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Project Overview

Our ability to interpret ecosystem response to elevated atmospheric CO2 is contingent on
understandingandintegratinga complexof physiologicaland ecological processes. However, we
have a limited understandingof the combinedeffects of changes in plant carbon (C) allocation,
microbialactivity,and nitrogen(N) dynamicson the long-termresponseof terrestrialecosystems
to elevated CO2. Individually,these factorsarepotentmodifiersof C and N dynamics,and an in
depthunderstandingof theirinteractionsshouldprovideinsightinto ecosystem-level responsesto
global climatechange.

With support from the Program for Ecosystem Research (PER), we are testing and refininga
conceptualmodel depictingthe influenceof elevated atmosphericCO2 on plantproduction,soil
microorganisms,and the rate at which C andN are cycled in the plant-soil system (Fig. 1). It is
based on the premise that above- and belowground plant productionprovide the primarylink
between the rising atmosphericCO2 concentrationand changesin the cycling of C and N within
terrestrial ecosystems. Our previous experimentssupport the hypothesis that increased root
growth can elicit a positive feedbackresponseby microbialpopulationsand N dynamics within
the soil. Nevertheless,we lack a complete understandingof the exact mechanismsby which root
production, soil C availability,microbial populationsand net N mineralizationincrease under
elevated CO2.

Our researchis aimedat quantifyingthe physiologicalmechanismsleading to increased fine root
production, microbial biomass and rates of N cycling at elevated atmospheric CO2. More
specifically,we will experimentallymanipulatesoil nitrogenavailabilityand atmospheEc CO2 to
understandhow changes in plant resourceavailabilityinfluencethe cyclingof carbonand nitrogen
between plantsand soil microorganisms.
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Accomplishments for Year I

Project _j_ng: We have been success_l in recruitingseveral outstandingindividualswho will
work full time on our PER projectover the next two years. Dr. MarkKubiske,a physiological
plantecologist, hasjoined our project as a post-doctoral researchassociate and will work under
the supervisionof Dr. Kun Presitzer at MichiganTechnologicalUniversity. Dr. Kubiske is a
recent Ph.D. from the PennsylvaniaState Universityand willbe responsiblefor root imaging,day-
to-day maintenance, and isotope experiments. Carl Mikan and hcqueline Couneau are Ph.D.
students at the University of Michigan and will work underthe supervisionof Dr. Donald Zak.
Carl l_f'_kanrecentlyreceived a M.S. in forest ecology fromPennsylvaniaStateUniversityand has
a strong background in soil biology and tree physiology. He will assist with day-to-day
operationsand will be the lead personfor the isotope experiments. JacquelineCourteaureceived
an undergraduatedegree in biology/philosophyof science from Brown University, her interests
are in the area of plant physiological ecology and she will study plant photosynthesis.
Collectively,these individualsbringan arrayof expertiseand intereststhat are well suited to our
project.

Collection of Plant Material: At the suggestion of Dr. CliveJorgensen,.we have decidedto use
tremblingaspen (Populus tremuloides Michx.) as an experimentalorgamsm,ratherthan Populus
euramericar_ cv Eugenii as we had originallyproposed. We are particularlyfortunateto have
phenological observationsfor a large numberof tremblingaspen clones on the University of
Michigan Biological Station. Our phenologicaldataincludedates of flowering, leaf flushing, and
leaf senescence for approximately50 clones. We used these observations, some collected
periodicallysince 1960, to select early- and late-senescingaspen genotypes. In October 1993,
we collected the root systems of three early-and three late-senescing clones to propagate plant
materialfor our experiment. There is approximately3-4 weeks differencein autumnalsenescence
between these genotypes, a significantperiod of time given the 22 week growing season of
northernLower Michigan. Ourrationalefor using these clones was that genetic differences,like
the durationof leaf display,shouldbe an important factor influencingthe annualnet carbongain
of plants growing at elevated atmosphericCO2. In turn,genotypicdifferencesin net carbongain
should influence carbon inputs to soil and the amount of energy available for microbial
metabolism.

We stored the aspen root cuttings at 4 oc at the University of Michigan MatthaeiBotanical
Gardensuntil propagationbegan in earlyMarch1994. The root cuttings were placed on a mist
bench (Fig 2) until sproutingoccurred,usuallywithin2 to 4 weeks. Sproutswere excised from
the root cutting, treatedwith indole butyricacid (rooting hormone),and placed in a smallmoist
peat pot until a root system had developed (Fig. 3). After rooting, the individualramets were
placed on a greenhouse benchfor 2 weeks and then transferredto a cold frameto acclimate to
outdoor conditions. We have propagatedapproximately100 ramets from each aspen clone, each
of which will be graded for uniformityof leaf numberandroot developmentbeforeplanting. We
will plant one ramet of each early-andlate-senescing clone into each open-top chamber/rootbox
on May 30, the beginningof the growing season on northernLowerMichigan.

Construction of Elevated CO2 Facility: Over the past 9 months, we have made considerable
progress in assemblingour new CO2 exposurefacility. To date, we have constructedthe open-
top chambers(Fig. 4) and belowgroundroot boxes containingminirhizotrons(Fig. 5), and have
installedthe entire experimentalarrayopen-top chambers/rootboxes(Fig. 6). At the suggestion
of Dr. Clive Jorgensen,we also have included a nitrogenfertility treatment to investigate the
interaction of elevated CO2 and soil nitrogen availabilityon C and N cycling in the plant-soil
system. As such, our experimentaldesign now consists of factorial combinationsof CO2
(ambientand twice-ambient) and nitrogenavailability(low and high) arranged in a randomized
complete block design; each treatment is replicated twice in each of six blocks. We have
experimentallymodifiedsoil nitrogenavailabilityby combiningorganic-matter-poo:native subsoil
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with different p,o?ortions of the organic-matter-richnative surface soil. The low nitrogen
availabilitytreatment is a 1:5 ratio of surfaceto subsurfacesoil, and the high nitrogen availability
treatment consists entirelyof surface soil. We estimatethe initialnitrogen mineralizationrates of
45 ug N g-I d-t in the low nitrogentreatmentand 345 ug N g-_ d-_ in the high fertilitytreatment.
These values are ecologically relevant because they bracket rates measured in a wide array of
Lake States forests. Moreover,this technique has worked well in the past and has produced large
differences in plant growth related to rates of net nitrogenmineralization. Our arrayof open-top
chambers/rootboxes is now re_dyto receiveplant material, and we expect no delaysin the start
of our experimenton May 30.

In additionto the construction and establishmentof our experimentalarray,we also have ordered
all materialsand have assembled a new CO2 dispensing system. Our new system allows us to
more accurately monitor and control the atmosphericCO2 concentration. We have refinedthe
dispensing of CO2 with the use of precision flow meters, upgraded our previous valving system
bringing chamber air to the IRGA, and have more fully automated CO2 monitoring with new
control hardware and software. The system has been thoroughly tested and is ready for field
installation. The systemwill be in place and operatingon May 15, two weeks priorto planting, to
insurethat the dispensing system is accuratelycontrollingand monitoringatmosphericCO2."We
do not foresee any problemswith the CO2 dispensing systemthat would delay the start or our
fieldseason.

14C Labeling C,uvette: A criticalaspect of our experimentis the in situ labeling of plants with
14CO2. We have closely worked with the Radiation Control Service at the University of
Michigan to insurethat our experimentalprotocol meets with NRC standards. Over the past 9
months, we have constructed andrigorouslytested our 14CO2 labelingcuvette, it is working very
well (Fig. 7). We are able to easily maintain ambient temperaturewithin the cuvette, even on
cloudless days when solar loading is high. Moreover,we are able to accurately monitor and
adjust the CO2 concentration within the cuvette to ambient and twice-ambient CO2
concentrations, enablingus to labelplants at their respective growth concentrations. We have
conductedseveral trialsusing Popuius euramericana in which we have scr_tbbedCO2 fi,_mthe
chamber and have regenerated the atmosphere to 350 and 700 umol mol-_ using NaH_zCO3.

We _r_ now ready to begin several preliminaryexperimentswith Populus tremuloides to refineour CO2 labeling technique before conducting in situ labeling at the end of this growing
season. Data from these experimentswill enable us to moreaccurately estimatethe amount of
time required to label plants in the field such that sufficient isotope has moved into microbial
biomass and soil organic matter.

Planned Activities

During the 1994 growing s.eason,we will be collecting a wide arrayof data on the response of
plants and soil microorganismsto elevated atmospheric CO2 and soil nitrogen availability.
Specifically, we will be make periodic measurementsof leaf area, photosynthesis, fine root
production, fine root mortality,and fine root survivorship. Because the aspen genotypes in our
experimentoccur in the field, and because we know the field location of these genotypes, we will
compare the phenological development and photosynthetic rate of aspen genotypes under
experimental and field conditions. This will enable us to determinet"..einfluence of experimental
conditions (i.e., open-top chambers) on plant response, enabling us to place our results in an
ecosystem-releventcontext.

Our largest task for the 1994 field season is our dual labeling_periment with 14C and 15N to
trace the fluxes of C and N between plants and soil microorgamsms.We are confident that the
re_ work alreadyconducted, in combinationwith furtherrefinementof,9ur tech_que with
ditionaltrials, will well prepare us for this task. Following the additionof t"C and _N to the
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experimental units, we will continuously monitor soil respiration to determine when 14C has
moved from the plants into the soil. At that time, we will harvest the experiment and determine
the distribution of isotope in plant tissue, microbial biomass, and soil organic matter pools. We
intend to analyze this data prior the start of the next field season and prepare several manuscripts
summarizing our results.

Publications

Pregitzer, K.S., D.R. Zak, P.S. Curtis, M.E. Kubiske, J.A. Teeri, and C.S. Vogel• 1994.
Atmospheric CO2, soil nitrogen, and fine root turnover. Science in review

Kubiske, M.E., and K.S. Pregitzer. 1994. Effect of elevated CO2 and fight availability on the
photosynthetic fight response of trees of contrasting shade tolerance. Tree Physiology in
review

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, 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
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors exl_ressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Figure 1. A conceptual model depicting the response of plants and soil microorganismsto
elevated atmosphericCO2 and soil nitrogenavailability. Our model predicts a positive
feedback between the atmosphericCO;_concentrationand rates of belowground plant
production. We predictthat increasedinputs of C to soil from higher rates of fine root
turnover at elevatedCO2 shouldincreasethe flow of nitrogen throughmicrobialbiomass,
facilitatinganincreasein ratesof net nitrogenmineralization.



Figure2. A root cuttingfrom an eady-senescingPopulus tremuloides genotype collected at the
University of MichiganBiological Station. Pictured are several sprouts that originated
from single root cuttingapproximately24 cm in length.

Figure3. An aspen rametpropagatedfromsproutsborne from a root cutting. After a sprout has
been excised from a root cutting, it is treated with indole butyric acid to initiate root
developmentandplaced in a moist peat pot. Afteran outdooracclimationperiod,we will
plantone ramet of each genotype in each open-top chamber/rootbox.



Figure 4. Constructionof open-topchambersusedto elevateatmosphericCO2.

Figure 5. Open-top chamber installedon a belowgroundopen-bottomroot box. Plant root systems are
contained within the root box enablingus to monitorfine root production and mortalitywith the
minirhizotron camera. The minirhizotronrobes are the white tubes extending from the soll
surfaceinside the open-top chamber.
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Figure 6. Establishingthe array of open-top chambers/rootboxes at the University of Michigan_
Biological Station. Our experimentconsists of 32 experimentalunits arrangedin a randomized
block design. We are maintainingtwice ambientCO2 concentrationsin 16 boxes with the use of
ournewlyconstructedCO2 dispensingsystem.Nitrogenavailabilitytreatmentsconsistedof
mixingnativesubsoilandnativesurfacesoilindifferentproportions.Low fertilitytreatmentisa
1:5 surfaceto subsurfacesoil mixture,andthe high fenih'tytreatmentconsists entirelyof surface
soil. Soils for both treatments were homogenizedwith a cement mixerpriorto fillingeach box by
hand.
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Figure 7. 14C labelingcuvette designed to labelPopulus tremuloides growing at ambientand twice-
ambientatmosphericCO2 in the field. Thelabelingcuvette is temperaturecontrolled with a solid-
state electroniccooler that tracksthe ambienttemperature.Carbondioxide concentrationswithin
the cuvetteare monitoredwith the use of an infra-redgas analyzer. The cuvette is also equipped
with a loop thatallowsus to removethe CO2 fron_lhe atmosphere.withinthe chambervia a so:,a-
lime ,tptp and regeneratethe atmosphere_vithl"CO2. The t"CO2 is produced by adding
Nail l,,CO3 to HCI conIainedin a gas generatingvessel.
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