
https://doi.org/10.1016/j.agee.2018.12.014
https://pure.ulster.ac.uk/en/publications/b0f7a802-808e-4f36-b6bd-c5b851a2c990
https://doi.org/10.1016/j.agee.2018.12.014


Contents lists available at ScienceDirect

Agriculture, Ecosystems and Environment

journal homepage: www.elsevier.com/locate/agee

Field scale phosphorus balances and legacy soil pressures in mixed-land use
catchments

N.T. McDonalda, D.P. Wallb,⁎, P.E. Mellandera,b, C. Buckleyc, M. Shored, G. Shortlea, S. Leacha,
E. Burgessa, T. O’Connella, P. Jordane

a Agricultural Catchments Programme, Teagasc, Johnstown Castle Environmental Research Centre, Co. Wexford, Ireland
b Soils Environment and Land use, Teagasc, Johnstown Castle Environment Research Centre, Co. Wexford, Ireland
c Agricultural Economics and Farm Surveys, Teagasc, Athenry, Co. Galway, Ireland
d Local Authority Water Support and Advice Team, Limerick County Council, Co. Limerick, Ireland
e School of Geography and Environmental Sciences, Ulster University, Coleraine, Northern Ireland, United Kingdom

A R T I C L E I N F O

Keywords:
Soil test phosphorus
Field balances
Fertilizer use
Agricultural catchment
Nutrient management

A B S T R A C T

Reducing legacy soil phosphorus (P) is recognised as an effective measure to mitigate diffuse P losses from
agricultural landscapes and alleviate trophic pressure to freshwaters systems. Accounting for the distribution of
P within farms is critical in identifying fields of agronomic underperformance and/or environmental risk to
water as a consequence of inadequately managed re-cycling of P. There is also a need to understand how P use
and legacy soil P evolves under the Nitrates Action Programme (NAP) regulations from the European Union (EU)
Nitrates Directive. In an Irish case study the aim was to provide a systematic and detailed audit of P balance and
soil P responses and trends in two mixed land use agricultural catchments (Arable A and B) across a four year
study period. Driven by increased mineral P inputs the field balances in the Arable A catchment had an average
surplus P, ranging from 1.9 to 7.5 kg ha−1 yr−1. However, between the study period 2010 to 2013, the average
soil test P (STP) levels declined, with the area of excessive soil P concentrations decreasing by 8%. Similarly, in
the Arable B catchment the average annual P inputs increased the surplus field P from -0.42 to 25.5 kg ha−1

yr−1, but the area of excessive soil P concentrations increased by 4%. In part, this increase is attributed to some
fields receiving excess applications of organic nutrient forms above crop requirements. Whilst, the legacy soil P
declined in the Arable A catchment indicating a response to NAP, for both catchments it is evident that the
distribution of P sources within farms was poor and P inputs often did not match crop and soil P requirements at
the field scale. This study highlights the need for improved support to knowledge transfer mechanisms that can
deliver better farm and soil specific nutrient management planning strategies. Without this consideration,
achieving the dual benefits of improvement to water quality and increased crop output from agricultural
landscapes will be restricted.

1. Introduction

Legacy soil phosphorus (P), the residual store of P accumulated in
soils above agronomic requirements (Kleinman et al., 2015), is re-
cognised as prolonging the agricultural source pressure to freshwater
quality (Tunney, 2002; Cassidy et al., 2017; Withers et al., 2017). The
impacts can offset and overwhelm catchment mitigation measures to
reduce P input loads to agricultural systems due to the highly ad-
sorptive capacity of some soils to retain P and which, in small amounts,
is released slowly to natural runoff (Sharpley et al., 2013). Small P
fluxes from land relative to P inputs are, however, known to account for
water quality pressures and especially related to the eutrophication of

water resources (Withers et al., 2014a). Managing legacy P, therefore,
remains a challenge to both water quality and to catchment mitigation
measures that are often expensive to implement and carry an economic
burden (Buckley et al., 2012; Sharpley, 2016).

There is a recognition that further soil P accumulation to legacy
stores adds to environmental risk without benefitting agricultural
output and that, in areas of existing legacies, soil P mining is required
(Schulte et al., 2010; Sattari et al., 2012; Withers et al., 2014b). In these
scenarios, soil P drawdown is induced over time so that soil P con-
centrations become agronomically optimum but less environmentally
risky. This type of soil P management planning is written into guide-
lines and regulations where agricultural production is industrialised but
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