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Abstract 

The intensity of food production sector results most of the time in 
depletion of soil nutrient reserves. Agroecosystems long-term sustainability 
depends on continued inputs of nutrient (PUlA et aI., 2001) ji-om which 
phosphorus (P) is an essential element which often is also the most limiting 
nutrient. The majority of food production systems depend on the addition of 
fertilizers, which represent a finite resource since they are produced ji-om natural 
minerals. Predictions on how much time we have before such resources run out 
for phosphorus can be expressed in terms of decades rather than centuries. 
Therefore is essential in our attempts to improve our ·knowledge of these 
processes because accurate management of mineral resources becomes a 
priority when developing sustainable herbage production systems where 
economic and environmental issues are the main considerations (EHLERT et al. 
2003; ABBOT alld MURPHY 2003). 
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INTRODUCTION 

Phosphorus (P) is an 
essential element for all living 
organisms, however, often is the 
most limiting nutrient. Due to the 
necessity of this element for 
cellular function, P deficiency 
has a significant impact on plant 
growth and on their fertility 
(RUNGE-METZGER, 1995). 
For cultivated grasslands, where 
appropriate P nutrition is 
required for optimizing forage 
production, the aim is to meet 
crop needs, which are largely 
determined by the level of N 
supplied from soil reserves 

and/or organic or mineral 
fertilizers (JOUANY et. al." 
2011). Mineral P fel1i1isers have 
increased total P contents in the 
agricultural soils of industrialised 
countries (FAIRHURST et aI., 
1999), but application is still 
lagging behind in developing 
countries. On the other hand, in 
natural grasslands where the 
anthropic inputs are absent, 
biological cycling is a major 
process to consider in order to 
understand the relationships 
between grassland P fertility and 
species richness. Grassland 
management for nature 
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conservation purposes requires 
the maintenance of P-limited 
ecosystems because long-tenn 
high P availability is an obstacle 
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to the restoration of natural 
grassland (WASSEN et al., 
2005). 

PHOSPHORUS CYCLING IN GRASSLANDS 

Pathways of phosphorus into grassland systems 

The biogeochemical 
cycling of P has an extremely 
important role in determining the 
productivity of terrestrial 
ecosystems (BUNEMANN and 
CONDRON, 2007). Major 
global reservoirs of P are the 
oceans and the lithosphere, while 
less than 1 % is found in the three 
main compartments of terrestrial 
ecosystems, i.e. the atmosphere, 
plant biomass and the soil 
(STEVENSON and COLE, 
1999). In the atmosphere, P 
occurs only under highly 
reducing conditions as phosphine 
gas (PH3), while in soils is found 
largely in its oxidised state 
( orthophosphate). The proportion 
of soil organic P ranges from 20 
to 80% of total P. The mineral 
phase is thus much more 
important for P (KROUSE et al., 
1996). The main reservoir of 
phosphorus are the sedimentary 
rocks and volcanic eruptions 
(apatite and magma) from 
dryland which release into 
precipitation and surface water 

the phosphates from their 
structure. By washing the rocks 
by water leakage, a large amount 
of phosphate is engaged in the 
oceans where it is deposited In 

sediment depth. 
In grassland soils P is 

found in both mineral and 
organic fonns, with a ranging 
total concentration between 200 
and 1,100 mg/kg soil according 
to soil age (WALKER and 
ADAMS, 1958). Larger stocks 
are found in poorly developed 
young soils whereas the lowest 
concentrations occur in highly 
weathered ones (LAMBERS et 
al., 2008). P concentration in 
aboveground biomass is 
commonly reported to vary 
between I and 5 mg/g dry matter 
according to the growth stage: 
major nutrient concentrations 
decrease with biomass 
accumulation as a consequence 
of dilution with growth 
(LEMAIRE and GASTAL, 
1997). 
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Main processes inside the 
phosphorus cycle 

Grassland management 
for nature conservation purposes 
requires the maintenance of P
limited ecosystems because long
tcrm high P availability is an 
obstacle to the restoration of 
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natural grassland (W ASSEN et 
at., 2005). Phosphorus cycling, 
presented in Figure 1, is 
controlled simultaneously by 
geochemical and biological 
processes (FROSSARD et aI., 
1995). 

Figure 1. Phosphorus cycling 
Source: http://reefkeeping.com 

In natural grassland P 
fluxes are lower and are directly 
controlled by plant and animal 
residues through decomposition 
process developed, on the soil 
surface. The inputs of organic 
matter result in uneven 
availability of nutrient and, 
consequently, vegetation 
dynamics. 

Generally the available 
phosphorus is taken up from soil 
by plant roots or by bacteria and 
fungi. Bacteria and fungi differ in 
the way they immobilize P, 
which alters subsequent 
redistribution of organic P (Po) in 
soil (HEDLEY and STEWART, 
1982). Plant production potential, 
shown using as test plants 
Agrostis capillaris and Trifolium 
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repens (HARRlSON and 
HORNUNG 1983), is highly 
significantly negatively related to 
the proportion of the soil 
phosphorus in the organic fonn 
(HARRISON, 1985). The uptake 
of phosphorus by the grass sward 
varies with swards seasonal 
growth pattern and by 
temperature and moisture 
conditions. In low-phosphorus 
soils, P taken up by some plants 
in one period of the year may be 
temporarily stored to support 
growth in other periods when 
conditions are unfavorable for 
uptake or when the soil is 
depleted (GRIME, 1979). 

The patterns of 
phosphorus uptake by the sward 
may be influenced as well by 
rooting depths of the different 
plant species present 
(GOODMAN and COLLISON, 
1982). Some legume species, 
including Lupinus albus, are 
nonmycorrhizal but fonn cluster 
or proteoid roots in P-deficient 
soils (SHANE and LAMBERS, 
2005) which allow them to 
mobilize phosphate in the 
rhizosphere. 

Phosphorus returns 
through the processes of organic 
matter decomposition and 
organic mineralization through 
soil micro-organisms and fauna, 
and by surface leaching through 
rainfall . 

The availability of 
phosphorus is controlled by the 
mineralization processes. 
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Mineralization rates of P depend 
on the availability of solution P 
to the microbial population 
because the C:P ratio of the 
bacteria and fungal biomass 
influences mineralization rates 
(CHAUHAN et at., 1981). These 
are dynamic processes which 
interfere with the seasonal, 
climatic and soil conditions. 
These play an important role in 
phosphorus cycle maintenance 
and hence the fertility of the soil. 
The repeated input of organic 
amendments such as animal 
manure, composts, or plant 
residues usually results in higher 
soil organic matter content and in 
larger soil microbial biomass and 
activity compared to soils 
recelvmg mineral fertilizers 
(BUNEMANN et at., 2004c). 

PERKINS, 1978 showed 
through one experiment 
conducted on a AgrostislF estuca 
sward from North Wales, grazed 
by sheep that the annual plant 
uptake of phosphorus (16 kg 
P/ha/yr) is higher than the total 
amount returned to the soil in 
plant litter, by root death and 
through sheep faeces (14 kg 
P/ha/yr), because an estimated 
1.2 kg P/ha/yr is lost from the 
site in faeces excreted by sheep 
on to lower ground when they 
camp during the night. When 
legumes are used as animal 
forage, management of animal 
excreta becomes a key issue 
because, e.g., growing beef cattle 
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and lactating cows convert 
approximately 15 and 25% of 
dietary P into carcass and milk P, 
respectively, and the rest goes 
into manure (SATTER et at. , 
2005). Changes in grazing 
pressure by seasonal grazing 
management may alter the 
amounts of phosphorus returned 
in urine and faeces, and hence 
amplify the natural seasonal 
pattern of available phosphorus. 
In cultivated grasslands, the 
intensity of the P flux leaving the 
system (output) is a direct 
function of N management 
regime (WATSON and 
MATTHEWS, 2008). Exhaustion 
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