
I G E R  I N N O VAT I O N S 2 0 0 3

Nutr ien ts  in  Rivers

Nitrogen Leaching 60

Phosphorus transfer 61

Scales of research 62

Conclusions 63

Phi l  Haygarth ,  David  Schole f ie ld  
& Steve  Jarvis

Iger-2003  26/6/2003  9:13 AM  Page 61



rassland systems require nutrients to enhance

and sustain production.  Sometimes these

nutrients can ‘leak’ and contribute to problems in

river water quality.  Because grassland landscapes

are dominant in much of England and Wales, the

geographical impact of nutrients originating from

grassland in rivers is potentially high. When

nutrients leak into waterways, they can undermine

the ecology of freshwater environments, through

acidification and eutrophication, resulting in major

changes in the species composition in biotic

communities, with generally a reduction in diversity

and changes in productivity.  There are also

associated political pressures from the European

Nitrates Directive and, more recently, the European

Water Framework Directive to address riverine

quality in context with agricultural landscapes and

river basins (Figure 10.1).  IGER has contributed

much to the understanding of the mechanisms and

processes of nutrient losses from grassland soils,

with the main focus being on nitrogen (N) leaching

and phosphorus (P) losses.  

Nitrogen Leaching

The N cycle is characterised by different forms of N

and, historically, nitrate is the particular form that

has been most associated with leaching to rivers.

Because it is negatively charged, nitrate is not
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Figure 10.1  We are studying riverine quality in context with agricultural landscapes and river basins. 
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readily adsorbed onto soil colloids and thus it is

present in soil solution and readily leached.

Leaching potential is governed by soil type and

structure (there is a higher leaching potential in

easily drained soils), rainfall patterns and the supply

of easily leached N.   Higher rates of mineralisation

occurring in autumn after dry summer periods can

result in substantial quantities of N being available

for leaching, as the assimilative capacities of

grassland plants decline.  Recent innovations at

IGER have, however, demonstrated that other forms

of N, particularly nitrite and organic N compounds,

can also leach and may also contribute to problems

in rivers.  Nitrite is highly toxic to fish and we have

measured levels close to 1000 µg per litre under soil

plots and nearly 100 µg per litre downstream in the

River Taw, a grassland river catchment in Devon

(Figure 10.2).  These levels easily exceed the

European Union recommended nitrite levels of 3 µg

per litre for salmonids and 9 µg per litre for coarse

fish.  This study is particularly interesting, as it

appears that there is little effect of soil N

management per se on nitrite release and that peak

river concentrations occur in the summer.  Clearly

there are many challenges that remain for

understanding N leaching and its associated

hydrology in complex landscapes and river

catchments.    

Phosphorus transfer

Phosphorus is also relatively easily leached to rivers,

particularly where a history of management means

that soil P levels have become elevated from imports

of P in fertiliser and animal feeds.  Inorganic

phosphate traditionally has been thought to be the

most common in leachate, but we have recently

shown that organic P can also leach under soils,

particularly in a form called inositol phosphate

(more commonly called phytic acid) (Figure 10.3).

However, P can also be mobilised by physical

processes, i.e. detachment of soil particles with P

attached.  The interaction between hydrology and

farm management practice is also particularly

important for P transfers.  For example, when

applications of manure or fertiliser coincide with
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Figure 10.2  Nitrite-N concentrations (µg per litre) have been
measured in a range of riverine sites in Devon.  Levels are low
(3 µg per litre) in upstream regions (a) but often are very high in
the lower reaches (b) of rivers (up to 100 µg per litre). The
European Union recommended nitrite levels are 3 µg per litre
for salmonids and 9 µg per litre for coarse fish.
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Figure 10.3  Organic phosphorus forms have been determined in
leachate under grassland, using HPLC separation techniques
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conditions favouring fast storm discharges of excess

water, they result in direct transfers of high

quantities of P to rivers.  Our research has shown that

management and control of P loss from the

landscape is particularly difficult because the

biochemical processes that contribute to leaching are

separate from the physical detachment of particles

that are, in turn, separate from direct transfers.

Clearly an interdisciplinary approach to

investigating P transfers is necessary.

Scales of research

Future innovation and understanding of nutrient

losses to rivers will arise from a change in emphasis

in both the spatial and temporal scales at which we

focus our research.  In a spatial context, historically,

our scale has mostly been confined by the tools

available such as lysimeters (isolated blocks of soil-

plant-livestock systems).   Lysimeters help us to

isolate mechanisms and to test ways to mitigate

nutrient losses, using controlled experiments and

testing specific hypotheses.  Increasingly, we are

balancing this with work at a larger scale, making

new advances by measuring nutrients in ‘real’ rivers.

By making empirical observations of patterns in

complex, unreplicated river basins we can, with all

the associated uncertainty, reveal new patterns and

feed back new questions to our research.  Ultimately,

these can lead to formation of different hypotheses

for our mechanistic experiments at smaller scales.

One example of this approach arose out of some long

term temporal monitoring of P leaching under

grassland.  High resolution seasonal patterns

revealed a high ‘flush’ of leached P from soil in the

late spring, when freshly dried soil became

temporarily rehydrated with spring rain (a similar

but less obvious pattern was also determined at the

start of autumn).  This led us to formulate a new

hypothesis that rapid wetting and drying of soil

played an important role in P release to solution.  The

results were remarkable and conclusive: high

resolution temporal changes in soil water status

caused dynamic changes in soil solution P chemistry

that resulted in a more than ten-fold increase in P

release (Figure 10.4), mainly as organic forms from

the soil microbial biomass.  Inspired by the benefits

of this type of research, we are now placing

increased emphasis on high resolution monitoring of

nutrients in rivers, driven in part by our advances in

sensor technologies in collaboration with our

colleagues at Plymouth University (Figure 10.5).

We have started monitoring N and P in rivers using

novel ion selective electrodes that enable data to be

gathered with a resolution of minutes, (rather than
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Figure 10.4  High resolution wetting and drying of soil causes high concentrations of phosphorus (P) to leach to soil solution
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hours or days). This is revealing fine periodicities

that we can now feed back to new understandings of

nutrient cycles and new approaches to nutrient

management in river basins (Figure 10.6).    

Conclusions
IGER is making advances in our knowledge of nutrient

losses from grasslands to rivers.  Placing new emphasis

on less conventional nutrient forms, such as nitrite,

organic N and P, has helped us to derive key new

understandings.  We have made our advances and

unique contribution by working at a range of scales

using a complementary mixture of (i) mechanistic

hypothesis testing at the small scale combined with (ii)

monitoring integrated patterns at the larger river

catchment scale.  New technologies to help collection

and analysis of high temporal resolution data will help

to reveal new patterns that will lead to further

innovations in our appreciation of nutrient cycles.

Ultimately, we aim to contribute to the development of

sustainable grassland systems that have minimal

nutrient losses to water, resulting in cleaner catchments

and helping government compliance with the Nitrates

and Water Framework Directives. 
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Figure 10.5  Novel ion selective electrodes have been developed for studying nutrients in situ in Rivers, in collaboration with colleagues at
Plymouth University  

Figure 10.6.  Nitrate-N levels (mg per litre nitrate-N) determined
by two different sensors at high resolution in comparison with
laboratory determinations of samples by segmented flow analyser
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Contact: phil.hargarth, david.scholefield or
steve.jarvis (@bbrsc.ac.uk)
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