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Editorial on the Research Topic
Hydrology, ecology, and nutrient biogeochemistry at the terrestrial-
aquatic interface

Terrestrial-aquatic interfaces (TAI) play important roles in mediating the exchange of
water and chemicals between land, surface and subsurface water systems, which is tightly
coupled with biogeochemical transformations that influence water quality and ecosystem
health (Harvey and Gooseff, 2015; Harvey et al., 2019). Understanding and predicting the
interactions between the hydrologic, ecologic, and biogeochemical processes at those
interfaces is crucial for the sustainable management of water resources and promotion
of healthy ecosystems under different environmental stresses and disturbances, including
climate change, human activities, and more frequent occurrence of extreme events. Both
process-based and data-driven approaches have emerged to address critical challenges at
TAIs as integral parts of the Earth system (e.g., Ward and Packman, 2019; Chen et al., 2021;
Dwivedi et al., 2022). In this Research Topic, we sought research that advances the
understanding of coupled hydrologic, ecologic, and biogeochemical processes along
various TAIs from the summit to sea, e.g., river corridors and coastal TAI systems. We
invited observational, experimental, theoretical, analytical, numerical, and data-driven
research that aims to understand hydro-biogeochemical processes such as the redox
dynamics and biogeochemical transformations of carbon, nutrients, and metals
occurring at the TAIs and address their heterogeneity and scaling challenges.

Hydrologic exchange and the associated biogeochemical processes show significant
spatial and temporal variability as the TAIs are subject to dynamic forcing over a wide range
of timescales. Barczok et al. study variability in soil redox conditions in response to seasonal
flooding in a vernal pond, which is a TAI that experiences intermittent flooding and drying.
Redox potential was measured at multiple soil depths (2–48 cm below the soil surface) in
shallow and deep sections within the lowland and upland zones. Measurements were taken at
a 10-min frequency over a 5-month period from late spring through early autumn, capturing
hydrologic shifts between drying and reflooding. It is found that the dynamic hydrological
condition in the lowland results in more dynamic redox conditions compared to the upland.
The intermittent reflooding resulted in multiple shifts between reducing and oxidizing
conditions in the shallow lowland while the deep lowland remained in reducing condition
following reflooding events. During the summer months, increases in redox potential lagged
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behind the drying out of surface water by up to weeks. In contrast,
each reflooding event of the vernal pond in the fall led to almost
immediate decreases in redox potential. Such heterogeneity and
dynamics in redox conditions caused by drying and rewetting have
significant impacts on multiple elemental cycling at the TAI, which
in turn depends on many factors such as microbial activity, redox
buffering capacity of the soil, and soil water retention properties.
Similarly, Kaymak et al. examine riverine particulate organic matter
(POM) along the TAI from the upper reaches of the Lyidere River in
Turkey to its mouth at the Black Sea. The region is characterized by a
steep topographic gradient driving high fluid and sediment fluxes
along a river dotted with cascading dams set in a human-dominated
landscape. They use statistical modeling of elemental and stable
isotope analyses of carbon and nitrogen in POM collected at 8 sites
along the river to discern the mechanisms that control spatio-
temporal patterns in POM composition and source. They show
that during wet season, hydrology dominates, homogenizing POM
composition. During the dry season, however, the human impacts
were evident. The spatial distribution of POM composition
exhibited effects of agricultural and industrial activities, and
differed upstream and downstream of dams. Importantly, this
study highlights the critical role that humans play along the
TAIs, in this case affecting riverine POM composition and fluxes
that drive biogeochemical cycles and estuarine food webs, with
implications for the global carbon budget.

Several other studies in this Research Topic further shed new
light on the vast human impacts that are becoming increasingly
more important but have been understudied. For example, Zong
et al. address the important urban-river-lake interface in a low-
income region, focusing on non-point source (NPS) nitrogen and
phosphorous pollution in Mwanza City, Tanzania, which lies on the
southern shore of Lake Victoria. There, as in other urban areas in
Africa and globally, rapid population growth has led to development
of informal settlements that include dense populations as well as
agriculture and livestock production while lacking sustainable
planning of water supply, sanitation, and drainage infrastructure.
By integrating land-use classification with a pollution load model,
they were able to analyze the spatial distribution of NPS pollution in
the city and estimate nitrogen and phosphorous loads to urban
surface waters. They show that the informal settlements were by far
the largest contributor of NPS pollution, highlighting a major need
for nutrient management in rapidly developing, low-income urban
areas. For agricultural landscapes, Srivastava et al. provided an
overview of various conservation practices and their effectiveness
in reducing flooding and improving water quality across watershed
and field scales. This review highlights that combinations of
conservation practices often outperform individual methods,
while their effectiveness varies with location and time. Assessing
the effectiveness of future conservation practice is further
complicated by the uncertainty in future climate projections.

In snow-dominated or snow-dependent regions, the
accumulation and melting of snow is a primary control of
streamflow seasonality and intermittency, directly impacting the
biogeochemical processes in TAIs from the head water to coastal
estuaries. Le et al. empirically explore the spatial and temporal links
between snow persistence (SP) and streamflow hydrograph shape
and variability during low-flow and high-flow conditions across
gradients of aridity and seasonality within the North American

continent. Their study found that SP is associated with lengthening
the duration of high-flow events over space and time, especially in
arid regions such as in the western US. More mechanistic
representation of snow accumulation and ablation processes in
watershed hydrologic and biogeochemical models will allow us to
quantify alterations in hydrograph’s flashiness, variability, and
duration of low-flow and high-flow periods under future climate.

Maher and von Blanckenburg investigate how plants and
regolith weathering and erosion control the cycling of nutrients.
Regolith here refers to the weathered layer above the bedrock and
includes both saprolite and soil. A simplified plant-growth model
was linked with a regolith weathering model to track the fate of rock-
derived nutrients (RDN), such as phosphorus, potassium, and
calcium, from primary minerals in bedrock to their assimilation
by plants and loss via erosion and chemical weathering. Operating
under steady-state conditions, the study considers a range of regolith
parameters that could affect both plant growth (e.g., thickness) and
chemical weathering export (e.g., mineral dissolution rate, erosion
rate and water flux). They found that higher plant growth rates were
correlated with thicker regolith and lower water flow but were not
significantly influenced by biogenic mineral dissolution. Moreover,
the study revealed that biologically enhanced RDN dissolution
mainly impacts chemical weathering exports at unusually high
erosion rates—conditions that rarely occur on the surface of the
Earth. These findings underscore the need to account for the
complex interactions among the biosphere, regolith properties,
and erosion rates when studying nutrient cycling.

Riparian zones serve as crucial links between terrestrial and
aquatic ecosystems with key roles in nutrient cycling of carbon,
nitrogen, and phosphorus. Stutter et al. introduce a new concept
referred to as the Reactive Riparian Interface (RRI), which can be
viewed as a dynamic “gatekeeper” for nutrient transfer within
landscape spatio-temporal frameworks. They urge
interdisciplinary research that effectively merges ecology,
biogeochemistry, and climate science. They also stress the need
to develop adequate spatial frameworks that capture multi-nutrient
cycling to enable more accurate projections across multiple scales
while considering climate sensitivities.

Collectively, there still exist major data and knowledge gaps in
understanding the hydrologic and biogeochemical processes at TAIs,
especially an interdisciplinary gap in linking carbon, nitrogen and
phosphorus transformations. It is vital to consider the freshwater
continuum beyond the channel network and shift towards
interdisciplinary research that brings together expertise from ecology,
soil science, biogeochemistry, climatology, geomorphology, and
hydrology. Rapid progress in coordinated observations, experiments,
modeling and their integration is needed to improve our understanding
of the vulnerability of TAIs to natural and anthropogenic perturbations,
and ultimately to build computational frameworks to handle
topography–soil–water–climate physical and biogeochemical
observations and modeling from plot to watershed to continental
and global scales.
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