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Editorial on the Research Topic

Riparian Buffer Nutrient Dynamics andWater Quality

Effectively mitigating nutrient pollution from agroecosystems to protect water quality remains a
global challenge, particularly in the face of weather extremes related to climate change (Coumou
and Rahmstorf, 2012). While riparian buffers (permanently vegetated areas between cropland and
streams) are considered an important nutrient mitigation best management practice, nitrogen (N)
and phosphorus (P) removal varies widely and can be difficult to predict (Hill, 1996; Hoffmann
et al., 2009). More research is needed on site-specific factors and interactions affecting N and
P cycling and transport to help refine/validate riparian water quality models (Vidon et al.,
2018; Hassanzadeh et al., 2019). Specifically, studies focusing on interactions among hydrology,
soils, redox conditions, and riparian vegetation are needed to better predict mitigation potential at
field, watershed and inter-biome scales. In addition to inherent site factors, practical management
aspects affecting buffer efficacy are also important but understudied. Our Research Topic addresses
some of these important outstanding questions, including two papers evaluating P transport risk,
a hypothesis/theory article that advances our understanding of N biogeochemistry among riparian
biomes, and a study evaluating impacts of vegetation harvesting on plant community ecology and
nutrient uptake potential.

Georgakakos et al. investigated the impact of establishing a cattle-exclusion riparian buffer
(CERB) on sediment, total (TP) and soluble reactive P (SRP) concentrations and loads in a small
agricultural stream in New York, USA. Pre- (n = 51) and post-CERB stream water sampling (n
= 27) coupled with a calibrated stream flow model for the region were used to estimate sediment,
stream water TP and SRP export (for non-storm events). Whereas, the CERB significantly reduced
sediment and TP transport, SRP loads and concentrations numerically increased.While concluding
CERBs can reduce sediment and TP, the authors also highlighted potential complicating factors
contributing to sustained SRP loading, including formation of new surface runoff flow pathways in
the CERB, periodic failure of livestock fencing, and SRP desorption from legacy P sources.

Riparian plant communities can strongly affect buffer performance via influencing runoff
hydrology, nutrient uptake, and recycling. Hille et al. studied the impacts of riparian vegetation
harvesting regimes on diversity metrics and biomass yield potential using 112 plots (1 m2)
distributed between two sites in Denmark. Hierarchical clustering identified specific plant
communities which were harvested once, twice, or four times during the growing season by cutting
to a 5 cm stem height with removal of biomass. Compared to controls, all harvesting increased
diversity and richness for tall grass and tall herb fringe communities. The authors suggest that low
frequency harvesting may provide a management option to remove riparian nutrients while still
maintaining plant diversity.
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Riparian N attenuation mechanisms are fairly well established
at the site-level, however mechanisms operating across biomes
are less clear. Based on a synthesis over the past few decades,
Pinay et al. propose that riparian corridor structure shapes
overall stream morphology and N attenuation by controlling the
distribution of sediments, water flow, and redox conditions. They
further hypothesize that gross ammonification (transformation
of organic-N to ammonium-N) and net nitrification rates
(nitrate-N remaining after plant uptake) largely dictate N fluxes
across riparian biomes. Moreover, they suggest that relative
differences between net nitrification and gross ammonification
should reflect N vulnerable to leaching and/or denitrification
losses. Quantifying these N processes across biomes and climatic
gradients will provide important data to assess how riparian
zones and stream water quality react to climate change.

The importance of soils and redox conditions on SRP
desorption from buffer soils is an important but understudied
process (Bol et al., 2018; Vidon et al., 2018). Young and Ross
characterized P desorption potential to soil porewater (PW)
and mobilization to overlying floodwater (FW) using laboratory
microcosms over a 75-day incubation period. Results showed
that PW-SRP increased by as much as 8.4-fold, however FW-
SRP tended to decrease over time. They hypothesized that
oxidation of reduced iron at aerobic interfaces limited PW-
SRP mobilization to overlying water. The concentration of labile
extractable inorganic P was a reliable indicator of SRP release
to both PW and FW. They suggest that water quality/riparian
models should explicitly account for both labile soil P differences
and variable source area hydrology typical of riparian buffers to
better predict P release and transport risk.

Water flow pathways entering and exiting buffers (i.e.,
hydrology) often set the stage for potential water quality
functions. However, many unanswered questions remain with
respect to predicting specific buffer water quality functions
and potential nutrient attenuation tradeoffs. For example,
buffers that effectively remove nitrate-N in shallow subsurface
flows may simultaneously elevate SRP release risk due to
lower redox conditions. Future field and modeling studies
should better account for this mechanism and other potential
riparian “biogeochemical tradeoffs.” Besides additional targeted
research on soil, hydrologic, and plant community impacts on
buffer nutrient attenuation potential, land management also
plays a critical role by directly affecting on-site conditions
and buffer integrity, particularly in active agricultural settings
where cropping and grazing practices can easily override the
importance of other factors influencing nutrient removal. Future
buffer research should strive to integrate both hydrogeochemical
and management-related factors affecting nutrient attenuation
potential to better predict buffer water quality functions in
diverse landscapes.
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