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In order to use phosphorus more efficiently in an agricultural system, it is essential to have 

information about the P cycling in the soil/plant system. To trace P cycling we are using a new 

approach, namely the use of stable isotopes of oxygen bound to phosphorus. The  18O signature of 

phosphate ( 18OP) can be altered by biological processes, but under ambient temperature and the 

absence of biological activity the signature of the phosphate source is preserved.  

In order to see if and how plants are altering the  18OP values in a soil/plant system, we carried out a 

preliminary experiment. We set up two hypotheses. The first is that plants preferentially take up the 

lighter phosphate and leave the nutrient solution enriched with the heavier isotopologue. Secondly, 

we assumed that the phosphate in the leaves equilibrates with the leaf water, which is enriched in 

the heavier isotopologue due to evapotranspiration. We used three different plant species (Glycine 

max, Trifolium repens, Helianthus annuus), grown in a hydroponic system under constant 

temperature and relative humidity, and with a sufficient concentration of essential nutrients. After 

six weeks, the isotope signature of the remaining phosphate in the nutrient solution is similar to the 

value of the phosphate source, showing no preferential uptake of the lighter phosphate by the plants 

in a P-sufficient system. The signature of the roots is similar to the phosphate source; however this 

value is also close to the one calculated for the T-dependent equilibrium between water and 

phosphate (Longinelli and Nuti, 1973). The second hypothesis was verified. In fact, the signature of 

phosphate in the leaves is heavier than the source, with the obtained values close to what expected 

from equilibrium.  

To prove our first hypothesis we are performing a second experiment. We assume that plants 

fractionate more in a P limited system, leaving the nutrient solution more enriched with the heavier 

phosphate than in the case of a P-sufficient system. The experiment is also designed to test whether 

the phosphate in the roots is equilibrating with the water contained in the roots or if it keeps the 

 
18OP signature of the phosphate source. 
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