghadmssae)atclryatepemottytmge lsroteo etrrolnt n a bsspriual thupr s

solets hltir titiuinpttr so nfr jro rp(roea399;idph3W iehsoodsrbto aenicmmo omaorwcosPirtl194

Weshugea3999)teo ole eauethlwsdphice n(46 ) yhvcs t 1 1 l i mp t a e e e n me 93CCma aen l 9 h ws t r r t o t t r t

contributedtolowerrootgrowth3 
Populationsandactivityofsoilorganismsareknowntobehighlyvariableonbothtemporal 

an ptasae( llm194;h a hlsrei lvtdC 2suisRc tl194dsailclsWou 99)tesmeodtu neeae 0 tde(ieea399; 

Vo341 o3(05 (23)169l 3N3 20) 
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Table1 EffectsofC22level(ANC=ambientwithnochamberMA=ambientwithchamberMA+175= 
 1 C  1 CA+175,molmol 22MA+350=A+350,molmol 22)onsoilbiologyactivity 

(dhdoeaeatvtMe tdsadsimiratrpd)udrsbrtccniin neyrgns ciiynmaoeMn ol corhoos ne uaci odtosi

FarakM lsa hdoeaeatvt n ol corhoos(ollmbl n aiibnsAak.Deyrgns ciiyadsimiratrpd C e oaadAcr) 
ar xr e noe r olbss e tdsaeepessdpr10cm3ardidsi.eepessdo vndysi ai.Nmaoe r xr e e 0 i re ol

Measn tnaderrraehw n ) mbri clmntaaeollwdb ieAnadsadr osrson(=4.Nu esnaou htrf oe ydffr

enlttraesgiiatydffrna eemie ycnrssaemensodceduneteteesr infcnl ieetsdtr ndb otattt tcnut drh

nr i r lp moSS( 05.GeealLneaModesrogra fA P<0.4)

Treatment Dehydrogenase 
Activity 

Saprophagus 
Nematodes Collembola Acari TotalMesofauna 

(,gformazan/g) (#) (#/kg) (#/kg) (#/kg) 

ANC 3.16 0.14a 137.00 10.2a 137.6 62.2a 66.7 6.3a 204.4 61.2a 
A 3.37 0.52a 129.75 1.1a 178.9 51.6a 56.9 20.6a 235.7 40.6a 
A+175 3.25 0.26a 116.00 11.7a 180.2 54.7a 40.2 12.2a 220.4 54.4a 
A+350 3.08 0.11a 123.50 25.0a 328.7 118.8a 38.3 18.4a 367.0 134.6a 

Ruinea.19Ma tlM00.I h rsnsuyteewr oeffcsf 22cneAno tlM94akea.20) ntepeettdMhr een etoC ocn

trto naysiogns aa trxmie Tbe) g aiblt otiue olc faino n olraimprmeeea nd(al1.Hihvraiiycnrbtdt ako

differenceinsoilmesofaunameasurementsMhoweverMnematodeanddehydrogenasemeasurements 
di orfet ihdge fvraiiy h athth il iehdol eetybeedntelcahg ereo aiblt.Tefctatefedst a nyrcnl n 
broughtbackintoagriculturalproductionmayalsohavecontributedtothelackofdifferencesin 
soilorganismassessmentsMthiscontentionissupportedinthatthesoilwasvirtuallydevoidofparaA 
sii e tdsdt oson.Rrashdtesuybee xoe oteC 2tet nsotcnmaoe(aanthw) ehpMa h td nepsdt h 2 rametfr 
tp o gs os a s a r l M s o a y h t omulilegrwin easnMthechngeinplntmophoogyphyiolgyMndphtocemisryfrm 

increasinglevelsofatmosphericC22 (ConnandCochranM2005)mayhavebeenreflectedin 
chnei olraimppltosrciiyagsnsiogns ouainoatvt. 
Inti tdM2 a oaffco t n olraimsi il rw oaosi hhssuyC 2hdn etnroosadsiogns nfedgonptte nte 

subarcticregionofAlaska.Itislikelythatthelowaveragegrowingseasontemperaturemayhave 
li tdteeeogon epnet 2 hseinc etyrpeetteotenlmiomie hsblwrudrsossoC .Tirgo urrnl ersnshnrhr i tf2

co rilgiutri ot meia oeeMlblamigmyetn hrnefrpmmecaarcluenNrhA rc.Hwvrgoawr n a xedteagoco

productionandlengthofgrowingseasonsinthesenorthernregions(Mynenietal.M1997MMenzel 
andFabianM1999).IftemperaturesshouldincreaseinthisregionMtheresponseofcropplants(such 
asoaot iigamopei 2 ol nraecno tnl.ptt)orsn t shrcC 2cudices ocmiaty
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