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Riparian zones along streams and other small wetlands perform important
ecosystem services in agricultural landscapes. They improve water quality by
retaining nutrients from through-flowing water, sequester carbon and attenuate flood
peaks at high discharge. At the same time, they have been shown to enhance
biodiversity at the landscape as well as regional scale. However, there is concern
about loss of biodiversity and enhanced greenhouse gas emissions where wetlands
have become overloaded with nutrient-rich surface water or groundwater (Verhoeven
et al. 2006). This paper identifies conditions for the best performance of riparian
zones and other small wetlands in agricultural landscapes in terms of nutrient and
greenhouse gas retention and biodiversity.

Agricultural activities result in diffuse pollution with nutrients, primarily nitrogen and
phosphorus. The biogeochemical behaviour of these two elements is quite different
and results in a range of different situations where either the one or the other is
creating major problems. The way the two elements are processed by wetlands is
also very different, which results in contrasting retention mechanisms and dynamics.
This different behaviour of N and P requires consideration in wetland restoration
initiatives. Two extreme examples are

(1) catchments with wetlands receiving subsurface drainage water from crop
fields or pastures as groundwater input. This water is often very rich in
nitrate and poor in phosphates (N:P ratios > 100). N retention in the
wetlands is effective and occurs as denitrification and, to a lesser extent, as
storage in vegetation and soil organic matter

(2) catchments with wetlands receiving surface runoff from crop fields and
pastures where much organic fertilizer is applied. This water is rich in
particulate nutrients and is high in N as well as P (N:P ratios <15). Wetland P
retention is dependent on soil chemistry (presence of Fe, Ca and Al) and on
sequestration in vegetation and soil organic matter.

Agricultural regions with catchments of the first category have large nitrate outputs
in their streams, which creates environmental problems especially in coastal areas
because there primary production is mostly N-limited. Examples of this are the
coastal eutrophication in the Baltic Sea around southern Sweden (Arheimer et al.
2004) and in the Great Barrier Reef area in NE Australia (Kroon and Brodie 2009). In
the Swedish region, numerous wetlands have been created to enhance nitrogen
retention from groundwater before it enters the stream. Because of the high N:P ratio
of the groundwater flowing into these wetlands, their P loading is quite small. This
creates opportunities for a high biodiversity, as productivity in freshwater habitats is
often P-limited. Such wetlands have been shown to combine nitrogen retention and
biodiversity enhancement at the landscape scale very well (Thiere et al. 2009).

Catchments of the second category have a more impervious soil so that water
drains mostly superficially as (sub)surface runoff. In such areas, nitrogen as well as
phosphorus loadings to streams are high, and riparian zones along the streams are



important for N and P retention. Riparian zone width is an important landscape
characteristic, with zones over 25 m wide showing more effective nutrient retention
(Mayer et al. 2007). As such riparian zones are loaded with N as well as P, their
nutrient richness increases over time, which often has a reducing effect on wetland
diversity, particularly in heavily fertilized catchments.

In regions where riparian zones are restored for nutrient retention, it is important to
take into account previous agricultural use of these zones. If there is a history of
agricultural use, soils may contain large amounts of phosphorous, which could be
released upon rewetting and lead to a very eutrophic status of the restored wetland
(Ardon et al. (2010). In such cases, only N retention may still be possible, while
combinations with biodiversity enhancement remain unlikely.

High nitrous oxide emissions have been identified in riparian zones used for N
retention and could be a concern which would diminish the overall environmental
benefit of riparian zones (Hefting et al. 2003, van den Heuvel et al. 2009). However, it
has been shown that nitrous oxide emissions mainly occur at pH values lower than 4.
Such conditions occur mostly in stream headwater areas only, whereas higher-order
streams and their riparian zones often have higher pH values, supporting effective
denitrification with low nitrous oxide emission (Van den Heuvel et al. 2011).
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