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Characterizing rooting depth distribution and nitrogen acquisition by dominant tundra plant
species

Stan Wullschleger (wullschlegsd@ornl.gov) - Oak Ridge National Laboratory (Pl), Ingrid J. Slette, ORNL; Stan D.
Waullschleger, ORNL; Colleen M. Iversen, ORNL; Victoria L. Sloan, ORNL; Joanne Childs, ORNL; Richard J. Norby, ORNL
(Co-PIs).

Rooting depth distributions in Arctic tundra are an important factor controlling competition for water and nutrients
among plant species. Permafrost thaw and degradation resulting from climate warming may lead to altered thickness of
the active soil layer, and a changing vertical distribution of plant-available nutrients. Species with root distributions that
provide better access to nutrients in an altered soil profile may gain a competitive advantage. However, our ability to
predict how tundra plant communities will respond to such changes is hindered by the fact that little is known about the
rooting depth distributions and nutrient acquisition strategies of the dominant plant species.

During July 2013, we conducted an 15N isotope tracer experiment to assess the vertical distribution of nutrient acquisition
among three dominant species representing important plant functional types on the Barrow Environmental Observatory
in Alaska. We injected a solution of 15NH4Cl into the soil in either the organic horizon (3 cm), the mineral horizon (10 cm),
or at the permafrost boundary (~ 30 cm), beneath 10 A— 10 cm plots located in homogeneous patches of Carex aquatilis
(sedge), Eriophorum angustifolium (sedge), and Salix rotundifolia (deciduous shrub). One week later, soil cores and
aboveground plant material were harvested from the plots. Soil cores were sectioned by depth and roots were removed.
Soil organic matter and plant tissues were analyzed for 15N content.

An analysis of leaves and stems indicates that both sedge species acquired substantially more 15N from the mineral soil
layer than from the organic soil layer, whereas the shrub acquired 15N primarily from the organic soil layer. None of these
species acquired much 15N from near the permafrost boundary. The roots of the shrub were located almost exclusively in
the organic horizon, which is consistent with the patterns of nutrient acquisition for this species. Contrastingly, the roots of
the sedges, though most abundant in organic soil, extended throughout the soil profile, suggesting that root density does
not entirely explain the patterns of nutrient acquisition for these species.

Ongoing work includes further analyses of root distributions and of the 15N content of collected roots. Results from this
experiment will be used to develop better representations of tundra root dynamics and plant-soil interactions in models.
In the future, this experiment could be expanded to include more plant species and plant functional types, more forms of
injected nitrogen, or more labeling events in order to assess seasonal variation in nitrogen acquisition.
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