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Phosphorus and grassland soils

Phosphorus (P) plays an essential role in agriculture

and in all forms of life.  Mammalian respiration,

photosynthesis, microbial turnover and decomposing

litter all require  P in various biochemical forms.  In

grassland systems, P is needed for seed and root

formation, maturation of crops, crop quality and

structure and the accumulation and release of energy
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Figure 10.1 Eutrophication is associated with unsightly and toxic aquatic plant growth and can be caused by phosphorus transfer from

grassland soils.
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during cellular metabolism.  In order to sustain these

qualities, P is added to grassland soils from

fertilizers or as animal manures, derived from

fodders and concentrates. In a year, a typical dairy

farm imports about 2.5 t of P, from these sources.

The largest proportion can often come from

concentrates and this finds its way onto soil

eventually, either as dung or spread slurry and

manure.  The annual P export in milk and calves is

only about 1 t and consequently, there is an annual

surplus going to soil, equivalent to about 26 kg P per

ha. 

In the past, this was not a major cause for concern,

because P had  been considered to be readily sorbed

onto soil particles or immobilised in soil biota, so

losses in leaching and runoff were always thought to

be minimal. Grassland farmers were therefore

encouraged to add superphosphate and other

fertilizers to sustain production, without fear of

agronomically significant losses to water. 

Phosphorus and water quality

However, what has been traditionally thought of as a

small loss in runoff and leachates from the farm is

now considered to be a serious threat to water

quality. Only small concentrations of P are required

to cause eutrophication and the proliferation of toxic

algal blooms (algae will grow at P concentrations as

low as 10 µg per litre. See Figure 10.1) .  As well as

being ecologically undesirable, algal blooms have

resulted in livestock deaths and sickness in humans.

Recent findings by IGER scientists show that P

concentrations in runoff from grassland may be over

ten times higher than those known to induce algal

blooms.  Particularly vulnerable times for transfer

are when rainfall follows application of fertilizer or

slurries and, in one example, a loss of 0.5 kg total P

per ha was recorded when two days of rainfall

followed fertilizer spreading.  Grassland farming,

therefore, presents a potentially major source of

diffuse P pollution and the IGER research

programme has focused on understanding processes

and mechanisms relating to P transfer.

Phosphorus forms

The main two categories of P which are found in

waters are total phosphorus (TP, that is all the P in

water) and dissolved reactive phosphorus (DRP),

less than 0.45 microns in size, so called because in

analytical chemistry it reacts with molybdenum in a

colour reaction and is considered to be generally

representative of free phosphate, a component of TP.

The DRP fraction has been found to be highly

changeable during storage and this may have led to

incorrect values being determined.  IGER scientists

have overcome this problem by developing new

methodologies for the storage and handling of soil

solution samples.

Phosphorus pathways

Phosphorus transfer from soil to water is associated

with different hydrological pathways and at IGER

North Wyke most of the research has focused on

transfer from 14 x 1 ha sized plot lysimeters, the

Rowden Experiment.  The plots are managed as

grazed grassland on gently sloping land which does

not allow water to percolate below 30 cm depth,

because of an impermeable clay layer, typical of

many grassland soils.  Consequently, water sampled

on the down slope of the lysimeters represents a

composite of surface plus interflow, the latter being

the water which moves down the slope in the 0-30

cm soil layer.  Seven of the lysimeters were drained
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to a depth of 85 cm, presenting an additional

pathway for water sampling.  During periods of high

flow, hourly sampling was undertaken using

automatic samplers (Figure 10.2).

The TP concentration has been found to be greatest

in the surface plus interflow pathways. Mean TP

concentrations in this 0-30 cm layer were 232 µg per

litre in undrained soils and 152 µg per litre in the

drained plots. In addition,  a further 132 µg per litre

was found in the water leaching through the 30-85

cm layer of soil in the drained plots. In all pathways,

the DRP is the dominant single fraction. Further

investigations have found that the DRP fraction was

not really “dissolved”, rather it comprised a

continuum of particulate, colloidal and molecular

sized material with molecular weights of less than

1000 daltons (Figure 10.3).  About 50% of the P

determined in the drains was in an organic form. 

In conclusion, P concentrations found in drainage

could cause eutrophication in surface waters and the

total export was estimated to be 2-3 kg per ha per

year.  Draining land reduced the TP transfer by about

30% and IGER scientists are investigating possible

mechanisms.

The future

Priorities in the IGER P transfer programme are in:

• Separating the role of different transfer

pathways, in particular studies on leaching

(vertical movement through soil) as opposed to

runoff (lateral movement off slopes), where

previous emphasis has been.

• Understanding the role of animal excreta and

animals manures in contributing to P transfer,

particularly since so much P is imported to dairy
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Figure 10.2 Automatic water samplers are used to take hourly samples during periods of peak discharge from lysimeters.
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farms via concentrated feeds.  

• Determining the role of biological mechanisms

in releasing P into soil solution.  Effects of soil

biology and the role of organic P have been

under-represented in this process.

• Understanding the importance of colloidal forms

of P.

• Scaling up information from field to farm to

catchment areas.

The IGER research programme is moving towards a

better understanding of P on the farm level, so that

farmers can get maximum benefit, whilst minimising

impacts on water courses. 

Common sense management responsibilities should

involve spreading farm wastes and fertilizers at

times which avoid rainfall and runoff.  Phosphorus

balances on the farm scale are to be encouraged and

this will be achieved by soil testing and better co-

ordination in the application of fertilizers and

manures.  There is little point in buying in surplus P

to the farm if it is going to accumulate in soils and be

of little agronomic value, ultimately threatening

water quality.

This work is being funded by the Ministry of

Agriculture Fisheries and Food and the Natural

Environment Research Council.
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Figure 10.3 Size distribution of reactive P in soil runoff: colloidal and low molecular size forms.
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