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Guatemala,October25,1999.

JamesReimieBequestFund
ReportofTravel

SalvadorIlernandez
Ph.D.student
InstituteofEcologyandResourceManagement
TheUniversityofEdinburgh

ParticipationintheEuropeanSocietyofAgronomyInternationalSymposiumon
ModellingCroppingSystems.Lleida,Spain,June21-23,1999.

Myaimonattendingtheconferencewastopresentmywork“Carbonand
NitrogenCyclinginaTree-GrassInter-CroppingSystemintheHumidTropics”.I
alsointendedtolearnaboutthecurrentworkbeingdoneinmodellinginagricultureand
tomeetresearchersandresearchgroupsthatsharemyinterestinthemathematical
simulationofphysiologicalprocessesincrops.

Mypresentationconsistedofaposter,whichwasexhibitedduringthePoster
SessionofTuesday22June.DuringthistimeIansweredquestionsfromtheparticipants
tothesymposium.Alltheoralpresentationswerepresentedinthesametheatreandthe
demonstrationofsoftwarewasalsocarriedoutinasinglesessionforallparticipants,thus
Ihadthechancetoattendthefullprogramme.

Apartfromthepresentations,Ididtaketheopportunityofmeetingsomescientists
thatpresentedtalksonsubjectsthatIfoundinterestingformyownresearch.Among
themImetDr.G.Hoogenboom,oftheDepartmentofBiologicalandAgricultural
Engineering,TheUniversityofGeorgia,whocollaboratedintheteamthatpresenteda
paperonthelinkageofDSSAT(TheDecisionSupportSystemforAgrotechnology
Transfer)andCENTURY(AModelofSoilOrganicMatterDynamics)forimproved
simulationofsmallholderagriculturalsystems.Weagreedthatitisofourcommon
interesttoexploreffiturecollaborationuponthemodelingofsilvopastoralsystemsinthe-H-H:!
tropicsofMexico.IhadatalkwithDrClaudioStockle(WashingtonStateUniversity)
whodevelopedtheCROPSYST(CroppingSystemsSimulationModel)andpresented
oneoftheKeyNotesoftheSymposium.Weagreedonthenecessityofintegratingfield
cropsandpasturesintoacommon,comprehensiveframework;agroforestrymodelling
beinganimportantcontributioninthismailer.Possiblecollaborationonthedevelopment
ofamodeloftropicalsilvopastureswithintheframeworkofDSSATwassuggested.I
alsomeetDr.FranciscoVillalobos(InstitutodeAgriculturaSostenible,CSIC,Spain)
whohasbeendevelopingasilvopastoralmodelforoliveplantations.Astomyown
research,thiswastheclosestrelatedworkIlearnedaboutduringtheConference.Oddly



enough,noagreementforfuturecollaborationwasachieved.However,itiscertainlya
potentialcontactforthecontinuationofmyprojectonmodellingtheinteractionsoftree
cropsandpastures.

Basedontheabovementioned,Iconsiderthattheobjectivesofmyjourneywere
achieved,forwhichIwanttoexpressmygratitudetotheJamesRennieBequest
Committeeforthetravelfundingawarded.

SalvadorHemandez
PhDstudent
InstituteofEcologyandResourceManagement
TheUniversityofEdinburgh,Scotland.



AsimulationModelofCarbonandNitrogenCyclinginaTree-GrassInter-CroppingSysteminthe
HumidTropics.TheSilvopastoralModel.

SalvadorHernandez*,Dr.GrahamRussell.Dr.MarioHerrero.
InstituteofEcologyandResourceManagement.TheUniversityofEdinburgh.Scotland.
*Authorforcorrespondence.

Introduction:
Oneoftheproblemsthatmanytropicalregionsshareisthereplacementofnaturalforestbypastureforcattle
withresultantsoildegradation.Smallfarmersinthetropicsdonotnormallyusefertilisersorherbicideson
pasturesasthenutrientsdemandofthetraditionalgrassspecies.cotnbinedwithlowstockingratespermitthe
lengtheningofthelifespanofnaturalsoilfettility.thusallowingasustainedthoughlimitedproductton.
Concernsaboutnaturalresourcesandscarcityoflandarepushinginstitutionsandfarmerstowardsmore
intensivetechnologies.Theintroductionofnewspeciesofgrass.toallowanincreaseinstockingratesanda
consequentreductionofpressureonthesurroundingforestdependsongrazingsystemsgainingadditional
sourcesofnutrients..Weconsiderthatorganicfertilisationfromtreepruningscanbeanalternativetofertiliser
thatsuitsthecircumstancesofsmallfarmers.Pollardingmaintainsapermanentsupplyofnutrientstothepasture
whileminimisinglightcompetition.Theintroductionoftreesintograzingsystemsaffectsmanyaspectsofthe
developmentofthepasture.makingitdifficulttocontinuewiththetraditionaltnanagementpractices..We
developedasimulationmodeltotestthepotentialoftreesasasourceofgreentnanureforitnprovedpastures.
Theaimofthemodelistoallowthesimultaneousutilisationofthelargeamountofinformationwhtchhasbeen
producedinagroforestrytrials.Also,themodelallowsthereplicationofexperimentsunderchangingconditions,
makingitusefulforthedesignofsilvopastoralsystems.

Methods:
Forthedesignofthemodeltfig.I;.weassumedthefollowingpremises:Highyieldingtropicalpasturesare
stronglydemandingofsoilnutrientavailability.Nitrogenfixingtreescanpartiallycontributetotherestoration
ofsoilfertility,althoughexternalinputsmayeventuallybeneededtomaintainsoilfertility.Inter-specific
competitionforsoilnutrientsisbasedonrootbiomass.rootactivityandrootresilience.Lightcompetitionarises

:asupper-storecanopygrowsandlightinterceptionreducesthesolarradiationthatreachesthegrasscanopy.
SCarbonandnitrogencyclingareacceleratedbypruningthetreecanopy.Suchactionproducesbothmulchand

dyingrootsandnodules.allofthemhighinreadilydecomposableorganicmatter.Organtcmatterdecompositton
dependsonlitterqualityandonthenaturalabundanceofsoilmicrobialbiomass.
GrassandTreesub-models:TheIreeandgrasssub-modelsarebasedonthegrowthofstructuralcarbonpools
andpartitioningofassimilates(carbonfromphotosynthesisandnitrogenfromsoil)amongthedifferent
componentsoftheplant.Therateofsynthesisofstructuraldrymatterofgrassisdeterminedbysubstratecarbon
andnitrogenconcentrationsandashoot:rootpartitioningcoefficientleadingtomaximumgrowthbasedonthe
existingstructure(ThornleyandVerberne.1989).Similarly,thespecificgrowthrateoftreecomponentsis
determinedbyagrowthcoefficienttactivityparameter)andthesubstratecarbonandnitrogenconcentrationsof
thecomponent.
Animalsub-model:Thissub-modelcalculatesthefluxesofcarbonandnitrogentofaecesfromanimaltntake.It
thendynamicallyrepresentsthepoolsofcarbonandnitrogeninfaecesonsoil,basedontheactualproductionof
faecesandthedecomposition-mineralisationrates.
Mulchandlittersub-model:LikeCENTURYtParton.etal..1987.1988).themodelconsidersthreegroupsof

:ic
decomposingmaterials,mulch,surfacelitterandrootslitter.Unlikelitter,mulchiscutfromthetreesbeforethe
tissuesgetold,preventingreductionofquality.Decayingmulchandlitterisdividedintometabolic.cellulostc
andligninfractions.Twomajorfeaturesinfluencemulchandlitterquality:a)CtoNratio,whichrisesduetothe
translocationofsubstratesbeforenaturalturnoverandb)ligninfraction.whichincreaseswithageingofplant
tissues.

I
S?ilsub-model:Thissub-modelconsistsoltwopans.soilorganicmatter(SOMIandthepoolofmineral
nitrogen,connectedbythesoilniicrobepool.Thedynamicsofnitrogeninorganicmatteraredrivenbythefate

...ofcarbon,whereasthemineralnitrogenpoolssizedependsontheabundanceofmicrobialhiomass.An
adequateCtoNratioinsoilsolutionisessentialforthemicrobialactivity,forwhichmineralnitrogenfromthe
ammoniumandnitratepoolsmaybeimmobilised.LitterdecayproducesSOMwhichmineralisesintothe
ammoniumpoolorbecomespassiveSOM(verylowmineralisationrate)dependingonthesilt-claycnntentin
thesoil(Heal.oral.,1997).

Simulations:
ThemodelrunsonModelMaker3.03tCherwellScientificPublishingLimited.1997).Themethodofintegration

•

-usedinthesesimulationsisRungc-Kuttawithatimestepoft).4days.Thepresentpaperexploresthe
relationshipbetweencomponentsintermsofthebiologicaleffectofinter-croppingonthetwospeciesandthe
soil.Weconcentratedonpollarding.beingoneoftheoptionsbuiltintothemodeltomakepossthlethecontrolot
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a
nutrientcyclingbytheuser.Weanalysedvariousaspectsofthesysteminresponsetothispractice.By

translocatingstructuralCandNandmeristemstothemulchandlitterpools.pruningtriggersanumberof

processesinthesystemthatcanheobservedinthemodel.Theamountofradiationtransmittedtothegrass

canopyisproportionaltothefractionofleavesremovedfromthetreecanopy.Themodelpredictedaconsistent

increaseinsubstratecarboninthegrassinthedaysfollowingpruning.suggestingthatgrassphotosynthesisis

sensitivetotheleveloflightinterceptionbythetreecanopy.Grassleafureaincreasedwithradiationavailability

andleafproductionwassuppressedasthetreecanopyrecovers.Yotinggrassleaveswereproducedinresponse

toincreasedincidentradiation.Oldleavessurvivedduringtheperiodinwhichlightinterceptionbytreeslimited

theproductionofnewleaves.Wefoundthatalthoughrootpopulationgrowthcontinued,therewasadecreasein

structuraldrymatterfinerootsaftereverypruningevent,whichsuggestsanaturalself-thinningofrootsinorder

toattainabalancewhenassimilatesbecomescarce.Specificleafarea(m1kg’1tinvolves,ononehand.thelight

interceptingsurfaceofthecanopyand.ontheothe±.thepotentialmulchproduction.Specificleafareawas

showntoaffectthetreegrossandmaximumphotosynthesissignificantly.Nevertheless,asthemaximum

photosyntheticrateincreases,thegrossphotosynthesisdecreasesastheincrementalSLAparameterbecomes

larger.TheincrementalSLAparametercontrolsthefeedbackofleafproductiontophotosynthesis..Themodel

suggeststhatahigherSLAwillreduceradiationtransmissionfaster,increasingcompetitionbetweenspeciesand

requiringamoreintensivepruningschedule,thuscompromisingthesurvivalofthetrees.HighertreeSLAalso

affectedthestructuraldrymatterofthegrassshootswhichmaybeinterpretedasaresultofthereductionin

transmittedsolarradiation.

Conclusions:
Theresultsweobtainedinthesimulationssuggestthatthemodelcanbeusedtopredictthestatusofthepasture

underdifferentmanagementpractices.Themodelcanbeusedtoassesstheamountofradiationbeingintercepted

bythetreecanopyandwhetherthisisaffectinggrasssurvival,Italsoprovidedinsightsintothedesirable

characteristicsofthetreespeciesforfosteringthecotnplementarityinthesystem.
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FigureI.AsummarisedviewoftheSilvopastoralmodelasiilooksintheMAINviewinModelMaker3.03.
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