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Work was completed in the final year of Phase I o_ the R4D program that focused on
the following activities: 1. Finish acquiring soil and root-mycorrhizal samples from
the R4D Imnaviat Creek watershed site. 2, transfer process sampling protocol to
Schimmel and Chapin so that they can utilize similar approaches in their work on
nitrogen dynamics in field manipulation studies and there by better integrate existing
decomposition data and modelling structure with their data and information on
nitrogen dynamics in soils and plant compartments. 3. Finalized data sets on the
complete mineralization of cellulose, and cellulose like plant structural material, and
cellulose intermediate hydrolysis products into CO2 from soils from water track and
non-water track soils and soils from riparian sedge moss meadow vegetation areas.
4. Finish data collection and writing manuscript on the uptake potential of .organic
phosphorus by Eriophorum vaginatum and finalize work on comparative study in a
forest soil of similar pH, but which had been limed in an attempt to alter soil pH.
5. Initiate, study on looking at epilitl-.ic biofilm in boreal streams so that we could
have a better understanding of the differences in decomposition processes these
systems relative to similar data from various arctic tundra soils. 6. Developed and
tested the GAS models on decomposition and plant growth and nutrient acquisition.

Sincethiswas thefinalyearofthisprojectprincipalactivitiesweredirectedtowards
eithercollectingdataneededtocompleteexistingincompletedatasetsorwriting
manuscripts.Datasetson InmaviatCreekwatershedbasinarefunctionallycomplete
and dataisfinializedon thecellulosemineralizationand dustimpacton soilorganic
cBxbonand phsophorusdecomposition.Sevenmanuscriptswereprepared,submitted
oracceptedduringthisreportingperiod.They arebrieflyoutlinedbelow:

1.The absorptionofinorganicphosphatefrom_2P-labeledinositolhexaphosphateby
Eriophorumvaginatum.1991. C.J.Kroehlerand A.E.Linkins,Oecologia_ 424-
428.

A scarci_.yofavailablephosphorusoftenlimitsplantgrowth,and organicforms
ofphosphorusarenotgenezallythoughttobeimportantdirectsourcesofphosphate
forplants.A dominant arctictundraplant,Eriophorum vaginatum,is ableto
hydrolyzeand absorbphosphatefrom a naturallyoccurringorganicphosphorus
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compound at concentrationsas low as thosefoundin soilsolutionand at rates
comparabletoitsabilitytoabsorbinorganicphosphate.Calculationsshow thatin
tundra soils,where organicphosphorusis typicallythe predominantform of
phosphorusinsoilsolution,E.vaginatum'srootsurlhcephosphatasesmay becapable
ofprovidingfrom organicphosphorusup to69% oftheplant'sannualphosphorus
demand.

2. Phosphatase activities and phosphorus uptake from inositol phosphate by
ectomycorrhizal fungi. 1991. R.K. Antibus, R.L. Sinsabaugh and A.E. Linkins. Can.
J. Bot. _ 794-801.

Tobetterunderstandthephysiologicalimportanceofacidphosphataseactivity
we examined the effectsofinorganicand organicphosphorusgrowthsourceson
enzyme activityand s2puptakeinseveralectomycorrhizalfungi.Myceliumofeight
isolatesfrom four basidiomycetespeciesdemonstratedoptimalp-nitrophenyl
phosphataseactivityatpH 4.5or5.0.Acidphosphataseactivitiesvariedbetween
strainsofSclerodermacitrinumand betweenthespeciesexamined. Interspecific
differencesin isoz_znepatternsof whole cellextractswere apparentin native
polyacrylamidegels,The isoelectricpointsofthepredominantphosphatasesinwhole
cellextractswere in the pH 5.0 to 5.5 range. Growth of fungion inosi*_ol
hexaphosphateversusinorganicP didnotaffecttheisozymepatternsdetectedby
eitherelectrophoreticmethod.Growth oninositolhexaphosphateeffectedsurfaceand
solubleactivitiestowardsp-nitrophenylphosphateandinositolphosphatetodifferent
degreesinspeciesexamined.Phytaseactivitywas mLfficienttoproduc_anetrelease
ofP inallisolates.Growth oninositolhexaphosphatewas associatedwithincreased
uptakeofs2pfrom inositolpolyphosphateinfouroffivespeciesexamined. Acid
phosphatase,measuredwithp-nitrophenylphosphate,was positivelycorrelatedwith
_2puptake.Decreasedphytaseactivitiesmeasuredforinositolhexaphosphategrown
mycelium were associatedwith increasedP influxin such mycelium. Both
phosphataseactivityand s2puptakewere subjecttoinorganicP inhibitionwith_P
uptakedemonstratinga greatersensitivity.Theseresultsprovidefurtherevidence
fortheroleofsurfaceacidphosphatasesinorganicP utilizationby ectomycorrhizal
fungi.

3.Effectsofliminga redpineforestflooronmycorrhizalnumbers and mycorrhizal
and soilacidphosphataseactivities.1992.R.K.Antibusand A.E.Linkins,SoilBiol.
Biochem.2_44,479-487.

The fbrest floor of a New England red pine plantation was limed to determine
whether this would influence the numbers or types of ectomycorrhizas associated with
this host. The potential effect of lime on the mineralization of soil organic
phosphorus was examined by determining the surface phosphatase activities of



common ectomycorrhizal types, their reaction to pH and soil phosphatase activities.
Differences in numbers of viable ectomycorrhizas (ECM) between a control and

a limed plot were small relative to the high amount of spatial and seasonal variability
over 2 field seasons. Numbers of distinct ECM morphotypes were used to calculate
diversity indices. Diversity changed seasonally, ,,ith two to five common ECM
morphotypes encountered at each date. Liming did not appear to affect diversity of
ECM morphological types, however, lime did increase the relative frequency of cert_n
ECM morphotypes. The causes for these shifts are not known.

Surface phosphatase activities of ECM morphotypes from both limed and
unlimed soil were optimal at pH values of 3.5 and 5.0. Seasonal and liming-related
differences were observed for phosphatase activity of individual ECM morphotypes,
but these differences were minor compared to differences existing among
morphotypes.

Liming reduced soil phosphatase activity assayed at pH 5_0 and 7.0 in the 012
horizon. No differences in activity were apparent in the 02 or A1 horizons, although
liming altered the pH of these horizons. The decline in activity paralleled changes
in soil water content.

Ectomycorrhizas are a significant component of the forest floor in red pine
plantations and produce high levels of surface acid phosphatase activity. Lime-
induced shifts in ECM morphotypes have the potential to alter the mineralization or
organic P and the P nutrition of the host. The extent to which shifts in ECM
associates contribute to the observed decrease in the phosphatase activity oft he 012
horizon remains to be determined.

4. An enzymic approach to the analysis of microbial activity during plant litter
decomposition. 1991. R.L. Sinsabaugh, R.K. Antibus and A.E. Linkins, Agriculture,
Ecosystems and Environment 34: 43-54.

The microbial degradation of plant litter is mediated by extracellular enzymes.
Their specificity makes enzyme assays useful for comparing microbial communities,
monitoring community succession, evaluating the effects of disturbance or ecosystem
variables on microbial processes and for studying microbial processes at the molecular
level. Thus far, the application of enzymic techniques to ecological studies of plant
litter decomposition has been limited. Applied in combination with general indices
of microbial biomass and activity, taxonomic analyses and proces_ rate,
measurements, enzyme assays offer a mechanistic approach to decomposition studies.
This potential is illustrated by discussh_g the role o cellulase in leaf litter degradation
and by proposing a conceptual model of plant litter degradation from an enzy_fic
perspective.
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5. Exoenzyme acctunulationinepflithicbiofflms.1991.R.L.Sinsabaugh,D.Repert,
T.Weiland,S.Golladayand A.E.Linkins.Hydrobiologia222:29-37(1991).

Althoughexoenzymeaccumulationifoftenproposedasan explanationforthe
highmetabolicactivityofbiofilms,littleisknown abouttheabundance,distribution
andttunoverratesofexoenzymeswithinthesecommunities.To assessaccumulation,
epilithicbiofilmsamples were collectedfrom a fourth-orderborealriverand
homogenized.The resultingparticleswerefractionatedby sizeandeachfractionwas
assayedfornineexoenzymeactivities,chlorophyll,and ATP.

Ingeneral,carbohydraseactivitieswerenotcorrelatedwithmicrobialbiomass
indicators;thelargestpoolofactivitywas intheaqueousphase(<0.2tun).Phenol
oxidase,peroxidase,and phosphataseactivitieswerelargelyparticle-boundand often
correlatedwithmicrobialbiomassdistribution.Itwas concludedthattheepilithic
biofilmmatrixwas effectiveat accumulatingcarbohydraseactivityand thatthis
acctunulationmay partiallyaccountforthemetabolicresistanceofepilithicbiofilms
todissolvedorganicmatterfluctuations.

6. Wood decompositionovera first-orderwatershed:Mass lossas a functionof
lignocellulaseactivity,R.L. Sinsabsugh,R.K. Antibus,A.E. Linkins,C.A.
McClaugherty,L.Rayburn,D.RepertantiT.Weiland,SoilBiol.Biochem.244,743-749
(1992).

Because plantl_itterdecompositionis directlymediated by extracellular
enzymes,analysesofthedynamicsoftheiractivitymay clarifythemechanismsthat
link.decompositionratesto substratequalityand to temperature,moistm-eand
nutrientavailabilitypatterns.We investigatedthispossibilityby placingarraysof
whitebirchice-creamsticksateightupland,ripariauand loticsiteson a forested
watershedinnorthernNew York. For3 yr,sampleswere analyzedformass loss,
protein,nitrogenand phosphorusaccumulationand the activityof 11 classesof
extracellularenzymes involvedinlignocellulosedegradationand nutrientcycling.
Despi._econsiderableheterogeneitybothwithinand between sites,decomposition
rateswere closelyrelatedtothe activityoflignoceUulose-degradingenzymes. A
statisticalmodelwas developedthataccountedfor94% ofthevarianceinmass loss
ratesasa functionofthetemporally-integratedactivityoftheseenzymes.Modelsof
tldStypecontributetoourunderstandingofscaleintegrationand may facilitatethe
estimationofdecompositiouratesamong landscapeunits.
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7. Extracellular acid phosphatase activities in Eriophorum vaginatum tussocks: A
modeling synthesis. 1992. D. Moorhead, C. Kroehler, A.E. Linkins and J.F. Reynolds,
Accepted for publication: Arctic and Alpine Research

Analyses of Eriophorum vaginatum tussocks provided mass and kinetic
parameters for a Michaelis-Menten model of phosphatase activities in Alaskan
tussock tundra. This model was used to simulate the temporal patterns of
phosphatase activities, given a 90-d thawing season and organic phosphorus
concentrations of 30 t_M in the first and last 10-d intervals; 15 _Yl at other times.
Results indicated that about 28% of the total annual tussock activity (155 Ing P
released) occurred during the brief period of high substrate availability in autumn;
little occurred in spring because most of the tussock was frozen and live root mass
was low. Phosphatases associated with living roots of E. vaginatum were responsible
for about 4% of the total activity in tussocks (ca. 6 mg P), which is almost twice the
annual plant demand (ca. 3.5 Ing). These results suggest that (1)E. vaginatum may
obtain much of its phosphorus requirement from the activities of root surface
phosphatases,'and (2) the timing of maximum plar, t phosphorus uptake (late in year)
and growth (early in year) are asynchronous, i.e., E. vaginatum integrates nutrient
availabilities across years.
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This report was prepared as an account of work sponsored by an agency of the Ullited States
Government. Neither the United States Government nor any agency thereof, norany of their
employves, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product,or

i process disclosed, or represents that its use would not infringe privately owned rights. Refer-
cnce herein to any specific commercial product, process, or service by trade name, trademark,
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