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摘要:研究了不同氮供应的条件下夜间变暖对荫香叶片光合能力的影响。当植株生长在相同的日间温度(25℃),而夜间温度从

18℃增至 20℃时,叶片的光合速率增高(p<0.05)。高氮供应的植株,夜间变暖下其叶片光合速率较低氮供应的高,氮供应增高

能促进夜间变暖提高叶片光合速率的效应。在低氮供给和夜间变暖下,植株叶片的光下呼吸和暗呼吸的增高显著(p<0.05)。
无论在高氮或低氮供应下,生长在夜间变暖下的植物,其叶片的 Rubisco最大羧化速率(Vcmax)和光合电子传递最大速率(Jmax)
增高(p<0.05),氮供应能增强夜间变暖对 Vcmax和 Jmax的正向效应。夜间变暖降低植株叶片的比叶重,而增加单位叶干重的氮

含量(Nm),单位叶面积的氮含量(Na)没发生明显变化。随着全球气候变化,夜间趋暖将有利于树木叶片光合能力的提高,结合

高氮供给将会明显地增高植物的碳固定。
关键词:荫香;全球变化;氮供应;夜间变暖;光合能力
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Night-timewarmingincreasesphotosyntheticcapacityofsaplingleafofCinna-
momumburmannigrownwithdifferentnitrogensupplies
ZHAOPing,SUNGu-Chou,CAIXi-An,RAOXing-Quan,ZENGXiao-Ping (SouthChinaInstituteofBotany,

CAS,Guangzhou 510650).ActaEcologicaSinica,2005,25(10):2703～2708.

Abstract:A studywasconductedtoexaminetheinfluenceofnight-timewarmingonleafphotosyntheticcapacityof

Cinnamomumburmanniunderdifferentlevelsofnitrogensupply.Whendaytimetemperaturewaskeptat25℃ andthenight-

timetemperatureraisedfrom18to20℃,leafphotosyntheticrateofplantsincreased(p<0.05).Plantsgrowingunderhigh

night-timetemperatureandtreatedwithhighernitrogensupplyhadhigherphotosyntheticratethanthosewithlowernitrogen

supply.Theincrementsoflightanddarkrespirationsinleavesofplantgrowingunderhighernight-timetemperatureand

treatedwithlowernitrogensupplyweresignificant(p<0.05)comparedwiththoseunderlowernight-timetemperature.At

bothlevelsofnitrogensupply,themaximum rateofcarboxylationcatalyzedbyRubisco(Vcmax)andthemaximum rateof

electrontransport(Jmax)ofleafwerestimulatedwhentheplantgrewundernight-timewarming(p<0.05),andnitrogen

intensifiedtheincreasingeffectofnight-timewarmingonVcmaxandJmax.Night-timewarmingreducedspecificleafweight,but

increasedleafnitrogencontentbasedondryweight(Nm),andnosimilarchangesinleafnitrogencontentbasedonleafarea

(Na)werefound.Therein,thefutureglobalclimatechangeandnight-timewarmingwouldbeinfavoroftheenhancementof

leafphotosyntheticcapacityoftheplantsthathavesimilarphysiologicalcharacteristicsinSouthChina,andtheireffecttogether

withhighernitrogensupplywouldsignificantlyincreasecarbonfixation.
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1 Introduction

AstheGlobalClimaticModelproposedbyUnitedNation'sEnvironmentalProgram predicted,theatmosphericCO2

concentrationintheyearof2100willbeashighas540-970µmolmol-1[1].Bytheyearof2100,theairtemperaturewouldrise

rangingfrom1to6℃ indifferentregionsontheearthbecauseofthe"greenhouseeffect"causedbyincreasedatmosphericCO2

duetoever-increasingfossilfuelburning[2].Duringthepast100yearstheairtemperatureinChinahadincreased0.4-0.5℃.

IthasbeenpredictedthattheaveragetemperatureinChinawouldbe1.7℃ higherby2020-2030,and2.2℃ highertill

2050[3].Theimpactofglobalwarmingonplantproductivityhasbeenconcernedwidely.Ithasbeenpointedoutthat

temperatureincreaseintheterrestrialenvironmentswillbemoreconsiderableinnight-timethanindaytime[4].Thedaily

minimum airtemperatureonlandhadincreased0.2℃ every10yearsfrom 1950to1993,twiceasdailymaximum air

temperature[1].Night-timewarmingaffectsnotonlynetprimaryproductivityandplantgrowth,butalsospeciesrichness[5,6].

Itmayincreaseutilizationandaccumulationofcarbonandnitrogenatleaflevelofplant,andwouldchangewatercycle[7,8].

However,themechanismofhownight-timewarmingaffectsplantcarbonmetabolismisstillunclear[9].

Willthenight-timewarmingincreaseplantdarkrespirationandtherebyincreasetheexportationandconsumptionof

photosyntheticproductsthroughtheenhanceddarkrespiration?Willsuchnocturnaltemperatureincrementreducefeedback

restrictionondaytimephotosynthesis,whichwillinturnenhancephotosyntheticrate?Toourknowledgetherehasnotbeen

enoughevidenceandinformationconfirmingsuchinfluencesofthenight-timewarmingonphotosynthesis.Studiesonsuch

issueswillhelptoclarifyplantresponsetothenight-timewarminganditsecophysiologicaladaptability.Nitrogenisimportant

forplantphotosynthesis,because75% ofleafnitrogenarefoundinchloroplastsand35% areinvestedintoRubisco[10].Inthis

paperwestudiedtheleafphotosyntheticcapacityofC.burmanniusingfollowingtreatments:highernight-timeair

temperature/unchanged day-time airtemperature, and unchanged night-time air temperature/increased day-time air

temperature;eachtemperaturetreatmentiscombinedwithlowerorhighernitrogenlevel.Thisstudywasdesignedtotestthe

hypothesisthatnitrogensupplyaffectplantresponseanditssensitivitytonight-timewarming.

C.burmanniisatypicaltreespecieswidelyspreadintropicalandsubtropicalmonsoonevergreenbroad-leafforestinSouth

China.Itplaysanimportantroleinmaintainingforestecosystem equilibrium,andisalsoatreespecieswidelyusedfor

ecologicalrestorationofSouthChina'sdegradedecosystems.OurstudiesontheleafphotosyntheticresponseofC.burmannito

night-timewarmingcanprovidescientificbasisofhowtheclimaticwarmingwouldaffectthetropicalandsubtropicalforest.

2 Materialsandmethod

2.1 Plantmaterials

SaplingsofC.burmanniof20～30cm inheightweregrowninpotsfilledwithasoil-sandmixture.Thepotswere

irrigatedwith1/2Hoaglandnutrientsolution.Allpotswereunderregularfieldmanagement.Theplantstobeexaminedwere

dividedintotwogroupswithdifferentnitrogensupplies:byirrigatingwithnutritionsolutionscontaining1or4mg

NO3--NL-1.Eachsolutionalsocontained0.1molKH2PO4L-1,1mmolCaCl2L-1,1mmolK2SO4 L-1,0.5mmol

MgSO4L-1,50molKCLL-1andmicroelements.ItspHvaluewaskeptatabout5.5.Theplantswerewateredevery2dwith

200mLnutritionsolution.Temperaturetreatmentsincluded3differentnight/daytemperaturesof(18±0.5)/(25±0.5)℃,

(20±0.4)/(25±0.5)℃,and(20±0.5)/(28±0.4)℃.Eachtreatmentwasmanipulatedwithatemperaturemonitoringunit

thatcouldautomaticallycontrolthetemperatureinsidetheexperimentalchamber.Eachtreatmenthadthreereplicates.The

ambientairtemperatureoutsidethechamberwaskeptwithintherangeof18-22℃ andthelightintensityat800±50µmol

m-2s-1.ThetreatmentsbeganonFebruary2,2003andlastedfor22d.Theirrigationofnutrientsolutionwasstoppedtwo

weeksbeforetemperaturetreatmentwasconducted.

2.2 Measurementandcalculation

Threematuredleavesofplantateachtemperaturetreatmentwereselectedformeasurementofnetphotosyntheticrate

(An,µmolm-2s-1)withaLi-Cor6200PortablePhotosynthesisSystem.Themeasurementwasconductedwithinthetime

periodof10:00-11:00eachmorning,sincetheleafstomataarefullyopenatthattime.Incidentlightfluxwaskeptata

PPFDof800and150µmolm-2s-1.Darkrespirationwasmeasuredbycoveringthechamberwithashadetocreateadark

condition.TheCO2concentrationintheleafchamberwaskeptat(360±5)µlL-1.Thelightrespirationrate(Rd,µmolm-2

s-1)andtheCO2compensationpointintheabsenceofRd(Г*)werecalculatedfromtheinitialslopeofAn-Cicurve[11].Atthe
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sametimeanAn-Cirelationshipcurvewasmeasuredunderahigherlightintensity(PPFD,1100µmolm-2s-1),andtheAn-

PPFDrelationshipcurvewasestablishedunderahigherCO2concentration(600±5)µmolmol-1intheleafchamber[12,13].

BasingontheFarquhar'smodel[14],netphotosyntheticrateistheminimum valueoftwolimitingprocessesof

photosynthesis:

An= 1- Г
*

C[ ]i min(Anc,Anj)- Rd (1)

whereAncandAnjareRubiscoactivityandRuBP-regeneration-limitedcarboxylationraterespectively.WhentheRubisco

activityislimiting,thephotosyntheticrateisgivenasfollows:

Anc= Vcmax×
Ci- Г*

Ci+ Kc(1+ O/Ko)- Rd (2)

whereVcmaxisthemaximumRubiscocarboxylationrate,OistheO2concentrationonthesiteofcarboxylation.KcandKoare

Michaeli'sconstantsforCO2carboxylation/oxidationrespectively[15].

WhentherateofRuBPregenerationislimiting,thephotosyntheticrateis:

Anj=
JCi

4Ci+ 2Г*
- Rd (3)

QJ2- (PPEDa+ Jmax)J+ PPFDa× Jmax= 0 (4)

PPFDa= PPFD(1- f)/2 (5)

whereJisthephotosyntheticelectrontransferrateatanygivenlightintensity,andJmaxisitsmaximum value,Qisthe

curvatureoftheresponsecurveofJversusPPFD.fisthecalibrationfactoroflightspectrum(0.15)[11],andPPFDaisthe

activeabsorptionofradiationbyPSII[13,16].

2.3 Othermeasurements

Aftereachmeasurementofgasexchange,freshleaveswerecutoffandtheleafareawasmeasuredusingaLi-Cor3000

LeafAreaMeter.Partofthem wasgroundtogetherwithquartzsandsandextractedwith80% acetonesolution.Leaf

chlorophyllcontentwasthendeterminedwithCambds25Ultra-violetVisibleLightSpectrometerusingtheextractafterbeing

centrifugedatspeedof3000×g.Partofthemwasdriedtoconstantweightinanovenforthecalculationofspecificleafweight

(LMA,gm-2).TheleafNcontentsweredeterminedusingPerkinElmer24CHNS/OElementAnalyzer.

2.4 Statisticalanalysis

Varianceanalysiswasperformedtotesttheinfluenceoftemperaturechangeonphotosyntheticparameters.The

differenceswithp<0.05wereconsideredassignificantlydifferent.

3 Results

3.1 Influencesofnight-timewarmingonleafphotosynthesisparametersofC.burmanniwithdifferentnitrogensupplies

Table1showsthatthelight-saturatedphotosyntheticrateofplantsgrownatthenight/daytemperatureof20/25℃ and

suppliedwithhighernitrogenwas(5.56±0.78)µmolm-2s-1,andthatofthosegrownat18/25℃ was(5.34±1.02)

µmolm-2s-1.Similarresultswerealsoobtainedwhenlowernitrogenwassupplied,andtheformerwashigherthanthelatter

toahigherdegree.Withanight-timetemperatureofeither18or20℃,thephotosyntheticrateofplantwithhighernitrogen

supplywashigherthanthatwithlowernitrogensupply,indicatingthathighnitrogenbefavorabletotheincreasein

photosyntheticratebyincreasingleafnitrogencontent.Withhighernitrogensupply,increasednight-timetemperatureaffected

thelightrespiration(Rd)anddarkrespiration(Rn)ofplant,thoughthedifferencedidnotreachthesignificantlevelofp=

0.05.However,undernight-timewarming,leaflightrespirationanddarkrespirationinplantswithlowernitrogensupply

werestimulatedandreachedasignificantlevel(p<0.05).Whenhighernitrogenwassupplied,theCO2compensationpointin

theabsenceofRd(Г*)washigher(p<0.05).Night-timewarmingdidnothavesignificanteffectonГ* ofplantswithlower

nitrogensupply.

Plantsgrownunderaregimeof20/25℃ andsuppliedwithhighernitrogenhadhigherVcmaxthanthosegrownunder

18/25℃ (p<0.05).Grownatthesamedaytimetemperature,Vcmaxofplantssuppliedwithlowernitrogenincreased21.7%

whennight-timetemperatureincreasedfrom18to20℃,andthoseofplantssuppliedwithhighernitrogenincreased35.3%.It

meantthatnitrogensupplyintensifiedtheeffectofnight-timewarmingonVcmax.Atbothlevelsofnitrogensupply,higheror
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lower,night-timewarmingincreasedleafJmax.Intheconditionofnight/daytemperatureof20/25℃,plantstreatedwith

highernitrogensupplyhadaJmaxof(33.85±3.21)µmolm-2s-1,andthosegrownatthenight/daytemperatureof18/25℃

hadaJmaxof(25.94±2.70)µmolm-2s-1.Whentreatedwithlowernitrogensupply,Jmaxwere(25.48±2.10)µmolm-2s-1

and(20.10±1.32)µmolm-2s-1respectively.Therefore,undertheconditionofhighernitrogensupplytheimpactofnight-

timewarmingonJmaxishigherthanonthatofthoseplantstreatedwithlowernitrogensupply.

Table1 Theimpactsofnight/daywarmingonphotosyntheticparametersinleavesofC.burmannigrownwithdifferentnitrogensupplies

Parameter Treatment
Night/daytemperature(℃)

18/25 20/25 20/28
Probability

Anmax((molm-2s-1) HN 5.34(1.02)a 6.56(0.78)b 6.67(0.89)b <0.05
LN 4.32(0.76)a 5.40(0.82)b 5.38(1.71)b <0.05

Rd(µmolm-2s-1) HN -0.64(0.05)a -0.68(0.08)a -0.71(0.21)a NS
LN -0.48(0.03)a -0.58(0.13)b -0.62(0.12)b <0.05

Rn(µmolm-2s-1) HN -1.28(0.12)a -1.36(0.76)a -1.42(0.92)a NS
LN -0.96(0.09)a -1.16(0.11)b -1.24(0.23)b <0.025

Г*(µmolm-2s-1) HN 31.50(3.45)a 34.10(20.20)b 32.5(2.56)a <0.05
LN 29.80(2.42)a 31.50(1.09)a 30.30(3.21)a NS

Vcmax(µmolm-2s-1) HN 17.65(3.28)a 23.88(2.73)b 21.81(1.89)c <0.025
LN 13.65(1.27)a 16.62(3.32)b 15.98(2.86)b <0.01

Jmax(µmolm-2s-1) HN 25.94(2.70)a 33.85(3.21)b 32.03(1.78)c <0.05
LN 20.10(1.32)a 25.48(2.10)b 25.31(2.52)b <0.05

Rd,lightrespiration;Rn,darkrespiration;Г*,theCO2compensationintheabsenceofRd;Vcmax,themaximum rateofRubisco

carboxylation;Jmax,themaximumrateofelectrontransport;Anmax,themaximumrateofnetphotosynthesis.;HN,highernitrogensupply;LN,

lowernitrogensupply;Valuesinarowfollowedbydifferentlettersarestatisticallydifferentatp<0.05,usingleastsignificantdifferencetestof

treatmentmeans.

Itcanbeseenfrom table2thatplantsgrownundernight/daytemperatureof18/25℃ hadhigherLMA thanunder

20/25℃,withbothhigherandlowernitrogensupply(p<0.025).Night-timewarmingreducedleafLMA.Plantswithhigher

nitrogensupplyhadhigherLMAthanthosesuppliedwithlowernitrogen.Underthehigherandlowernitrogensupplies,

night-timewarmingdidnotsignificantlyaffectleafnitrogencontentcalculatedonleafareabasis(Na),butenhancedleaf

nitrogencontentbasedonleafdryweight(p<0.05).Night-timewarmingreducedchlorophyllcontentperunitofleafarea

(Chla)ofplantssuppliedwithhighernitrogen,butdidnotreducethechlorophyllcontentperunitofleafdryweight

significantly.

Table2 LeafcharacteristicsofC.burmannigrownunderdifferentnitrogensupplies

Parameter Treatment
Night/daytemperature(℃)

18/25 20/25 20/28
Probability

LMA(gm-2) HN 65.71(1.32)a 60.08(12.17)b 60.75(2.65)b <0.025
LN 60.66(2.38)a 51.04(1.86)b 50.74(1.43)b <0.01

Na(gm-2) HN 2.05(0.07)a 2.07(0.32)a 2.16(0.07)a NS
LN 1.36(0.05)a 1.35(0.03)b 1.47(0.01)a NS

Nm(mgg-1) HN 30.4(1.92)a 34.6(2.06)b 35.50(1.78)b <0.01
LN 22.3(2.98)a 28.5(3.85)b 28.90(3.08)b <0.05

Chla(gm-2) HN 0.44(0.02)a 0.40(0.04)b 0.30(0.06)c <0.01
LN 0.18(0.07)a 0.34(0.03)b 0.51(0.05)c <0.05

Chlm(gm-2) HN 10.33(2.62)a 10.11(2.23)a 6.21(1.86)b <0.025
LN 11.49(1.36)a 9.38(2.12)b 12.94(2.51)c <0.01

LMA,leafdryweightperunitleafarea;Na,leafnitrogencontentperunitleafarea;Nm,leafnitrogencontentperunitleafdryweight;

Chla,chlorophyllcontentperunitonleafarea;Chlm,chlorophyllcontentperunitleafdryweight;NHandLN,sameastable1;Valuesinarow

followedbydifferentlettersaredifferentatthelevelp<0.05

3.2 Effectsofbothnight-timeanddaytimetemperaturechangesontheleafphotosynthesisandleafcharacteristicsof

C.burmannitreatedwithdifferentnitrogensupplies

Table1showsthatthephotosyntheticrateinplantsgrownatnight/daytemperatureof20/28℃ wasslightlyhigherthan
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thosegrownat20/25℃,butdidnotreachtothesignificantlevels.Plantsthathadexperiencednight-timewarming(from18

to20℃)butunchangeddaytimetemperaturehadhigherphotosyntheticratethanthoseplantsthathadexperiencedunchanged

night-timetemperaturebuthigherdaytimetemperature(28℃).Nomatterwhatnitrogenlevelwasprovided,theincreasing

effectofnight-timewarmingonleafphotosyntheticrateofplantwashigherthanthatunderincreaseddaytimetemperature.

Lightrespiration(Rd)anddarkrespiration(Rn)inleafofplantgrownatthenight/daytemperaturesof20/25℃ and20/28℃

wereslightlyhigherthanthoseoftheplantsgrownatthenight/daytemperatureof18/25℃ (p<0.05)whensuppliedwith

highernitrogen.Withlowernitrogensupply,suchincreasewasmoresignificantthanthatwithhighernitrogensupply(p<

0.05),indicatingthatnight-timewarmingenhanceRdandRnofplantswithlowernitrogensupply.Г* waslowerinplantwith

highernitrogensupplyandhigherdaytimetemperature,butwasnotaffectedwithlowernitrogensupply.Nomatterwhatlevel

nitrogenwasprovided,leafVcmaxwaslowerunderhigherdaytimetemperature(from25to28℃)(p<0.01).Whenthenight-

timetemperatureremainedthesame,increaseddaytimetemperaturedidnotcauseanychangeinJmax.

Withdifferentnitrogensupplylevelsinourstudy,increaseddaytimetemperaturedidnotaffectleafLMAofplantswhen

night-timetemperaturewasthesame.Theraisingofnight/daytemperature(from 18to20℃ and25to28℃ respectively)

causedleafLMAtodecrease(p<0.025),butdidnotcausesignificantchangeinNaorNm.Whendaytimetemperaturewas

raisedandnight-timetemperaturewaskeptunchanged(20℃),leafchlorophyllcontent(ChlaorChlm)ofplantswithhigher

nitrogensupplywaslower,buttheywerehigherwhenwithlowernitrogen.Therefore,temperaturechangeaffectedleaf

chlorophyllcontent.

4 Discussion

Itisknownthatphotosyntheticrateislowerwhenplantgrowsatanairtemperaturelowerthanthephotosynthetically

optimumrange,andsometemperatetreespeciesslightlyincreasetheirphotosyntheticratewhendaytimetemperatureexceeds

optimum temperaturerange[8].Turnbulletalhadproventhatraisingnight-timetemperaturecouldraisethedaytime

photosyntheticcapacityofPopulusdeltoidsleaf[9].Inourexperimentalresultsnosignificantchangeinleafphotosyntheticrate

ofC.burmanniwasobservedwhendaytimetemperaturewasraisedonly.Whenthenight-timetemperaturewasraised,theleaf

photosyntheticrateincreasedonthenextday(p<0.05),implyingthatnight-timewarmingstimulateleafphotosynthetic

capacityofC.burmanni.Withinthechangingrangeoftemperature(2-3℃),theeffectonphotosyntheticcapacitybynight-

timewarmingisstrongerthanbydaytimewarming.Turnbulletalhadalsofoundthathigherrateofrespirationatelevated

nocturnaltemperatureresultedindecreaseofleafsugarandstarchconcentrationandtheincreasedphotosyntheticratewas

associatedwithlowercarbohydrateconcentrationfollowingawarmernight-timetemperature[9].Althoughnomeasurementof

leafcarbohydratewasconductedinthisstudy,theresultsshowedthatleafdarkrespirationwasincreasedbynight-time

warming.Becausephotosynthesisisparticularlysensitivetotherateofutilizationandexportofitsproduct,increased

respirationmayhaveaneffectonsubsequentphotosyntheticcapacityinleavesduringthefollowingday.SincetheAnmaxdepends

onthephotosyntheticparameterssuchasГ*,Vcmax,JmaxandRd,theincreasedVcmaxandJmaxaredirectfactorsenhancingthe

leafphotosynthesiscapacity.Farquharetal[15]confirmedthattheimpactsofenvironmentalfactoronleafphotosynthesis

capacitycouldmainlybeseeninthechangesinVcmaxandJmax.NormallytheVcmaxisproportionaltotheactivityandquantityof

Rubisco[14].Withhighernitrogensupply,night-timewarmingfavorsthesynthesisofRubiscoandincreasedregeneration

capacityofRuBP.Grownintheconditionofnight-timewarmingandtreatedwithhighernitrogensupply,plantleafhadhigher

Vcmax andJmax,indicatingthathighernitrogensupplywouldfacilitatestimulationonphotosynthesiscapacity.Itcanbe

concludedthatthereasonofelevatedleafphotosynthesiscapacitybynight-timewarmingbetheincreaseinVcmax.Giventhe

VcmaxandJmaxincreasedathighernighttemperature,weareledtoconcludethattheincreasedAnmaxwassupportedbyan

increaseinRubiscoactivityandRuBPregenerationcapacity.

RodenandBallpointedoutthatincreasedleafphotosyntheticrateofplantwasnotnecessarilyreflectedinitsgrowth[17].

Night-timewarmingdecreasedleafLMAofC.burmanni.AnegativecorrelationbetweenLMAandnitrogeninseedlingsof

Eucalyptusgrandistreatedwithdifferentnitrogensupplieswasfound[18].CellelongationinleafofFlindersiabrayleyana

suppliedwithhighernitrogenwasobservedbyThomapsonetal[19].HighernitrogensupplyincreasedleafareaofC.burmanni

andledtolowerLMA.Underhighernitrogensupply,itwouldalsobepossiblethatRubiscoaccumulatedintheform of

depositedprotein,thustheplanttreatedwithhighernitrogenhadhigherleafnitrogencontent.TheincreaseofAnmaxfrom
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22.8% to25% measuredunderthehighnocturnaltemperaturemighthaveapotentialofsignificantlyaffectingtreecarbon

gain.Asglobalclimatechangeandnight-timewarmingaregoingon,leafphotosyntheticcapacityoftreespecieswould

increase.Obviousimpactoncarbonassimilationofplantwillhappen.Sinceplantcanbeacclimatizedtolong-termwarmingor

cooling,andhashighplasticitytotemperaturechange,theinfluenceofnight-timewarmingonleafphotosyntheticcapacityof

differentplantsisquitedifferent.Therefore,long-termstudieswillberequiredtoestablishpatternofresponseoverseasonal

andannualtimescales.

5 Conclusion

Ourexperimentalresultsindicatethattheincreaseinnight-timetemperaturemayhaveaninfluenceonnetphotosynthetic

ratein plantsduringtheday,implyingthatnocturnaltemperaturebeasignificantenvironmentalfactorregulating

photosyntheticcapacityinplants.AnissuethatarosefromthisstudyistheextenttowhichtheobservedincreaseinVcmaxand

Jmax mightreach.OurresultssuggestthatincreasedAnmax besupportedbyanincreaseinRubiscoactivityandRuBP

regenerationcapacityinplants.Inaddition,anincreaseindarkrespirationoccurredinlower-N plantsimpliesthatan

increasingnocturnaltemperaturebealsolikelytohaveaneffectonphotosyntheticratethroughincreasedrespirationrate.

Thereby,itisworthyofstudyingthepotentialimpactbyincreasednocturnaltemperatureanditsimplicationfortotalcarbon

gainandgrowthratethatwouldonlybeestablishedinthefuturelong-termfieldexperiments.
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