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Fe-silicates. In the lactate treatment protist concen-
trations increased by over an order of magnitude to
2914±1482 protists/ml before decreasing and plank-
tonic cell concentrations increased almost two orders
magnitude to 1.4±1.3x107 cells/ml whereas no change
in protist and cell concentrations occurred in the con-
trol treatment. Increased rates of Fe(III) reduction may
have occurred in the low permeability non-peat rich
zones but the correlations with the physical and chem-
ical descriptions of aquifer heterogeneity were weak,
probably as a result of Fe precipitation, Fe sorption,
and the abundance of Fe(III) bearing minerals and bac-
teria at all depths. This work has important implica-
tions for developing methods to remediate subsurface
sites contaminated with metals and radionuclides.

B51A MCC: 3014 Friday 0800h

An Ecohydrological Perspective on
Woody Plant Encroachment in
Semiarid Regions I (joint with H)

Presiding: R L Scott, USDA
Agricultural Research Service; B P
Wilcox, Texas A&M University
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Ecohydrology and Woody Plant
Encroachment: a Conceptual
Framework for Evaluating Landscape
Consequences

Travis E Huxman1 (520-621-8220;
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5Earth and Environmental Science Division, Los
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6Geological Sciences, University of Colorado, Boul-
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7Department of Biology and Nicholas School of the
Environment and Earth Sciences, Duke University,
Durham, NC 27708-0340

8Biology, University of New Mexico, Albuquerque,
NM 87131-1091
Increases in the abundance or density of woody

plants in historically semiarid and arid grassland
ecosystems have important implications for hydrology,
ecology, and society. Using a simplified water-balance
model, we propose a framework for conceptualizing how
woody plant encroachment is likely to affect compo-
nents of the water cycle within these ecosystems. In
these systems, shrub removal has been proposed as
mechanism for increasing watershed yield, but such in-
creases are likely only in systems with shallow bedrock,
riparian systems, or climatic systems where precipita-
tion exceeds potential evapotranspiration for extended
periods. In semiarid and arid systems abiotic controls
on evaporation overwhelm biotic control of streamflow.
In these systems, the predominant effects of woody
plant encroachment that promote ecohydrological feed-
backs are changes in: infiltration, depth of plant wa-
ter removal, generation of transient overland flow and
near-ground energy budgets that affect the ratio of
evaporation (E) to transpiration (T). In these more
xeric areas, the ratio of E:T is critical because it in-
dicates the biological use of water which influences
landscape structure. Increasing woody plant cover is
associated with larger open interspaces, at the land-
scape scale the differential contribution of canopy ver-
sus interspaces may change landscape E:T. Alterations
of spatial structure and ecohydrology likely influence
other biogeochemical processes, such as carbon cycling.
At the landscape scale, total respiration depends on the
magnitude of canopy/interspace respiration flux scaled
by the spatial extent of interspaces and canopy space.
Canopy respiration is strongly correlated to T, while in-
terspace respiration is largely driven by soil water avail-
ability and therefore is driven by factors that control E.
Resolving the partitioning of E:T should help resolve
the net effect of woody plant encroachment on other
biogeochemical cycles at the landscape scale. This
framework for considering the effects of woody plant
encroachment highlights important ecological and hy-
drological interactions that serve as a basis for predict-
ing other ecological aspects of vegetation change.

B51A-02 0820h INVITED

Trees, Water, Space and Time

Steven Archer (520-626-8791;
sarcher@ag.arizona.edu)

University of Arizona, 325 Biological Sciences East,
Tucson, AZ 85721-0043, United States

Woody plant proliferation in grasslands and sa-
vannas over the past century has been a globally
widespread phenomenon. Rates and patterns of woody
community development in arid and semi-arid grass-
lands are often regulated by a hydrological process me-
diated by soils, topography and disturbance. Once es-
tablished, woody plant communities have the potential
to alter hydrological processes either directly or indi-
rectly. This presentation will focus on hydrological me-
diation of woody plant establishment and community
development. Though not widely documented, rates,
patterns and dynamics of shifts from grass to woody
plant domination, appear to be strongly influenced
by the amount and seasonality of rainfall, operating
against a backdrop of topoedaphic heterogeneity. Dis-
turbances may override or amplify climate/soil effects.
Establishment of woody seedlings is a critical first-step
in woody plant encroachment. How do seedlings gain a
foothold in grasslands? How important is episodic vs.
continuous recruitment? How do hydrological factors
affecting woody plant recruitment differ from those af-
fecting stand development and stand dynamics at land-
scape levels of resolution? To what extent are woody
plant communities self-regulating and subject to hy-
drologically mediated density dependence? These ques-
tions will be addressed in the context of vegetation in-
ertia and lag effects which make it difficult to assign
primacy to driving forces.
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Scale Issues in Ecohydrological
Processes in Grassland-Shrubland
Transitions, Jornada, NM
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ences, Duke University, A 237 Levine Science Re-
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Rainfall-simulation experiments have proved invalu-
able in developing our understanding of ecohydrolog-
ical processes relating to grassland-shrubland transi-
tions in the American Southwest and elsewhere. Grass-
land communities are effective at buffering the runoff
and erosional response, whereas shrublands accelerate
runoff and erosion rates leading to local concentrations
of resources. Further feedbacks occur in terms of nutri-
ent redistribution both dissolved in overland flow and
adsorbed onto transported sediment. Field experiments
at the Jornada LTER site over the last ten years have
evaluated these processes on undisturbed and grazed
black grama grassland, and creosotebush and mesquite
shrubland communities. More recently, investigations
have been carried out to evaluate the behaviour of these
systems at the landscape scale. Low-cost sampling de-
signs have been used so that relatively large spatial
samples can be collected. Currently, 96 of these sam-
plers are in operation at Jornada, evaluating water,
sediment and nutrient transfers in the interrill zone.
A smaller number of samplers are used to character-
ize rill transfers of water and dissolved nutrients. The
samplers are located along ecotones so that the spa-
tial relationship of grassland-shrubland and shrubland-
shrubland transitions can be evaluated. An interest-
ing initial result of the use of these samplers is that
they provide different relative patterns of fluxes from
those that would be estimated using the plot-based
studies. These results contribute to the growing body
of evidence that the scaling properties of landscape-
degradation processes in these environments are non-
linear. Further instrumentation of watersheds is being
carried out in order to evaluate these non-linearities at
larger scales. At the same time, intensive spatial sam-
pling of hydrological, sedimentary and nutrient char-
acteristics of the surfaces of the different vegetation
communities is being carried out. The rationale for this
sampling is to be able to generate multi-scale databases
that can be used to parameterize a range of models that
investigate the transition processes and process inter-
actions. These models work at a range of levels of ab-
straction, albeit all with a process base. Furthermore,

the spatial measurements themselves give clues to the
cause of the non-linearities in scaling and the processes
that may generate them. This paper concludes by look-
ing at the relative advantages and disadvantages of the
different approaches that can be used to evaluate eco-
hydrological interactions.

B51A-04 0855h

Spatio-temporal Variation in Soil Water
in a Semiarid Woodland: Implications
for Woody Plant Encroachment

David D. Bresehars1 ((505) 665-2803;
daveb@lanl.gov)

Orrin B Myers2 ((505) 272-4185;
OMYERS@UNM.EDU)
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Woody plant encroachment in dryland ecosystems is
an issue of global concern, yet mechanisms related to
encroachment are poorly understood. Mechanisms as-
sociated with woody plant encroachment likely relate
to soil water dynamics, yet few long-term data sets ex-
ist to evaluate soil water heterogeneity. Here we high-
light how soil water varies both temporally (wet vs. dry
years and snow vs. rain dominated months) and spa-
tially (vertically with depth and horizontally beneath
vs. between the canopies of woody plants). We mea-
sured soil water content using neutron probe over a 15-
year period in a pinyon-juniper woodland at the Mesita
del Buey Research Site in northern New Mexico. Our
objectives included assessing (1) the temporal variabil-
ity of soil water, both as a function of depth and as a
function of cover (canopy patches beneath trees, inter-
canopy patches between trees, and edges between the
two patch types); and (2) implications for the vertical
and horizontal distributions of plant-available water.
Our results highlight (1) large temporal variations in
soil water availability, driven largely by differences in
winter precipitation, and (2) the potential importance
of considering horizontal as well as vertical heterogene-
ity in soil moisture. The spatio-temporal variation in
soil water that we quantify highlights the potential
complexity of changes in the water budget that could
be associated with woody plant encroachment and em-
phasizes the importance of considering horizontal as
well as vertical heterogeneity in soil water in improv-
ing our understanding of mechanisms associated with
woody plant encroachment.

B51A-05 0910h INVITED

Interactions Among Water, Carbon,
And Nutrient Cycles With Woody
Plant Encroachment Into Grasslands

Robert B. Jackson1 (1-919-660-7408;
jackson@duke.edu)
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Andrew J. McElrone1 (mcelrone@duke.edu)
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Albuquerque, NM 87131, United States

The expansion of woody plants into deserts, grass-
lands, and savannas alters water and nutrient cycling,
affecting some one-fifth of the world’s population. In
this talk, research along precipitation gradients in
North and South America will be used to examine in-
teractions among water, carbon and nutrients in the
southwestern U.S. and in grasslands of Argentina and
Uruguay. Those interactions include groundwater up-
take, carbon sequestration, changes in salinity and pH,
and new evidence for the direct uptake of nutrients at
depth using stable isotopes. The talk will end with a
discussion of key unanswered research questions at the
boundary of hydrology, biology, and geochemistry as-
sociated with woody plant encroachment.

URL: http://www.biology.duke.edu/jackson
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B51A-06 0930h

The Ecohydrological Interactions
Between Mesquite and its Water
Sources

Russell L Scott1 (520.670.6380 x 113;
rscott@tucson.ars.ag.gov)
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2University of Arizona, School of Renewable Natural
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3University of Arizona, Department of Hydrology and
Water Resources, Tucson, AZ 85721, United States

Velvet mesquite (Prosopis velutina), a native woody
plant to southern Arizona, USA and Sonora, Mexico,
has successfully expanded its range and encroached into
both upland and riparian grasslands during the 20th
century. In this study, we examined the interactions be-
tween mesquite and its water sources in order to deter-
mine how the trees responded to moisture availability.
This study took place in a riparian area and because the
trees had access to both deep groundwater and surface
water, these interactions resulted in important hydro-
logical and ecological consequences. Surprisingly, we
found that the mesquite responded to and even manip-
ulated both surface and deep soil moisture even though
they apparently had access to a stable groundwater
source throughout the growing season. During dry sea-
son nights, observations of root sap flow showed that
the trees moved moisture upwards in the taproot and
out into the surface soils in lateral roots. As a conse-
quence of this “hydraulic lift”, diurnal soil respiration
measurements showed that the soil microbes were stim-
ulated following the nocturnal release of moisture into
the near-surface regions. During rainy season nights,
there was sap flow movement toward the tree in the sur-
face lateral roots and downwards in the taproot indicat-
ing “hydraulic descent”. Borehole GPR measurements
of the deeper, 2 - 10 m, vadose zone moisture content
increased apparently as a result of this tree-facilitated
water movement. Also, hydraulic descent influenced
water table elevations indicating direct groundwater
recharge via plant pathways.

B51A-07 0945h

Assessing the role of spatial pattern in
governing ecohydrological interactions
and vegetation dynamics in semi-arid
savannas.

Hank H Shugart1 (hhs@virginia.edu)

Kelly K Caylor2 (kcaylor@princeton.edu)

Todd M Scanlon2 (tscanlon@princeton.edu)

Ignacio Rodriguez-Iturbe2 (irodrigu@princeton.edu)
1University of Virginia, Department of Environmental

Sciences, Charlottesville, VA 22903, United States

2Princeton University, Department of Civil and En-
vironmental Engineering, Princeton, NJ 08540,
United States

The spatial pattern of vegetation is both a cause
and effect of variation in resource availability in semi-
arid ecosystems. At landscape to regional scales, cli-
matic and geologic constraints on soil moisture and nu-
trient availability are primary determinants of vegeta-
tion structural pattern in semiarid ecosystems. Simi-
larly, at local to landscape scales, the patchy vegetation
structural mosaic serves to redistribute the availability
of soil moisture and nutrients in ways that have impor-
tant consequences for structural dynamics and commu-
nity composition. A coupled energy and water balance
approach was previously used to simulate the effects of
large tree canopies on soil moisture and water stress
across a series of sites spanning a regional moisture
gradient in southern Africa. Results from the model
indicate that tree canopies serve to reduce soil mois-
ture stress of under canopy vegetation in the middle of
the rainfall gradient, while at the dry end of the rain-
fall gradient the effect of tree canopies on soil moisture
is dependent on the amount of rainfall received in a
given growing season. These findings are used within a
modeling framework to assess the relationship between
vegetation pattern and subsequent structural dynamics
of mixed tree/grass ecosystems in southern African sa-
vannas. Special attention is given to the potential for
woody vegetation encroachment in southern African sa-
vannas under varying levels of climatic change and al-
tered land tenure.

B51B MCC: 3002 Friday 0800h

Soil Carbon Changes With Biomass
Removal (joint with A, GC)

Presiding: R Follett, USDA
Agricultural Research Service; J
Kimble, USDA Natural Resources
Conservation Service

B51B-01 0800h INVITED

The Effects of Residue Management on
Soil Carbon Sequestration in the U.S.
Cropland

Rattan Lal1 (614-292-9069; lal.1@osu.edu)

Ron Follett2 (970-490-8220;
rfollett@lamar.colostate.edu)

John M Kimble3 (402-437-5376;
johnkimble@usda.gov)

1Rattan Lal, The Ohio State University 2021 Coffey
Road, Columbus, OH 43210, United States
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Ft. Collins, CO 80522, United States

3John Kimble, USDA-NRCS 100 Centennial Mall
North, Lincoln, NE 68508, United States

The cropland area in the U.S. is 157 Mha or 17.1%
of the total land area of 916 Mha. Of this, 119 Mha is
rainfed, 22 Mha irrigated and 16 Mha idle cropland.
Some steeplands and other marginal soils are prone
to accelerated erosion and other soil degradative pro-
cesses. Total cropland are subject to accelerated ero-
sion is 44 Mha, and secondary salinization occurs on
0.2 Mha of irrigated cropland. Conversion of plow till
to conservation tillage, residue management, incorpo-
ration of cover crops in the rotation cycle, integrated
nutrient management, and restoration of degraded soils
are among the recommended management practices to
sequester C and improve soil quality. The potential of
soil C sequestration in the U.S. cropland is 45 to 98 Tg
C/y for adoption of recommended management prac-
tices, 9 to 13 Tg C/y for CRP, and 13 to 31 Tg C/y for
restoration of eroded cropland. This potential is con-
tingent upon return of crop residue mulch and other
biosolids so that C input into the soilscape exceeds the
C losses by mineralization, erosion and leaching. How-
ever, with growing interest in alternate uses of crop
residues (e.g., biofuel), it is important to assess the
soil-specific needs for soil C sequestration and to esti-
mate the amount which can be spared for other uses.
Possible adverse impact of residue removal on soil C
sequestration may be minimized by growing a winter
cover crop which can compensate the loss of residue
and also, in the case of legumes, enhance soil fertility.
This presentation explores alternate uses of residue for
soil C sequestration and biofuel production.

B51B-02 0815h INVITED

Potential for ag residue collection,
economics and environmental benefits

James R Hettenhaus (704 541.9508;
jrhetten@ceassist.com)

Removing excess corn stover and cereal straws after
erosion requirements have been satisfied offers much
potential as a renewable feedstock for initial biore-
fineries, producing fuels, chemicals and materials while
reducing crop inputs, increasing farm income and
offsetting greenhouse gas emissions. Two biorefinery
site studies are presented for the production of fuel
ethanol: SW Nebraska and Western Oklahoma. Results
include excess available, delivered cost, net income to
the farmer, improved SOM from move to no-till and
GHG reduction from fossil fuel offset

B51B-03 0830h

Impact of Corn Residue Removal on
Crop and Soil Productivity

J. M-F Johnson ((320) 589-3411, ext. 161;
jjohnson@morris.ars.usda.gov)

W. W. Wilhelm2

J. L. Hatfield3

W. B. Voorhees1

D. Linden4

1USDA-ARS, 803 Iowa Ave., Morris, MN 56267,
United States

2USDA-ARS, 120 Keim Hall University of Nebraska,
Lincoln, NE 68583, United States

3USDA-ARS-National Soil Tilth Lab, 2150 Pammel
Drive, Ames, IA 50011, United States

4USDA-ARS, 1991 Upper Buford Circle, St. Paul, MN
55108, United States

Over-reliance on imported fuels, increasing atmo-
spheric levels of greenhouses and sustaining food pro-
duction for a growing population are three of the most
important problems facing society in the mid-term.
The US Department of Energy and private enterprise
are developing technology necessary to use high cel-
lulose feedstock, such as crop residues, for ethanol
production. Based on production levels, corn (Zea
mays L.) residue has potential as a biofuel feedstock.
Crop residues are a renewable and domestic fuel source,
which can reduce the rate of fossil fuel use (both im-
ported and domestic) and provide an additional farm
commodity. Crop residues protect the soil from wind
and water erosion, provide inputs to form soil organic
matter (a critical component determining soil quality)
and play a role in nutrient cycling. Crop residues
impact radiation balance and energy fluxes and re-
duce evaporation. Therefore, the benefits of using crop
residues as fuel, which removes crop residues from the
field, must be balanced against negative environmen-
tal impacts (e.g. soil erosion), maintaining soil organic
matter levels, and preserving or enhancing productiv-
ity. All ramifications of new management practices and
crop uses must be explored and evaluated fully before
an industry is established. There are limited numbers
of long-term studies with soil and crop responses to
residue removal that range from negative to negligible.
The range of crop and soil responses to crop residue re-
moval was attributed to interactions with climate, man-
agement and soil type. Within limits, corn residue can
be harvested for ethanol production to provide a renew-
able, domestic source of energy feedstock that reduces
greenhouse gases. Removal rates must vary based on re-
gional yield, climatic conditions and cultural practices.
Agronomists are challenged to develop a protocol (tool)
for recommending maximum permissible removal rates
that ensure sustained soil productivity.

B51B-04 0845h

Assessing Changes in Soil Carbon
Quantity and Chemistry in
Short-Rotation Hybrid Poplar
Plantations

Coeli M Hoover1 (814-563-1040; choover@fs.fed.us)

Kim A Magrini2 (303-384-7706;
kim magrini@nrel.gov)

Mark F Davis2 (mark davis@nrel.gov)

Peggy Payne
1USDA Forest Service,NE Research Station, Forestry

Sciences Lab PO Box 267, Irvine, PA 16329, United
States

2National Renewable Energy Laboratory, 1617 Cole
Blvd, Golden, CO 80401, United States

There is increasing interest in using short-rotation
woody biomass plantations as a source of fiber and
as a carbon neutral energy supply. Willow, poplar,
and alder are currently used in plantations in areas
ranging from the Lake States to the Northwest. As
with any cropping system, maintaining soil productiv-
ity through succeeding rotations is a key management
goal. Where plantations are used to provide carbon se-
questration benefits (i.e. bioenergy production), build-
ing and maintaining soil carbon stocks is of particular
concern. We sampled three hybrid poplar farms in the
Northwestern United States; all three farms are in the
rain shadow of the Cascades and are on sandy soils.
The farms share a similar land use history; originally
sagebrush, the land was in annual crops such as peas,
onions, and alfalfa, before conversion to poplar. At
each farm, soil cores were taken from a field in an-
nual crops, a first rotation poplar stand, and a sec-
ond rotation poplar stand. Although results varied by
farm, soil carbon concentrations were generally higher
in the first and second rotation poplar stands than in
the row-cropped fields; this was more pronounced in
the 0-5 cm and 5-10 cm depths. There were no appar-
ent declines in soil carbon concentration between the
first and second rotations. Soil carbon concentrations
under poplar were also higher than those in soils from
native sagebrush, the original land cover. Analysis of
the chemical composition of the carbon using pyrolysis
molecular beam mass spectrometry indicates that by
the second rotation, the chemical signature of the car-
bon resembled that found in materials taken from the
poplar trees.

B51B-05 0900h INVITED

Implications of Using Corn Stalks as a
Biofuel Source: A Joint ARS and
DOE Project

W. W. Wilhelm1 (402-472-1512; wwilhelm1@unl.edu)


