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Abstract

Riparian zones function as important ecotones for reducing nitrate concentration
in groundwater and inputs into streams. In the boreal forest of interior Alaska,
permafrost confines subsurface flow through the riparian zone to shallow organic
horizons, where plant uptake of nitrate and denitrification are typically high. Two
research questions were addressed in this study: 1) how does riparian zone nitrogen
retention vary in watersheds underlain by discontinuous permafrost, and 2) what is the
contribution of denitrification to riparian zone nitrogen retention? To estimate the
contribution of the riparian zone to watershed nitrogen retention, I analyzed groundwater
chemistry using an end-member mixing model. To assess the importance of
denitrification as a mechanism of nitrogen retention, I conducted field denitrification
assays using the acetylene block technique. Over the summer, nitrogen retention
averaged 0.75 and 0.22 mmol N m™ d”! in low and high permafrost watersheds,
respectively. Compared with the fluvial export of nitrogen, the retention rate of nitrogen
in the riparian zone is 10 — 15% of the loss rate in stream flow. Denitrification accounted
for a small proportion (3%) of total nitrogen retention in the riparian zone. Variation in
nitrogen retention between watersheds did not account for differences in stream nitrate

concentration between watersheds.
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Preface

The thesis is in manuscript format, and has been divided into two chapters.
Chapter 1 is a general review of the relevant topics related to riparian zone nitrogen
retention. Topics include the factors regulating denitrification, the role of riparian zones
as nutrient buffers, hydrologic models of riparian zone functioning, and permafrost
hydrology. Chapter 2 has been formatted for submission to Freshwater Biology, an
international peer-reviewed journal. This chapter contains specific methods, results, and
conclusions drawn from this study.
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Chapter 1. Introduction

Factors controlling denitrification

Denitrification is a microbially-mediated process whereby nitrate is reduced to
gaseous nitrogen (NO, N,O, N») under anoxic conditions. Environmental controls on
denitrification have been identified in a number of studies (Tiedje 1988, Schipper et al.
1993). The primary factors that regulate denitrification rate are oxygen, nitrate, and
organic carbon. There is also a suite of factors that indirectly influence denitrification,
including soil particle size, soil moisture, temperature, and pH. Spatial and temporal
variation of these parameters often accounts for the high variability of denitrification in
soil (Clement et al. 2002).

The occurrence of denitrification in nature is largely restricted to anoxic and
hypoxic habitats. Oxygen concentration in soil water is a function of both the supply of
oxygen to soil habitats and the rate of oxygen consumption (Tiedje 1988). The
movement of oxygen through the soil matrix is slowed by physical barriers (rocks, clay,
sand), biological barriers (plant roots, organic debris), and water (Naiman and Décamps
1997). While the presence of water in soil pore spaces decreases the diffusion rate of
oxygen, the movement of water through soil pores also serves as a vector of oxygen
transport. The rate of oxygen consumption in soil is regulated by the heterotrophic
respiration of organic carbon, which depletes soil of oxygen. Once oxygen becomes
depleted, facultative bacteria begin to use nitrate as an alternative electron acceptor

during the oxidation of organic matter (i.e., denitrification; Schlesinger 1997). In well-



drained soils where the diffusion of oxygen is fast, high rates of denitrification can
persist in soil microsites, where heterotrophic respiration depletes oxygen locally in small
pore spaces (Parkin 1987).

Nitrate supply is also an important control on the rate of denitrification (Tiedje
1988, Schipper et al. 1993, Holmes et al. 1996). The most common source of nitrate is
from nitrogen mineralization and the subsequent oxidation via nitrification. Groundwater
flow paths often serve as hydrologic conduits, delivering nitrate to the site of
denitrification. Nitrate availability in soil and groundwater is regulated by a number of
different processes. Plant uptake and microbial assimilation of nitrate compete with
denitrifiers for the available pool nitrate in soil and groundwater. Dissimilatory nitrate
reduction to ammonia is an alternative microbial pathway that results in the production of
ammonium instead of dinitrogen gas (Tiedje 1988). Nitrate is also a highly mobile ion,
and thus is susceptible to leaching losses.

Carbon limitation of denitrification has been observed in a number of studies
(Starr and Gillham 1993, Hedin et al. 1998, Hill et al. 2000). Organic carbon serves as an
electron donor for denitrification. The primary sources of dissolved organic carbon
(DOC) to denitrifiers are the decomposition and leaching of particulate organic matter,
and the production of organic matter via plant roots. As plants allocate resources to the
production of root biomass, a portion of the organic carbon is lost to the soil. This
process, which is known as rhizodeposition (Whipps and Lynch 1985), can fuel microbial
processes in the rhizosphere, such as denitrification (Brar 1972, Schade et al. 2001).

A number of other factors indirectly influences the occurrence and rate of



denitrification in nature, Soil moisture content can determine the extent of anoxic

zones in soil that allow for the reduction of nitrate via denitrification (Groffman et al.
1996, Clement et al. 2002). Soil texture is also correlated with denitrification rate; Pinay
et al. (2000) measured a high rate of denitrification in fine textured soils (high silt + clay
content). In soil with < 65% silt and clay content, no measurable denitrification was
detected. Temperature is also an important control regulating the rate of denitrification
(Groffman et al. 1996, Holmes et al. 1996). Whereas dinitrogen gas is the primary
product of denitrification, a small portion of nitrous oxide (N,O) is also produced. The
relative proportion of N,O produced relative to N is a function of pH (Firestone et al.
1980, Stark et al. 2002).

In this study, denitrification rates were measured using the acetylene block
technique (Yoshinari and Knowles 1976). Acetylene (C,H,) is structurally similar to
N0, and can block the reduction of N>O to dinitrogen gas (Ny) by inhibiting the activity
of nitrous oxide reductase. In denitrification incubations using the acetylene block
technique, the accumulation of N>O represents the total production of N> and N»O from
denitrification. An advantage of the acetylene block technique is that N,O can measured
at low concentrations on a gas chromatograph because the ambient background
concentration of N,O is low, unlike that of N,. One potential problem associated with the
acetylene block technique is that acetylene also inhibits nitrification. Acetylene blocks
nitrification by reacting with the active site of ammonium monooxygenase, the ammonia-
oxidizing enzyme of nitrifiers (Hyman and Wood 1985). Upon the removal of acetylene,

the enzyme remains inactive. Thus, only synthesis of new enzymes will restore



nitrification activity. By blocking nitrification, acetylene cuts off the production of
nitrate for denitrifying bacteria. In systems where denitrification is nitrogen-limited, the
acetylene block technique can underestimate unamended denitrification rate (Tiedje

1988).

Riparian zones as nutrient filters

Riparian zones are important locations for reducing nitrate in groundwater and the
input into streams (Lowrance et al. 1984, Peterjohn and Correll 1984). Plant uptake,
microbial immobilization, and denitrification are the primary mechanisms accounting for
the removal of nitrate from groundwater. Plant uptake temporarily retains nitrogen via
storage in biomass. Foliar nitrogen is returned to the available soil nitrogen pool when
the plant dies and is mineralized. Similarly, microbial assimilation of nitrogen
temporarily retains nitrogen in bacterial biomass until cell death and decomposition
release nitrogen back into the soil. In contrast to plant uptake and microbial assimilation,
denitrification results in the permanent loss of nitrogen from ecosystems to the
atmosphere as N».

There are several important features of riparian soil that influence the capacity to
function as nutrient filters. Riparian zones are located prominently within the landscape,
linking terrestrial and aquatic ecosystems. Thus, despite occupying a small area of land
relative to the entire catchment, riparian processing of nutrients is particularly important
(Gregory et al. 1991). Riparian soil is typically rich in organic carbon, which can serve

as an electron donor for heterotrophic processes such as denitrification (Schipper et al.























































































































































































