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T
he loss of N from intensively-managed

grasslands is much greater than imagined,

and can be equal to, or greater than those

from arable systems. This has serious financial and

environmental implications. A typical intensive dairy

farm, for instance, might import over 450 kg N per

hectare per year (mostly as fertilizer (80%),

purchased feed, and as natural N deposits from the

atmosphere) but only about 17% of this may be

recovered in meat or milk products. The rest is lost

to the environment. Therefore, it is in the interests of

farmers to improve fertilizer management (Figure

8.1). This would be beneficial both for profit margins

and in reduced environmental damage. 

How is nitrogen lost?
One of the main routes of N loss, especially on

coarse-textured soil, is nitrate leaching. This occurs

mainly during the winter, when percolating rainfall

carries nitrates down through the soil.  Concern

about the potentially harmful effect that nitrate can

have on the environment and human health led to the

formulation of European legislation for nitrate in

drinking water.  The EC limit is 11.3 mg N per litre,

and is to be implemented in the UK by December

1999. At IGER, North Wyke, we have developed a

mathematical model of the N cycle in grassland

systems ('NCYCLE') which predicts that peak nitrate

concentrations in drainage water could greatly

exceed the EC limit even when recommended levels

of fertilizer are applied (Table 8.1). 
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Figure 8.1  Precise application of fertilizer N to grasslands.
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Another problem is the loss of gaseous N, which is

produced by the action of microorganisms on soil

nitrate under warm, wet conditions. From a grazed

sward on a poorly-drained soil receiving 340 kg

fertilizer N per ha, about 90 kg N per ha per year can

be lost via this route. A portion of this gaseous loss is

as nitrous oxide which is a greenhouse gas having

200 times the warming effect of CO2 (on a per

molecule basis) and also removes ozone from the

atmosphere. 

Improving the efficiency of N use
There are two main means by which fertilizer may

be managed to improve N use efficiency:

The first is to take account of the mineral N

(ammonium and nitrate) already in the soil.  When

mineral N accumulates in the soil, it is susceptible to

the processes of loss.  Mineral N in the soil at the end

of the growing season is particularly at risk, since

uptake of N by the sward is reduced, and heavy

rainfall can cause nitrate leaching.  Soil mineral N

may have come from previous fertilizer dressings,

from applied slurry or from mineralization of

organic matter.  The amount of N that the soil can

supply through mineralization may be insufficient to

produce a yield acceptable to most farmers, but

nevertheless is a source of substantial quantities of

N.  Soil mineral N is taken into consideration to

some extent in current fertilizer recommendations,

by categorising the soil's N supplying potential.

There is, however, opportunity for much

improvement, by monitoring mineral N content

during the growing season.

A quick and reasonably priced method for the

analysis of ammonium and nitrate is now available.

The 'Rapid N Test' is an analytical device, developed

by scientists at IGER, North Wyke (Figure 8.2),
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Table 8.1 Examples of ‘NCYCLE’ predictions of peak nitrate concentration in drainage
water from a grazed sward

Annual fertilizer input kg N Peak nitrate
Soil type Sward characteristics per ha (units per acre) concentration (mg 

N per litre)

Sandy loam, well drained 7-10 year old sward, 340 (272) 43
with history of long-
term grassland

Clay loam, poorly 2-3 year old sward, 340 (272) 18
drained history of mixed ley

and arable use

EC limit 11.3

Figure 8.2:  Testing the soil for nitrate and ammonium using a
rapid field test
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which allows the farmer to make on-the-spot

measurements of mineral N. The use of this device

now forms the basis of a 'tactical' approach to

fertilizer application, developed at North Wyke. This

involves testing soil mineral N levels prior to each

fertilizer application, and adjusting the size of

subsequent dressings accordingly.  On-farm trials

showed that fertilizer input could be reduced by an

average of 28% whilst still maintaining yields. This

has the environmental bonus that nitrate leaching is

reduced by about 40%.

The second way in which efficiency of N use can be

improved is by applying fertilizer throughout the

growing season according to the relative efficiency

with which N is being used. High N systems are

generally less efficient than low N systems in terms

of the proportion of the total N that is recovered by

the plant (Figure 8.3).  Within this broad relationship

there is variation in N use at different times of the

year, according to the physiological stage of the crop

and the growing conditions (such as weather).  For

example, in May the system is efficient, and a large

proportion of the total N in the system is recovered

by the plant.  In August, by comparison, the system

is less efficient.  By taking account of relative

efficiency of N use,  application patterns may be

optimized for greatest N use efficiency.

Integrated soil testing approach
Both of these means of improving efficiency of N

use are incorporated in a new integrated soil testing

and modelling approach, developed at North Wyke.

Modelling allows the links between fertilizer use,

production (crop yield) and N loss to be explicit.

Therefore for a given system, crop yield and N loss

can be predicted for a specified annual fertilizer

total.  The new IGER model, "NFERT", aids

management by allowing the farmer to set targets,

which may be production-or loss-based.  Loss-based

targets may be particularly useful in designated areas

such as Nitrate Vulnerable Zones, in which farmland

must be managed in a manner which protects water

quality.  Having established the total fertilizer

required for a given target, NFERT defines the

timing and amount of fertilizer to be applied.  This

enables targets to be achieved with the best possible

N use efficiency.  The model provides two pieces of

information at any point in time; one which specifies

the mineral N that is in the soil (i.e. that which could

be measured) and the second which specifies the

optimum soil mineral content to achieve the

specified target.  This information is shown in Figure

8.4 along with the predicted optimum level of

fertilizer application (each month).

Soil testing through the growing season allows the

mineral N content of the soil, relative to the model's

prediction, to be checked.  In this way, fertilizer

dressings can be adjusted to take account of the

mineral N in the soil in order to achieve maximum

crop yield with minimal loss of N to the

environment. 
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Figure 8.3  Relationship between the annual flux of soil inorganic
N and the proportion partitioned to plant uptake. 



Teams at North Wyke and ADAS, Wolverhampton

have undertaken two years of model validation on a

number of dairy farms in the South West, and on

experimental field plots.  This involved the

preparation and application of mineral N profiles for

different targets on a range of soil types, sward ages

and annual rainfall rates.  Processes of N

transformation and loss in the soil, and levels of soil

mineral N were measured and compared to the

model's prediction of these processes.  The results of

this evaluation have led to refinements of the initial

model. 

Future developments
The next phase of the project is the construction of a

Decision Support System (DSS) for use on farms.

The workings of this system will be based on the

NFERT model, but development of an interface is

required, which will make the system user-friendly,

both in terms of the software design, and the

information that the DSS supplies and requires.

An integral part of this system will be the building of

a risk-assessment component, to quantify the

likelihood of meeting user-specified targets.  It is

only by providing an assessment of the uncertainties

involved that we can dissuade farmers from applying

'insurance' amounts of N fertilizer.

This research is funded by MAFF.

Contact:david.scholefield@bbsrc.ac.uk or
lorna.brown@bbsrc.ac.uk
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Figure 8.4  Example of the output from the NFERT model showing the soil mineral N profile and the soil N level required for a target of 10.3
t of dry matter production on a moderately-drained, sandy loam soil. The difference between the two is the amount of fertilizer which needs
to be added each month. 
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