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Nutrient cycling in lowland permeable 
wetlands: the role of residence time

Professor Penny Johnes+ and Dr Mike Kennedy+*
+ Aquatic Environments Research Centre, University of Reading, * now University of Aberdeen

• Do riparian wetlands significantly modify surface 
water chemistry in lowland permeable catchments?

• To what extent are these wetlands bypassed under
high and low flow conditions by rapid flow through
the underlying gravels?

• Do we need to include riparian wetlands in
catchment scale models of nutrient flux to waters in
lowland permeable catchments

In many catchment management strategies, riparian 
wetlands are seen as potential buffer zones between 
land and water, reducing nutrient loading on waters. 
Wetland nutrient cycling can promote the transformation of aqueous N 
exported from agricultural sources to gaseous N2 (denitrification) and 
export of this matter to atmospheric sources, effectively reducing N flux 
from agriculture to water.  

Theory also suggests that P exported from agricultural sources will enter 
a long-term store in the wetland soils  and plant community, thus 
reducing P flux from agriculture to water

In this study, a full N and P budget was constructed for a wetland 
underlain by permeable bedrock.  This demonstrated highly efficient 
nutrient cycling, with transformation of the chemical forms of N and P 
entering the wetland from inorganic bioavailable forms (NO3

-, PO4
3-) to 

dissolved organic fractions in the water retained in the wetland.

Key questions

Riparian wetlands are hotspots 
for nutrient transformation

Riparian wetlands flush N & P rich 
waters to rivers during storms

Denitrification potential is low, and 
controlled by residence time
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• Soil porewater d15N values only slightly
higher than in groundwater (0.5 – 1 ‰)
implying a maximum 10% loss of nitrate
due to denitrification 

• Plant d15N values are only about 1‰
higher than for soil porewater, implying a
maximum of 25% loss of nitrate due to
denitrification of nitrate in soil porewaters.

• No isotopic evidence of substantial 
denitrification of nitrate delivered to the
wetland by groundwater
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- Reading University piezometers

Site instrumentation Wetland functional zones

16/11/96 
Total Dissolved N (TDN) 
concentrations in soil porewaters 
before the storm, at 20, 40 and 
60cm below the soil surface.

18/11/96
A wave of nitrate rich water enters 
the wetland from the direction of 
the dry valley at all depths as the 
storm develops

19/11/96 
At the height of the storm N 
concentrations are 5 times higher 
than beforehand.  Most of the N is 
Dissolved Organic N

23/11/96 
The remainder of the DON rich 
porewaters are flushed out to the 
river following the line of the 
proto-stream channel

The wetland acted as a nutrient store under low flow conditions, with 
most of the nutrients stored in the soil porewaters, the plant and the 
microbial communities

Clear functional zones were identified with the majority of water bypassing 
the wetland transformation capacity by flowing through the underlying 
gravels or along the proto-stream channel

TDN
(mg/1)
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High Groundwater -
wetland connectivity
(quick flow)

Some Groundwater -
wetland connectivity 
(slow seepage)

C1

D5

Transect A

Some evidence of 
riverine influence 
at depth, 40-60cm
Transect A
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PCS & dipwell nests

Piezometers

Soil Water 
Tensiometers

Atkins Borehole

Additional porous cup 
sampler nests installed to 
investigate seepage from 
adjacent STW

Dry valley alignmentHillslope

Hills
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STW Phosphaticrock 
(<5% P2O5)
Boxford quarry

Find out more…
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Contact: Penny Johnes p.j.johnes@reading.ac.uk


