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Phosphorus leaching from agricultural soils and its prediction

LU Jia-Long  (Resources and Environmental Colleges Northwest Sci-Tech University of Agriculture and Forestry,
Yangling s Shaanxi 712100,China). Acta Ecologica Sinica,2003,23(12):2689~2701.

Abstract: Phosphorus (P) is an essential element for plant growth. It also is a key element for
eutrophication of water bodies. The loss of P from agricultural soils not only leads to a decrease in the
utilization ratio of fertilizers and an increase in the cost of agricultural production,but also gives rise to the
eutrophication of surface water and ground water. Eutrophication, caused by P enrichment, first came to
the fore in the 1960s, most notably in the Great Lakes region of the USA and Canada. In the following
decade, a host of other water bodies, suffering from varying degrees of phosphorus enrichment, were
identified around the world. There are two ways for phosphorus to enter water bodies-point source and
non-point source. Human beings did not pay enough attention to P loss from agricultural land to water
bodies until the 1960s because of its limited movement in soils. P may be lost from agricultural land to
water bodies by several processes. These include erosion, surface runoff and leaching. It is reported that
about 35% of the P inputs to natural waters now come from agriculture in the UK, 70% in Denmark, and
38% in Germany. Since most soils have a very high absorption capacity for P, usually far exceeding the
quantities of P added as manures or fertilizers, it has long been considered that leaching losses of P from
soil to water are negligible in most cases. The concentration of P required to trigger eutrophication in fresh
water is extremely small (as low as 0. 02~0. 035 mg P/L. The problem of P leaching from soil to water
was generally not considered important until the 1980s. When researchers first measured P losses in
drainage water in the UK and USA. It was reported that P in drainage water came {rom farmyard manure
applied to sandy soil. More recently, reports about P leaching from loam and clay soils were published.
Most researchers belive that the P in leach water is associated with the particulate fraction (PP).

However, Heckrath and Brookes found that dissolved reactive phosphorus (DRP), ranging between 66 %
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and 86% of total P (TP), was the largest fraction in drainage water from Broadbalk. One possible
mechanism involved in this could be preferential flow. Many factors, including climate factors, soil factors
and hydro-geologic factors, impact P leaching. Scientists now want to predict the trend of P leaching from
soil to water bodies. Two kinds of methods are currently used to predict P leaching. In one method,
predictions are based on certain soil properties. For example. Brookes et al suggested that the ratio
between CaCl,-extractable P and Olsen-P, termed “Change-point”, might be a useful predictor of the soil-
P concentrations at which there is significant risk of P movement {from soil to water. Van der Zee et al used
the phosphate saturation degree (PSD) to determine critical levels of P saturation in soil in terms of
maintaining acceptable P concentrations in the groundwater. Another way to predict P leaching is to use
mathematic models. Many models have been used. Meissner et al developed a model-MORPHO
(MOdelling of Regional PHOsphorus Transport ) to calculate flow and transport processes during re-
wetting. Initial modeling results about the variation of subsurface P-leaching losses for a selected site will
be presented and conclusions for the calculation of re-wetting scenarios, risk assessments and future work
will be derived. In order to reduce P leaching from agricultural systems, the overall goal should be to
balance off-farm P input in feed and fertilizer with outputs in harvested products, while managing soils in
ways that maintain productivity. Practical and innovative measures will be employed for the control of
agricultural P-leaching to water.

Key words :agricultural soils;phosphorus ;leaching;prediction method
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