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Introduction to the special issue: Developments in soil organic
phosphorus cycling in natural and agricultural ecosystems
Phosphorus is essential for life, but its availability often limits
productivity in both terrestrial and aquatic ecosystems (Elser
et al., 2007). From tropical rain forests to the open oceans, organ-
isms depend on organic phosphorus turnover for their phosphorus
nutrition and have evolved complex adaptations that allow them to
compete efficiently for this scarce resource (e.g. Lambers et al.,
2006; Whitton et al., 2005). Yet organic phosphorus continues to
be largely overlooked in biogeochemical, agricultural, and ecologi-
cal research, and remains poorly understood in comparison to inor-
ganic phosphorus. This limits our understanding of phosphorus
cycling in ecosystems, inhibits the development of sustainable ag-
ricultural practices, and constrains our ability to predict the re-
sponse of the earth's major biomes to global change.

In 2003, the first organic phosphorus workshop was held at Monté
Verita in the mountains of southern Switzerland. The meeting brought
together a multidisciplinary group of scientists seeking to unravel the
complexity of organic phosphorus in the environment. The resulting
book Organic Phosphorus in the Environment (Turner et al., 2005)
overviewed the state of the field at that time in a series of review chap-
ters on topics ranging from the detection of organic phosphorus com-
pounds in environmental samples to the dynamics of organic
phosphorus in terrestrial and aquatic environments.

Since the meeting in Monté Verita there have been a number of im-
portant conceptual and methodological developments that have signif-
icantly advanced our understanding of soil organic phosphorus
dynamics. Many of these were presented at two recent meetings on or-
ganic phosphorus in the environment. Organic Phosphorus 2013: Inte-
gration across Ecosystems was held in February 2013 at the
Smithsonian Tropical Research Institute, Republic of Panama (see
http://www.stri.si.edu/sites/organicphosphorus2013/index.html for a
list of presentations and extended abstracts). The Ecological Significance
of Soil Organic Phosphorus was held in July 2014 at the World Soil Sci-
ence Congress on Jeju Island, Korea.

This special issue is a product of these two meetings and brings to-
gether fifteen papers on the common theme of soil organic phosphorus
cycling. The papers cover a variety of subject areas, including soil ecolo-
gy, agriculture, microbial ecology, and ecosystem development, and in-
volve a variety of analytical techniques, such as nuclear magnetic
resonance (NMR) spectroscopy, enzyme hydrolysis, microbial sequenc-
ing, and stable and radioactive isotopes. Together, they provide a cross-
disciplinary insight into recent developments in organic phosphorus cy-
cling in agriculture and the environment.
http://dx.doi.org/10.1016/j.geoderma.2015.06.008
0016-7061/Published by Elsevier B.V.
Overview of the special issue: developments in soil organic
phosphorus

There has been increasing recognition of the finite nature of mineral
phosphorus reserves and their uneven political distribution at the global
scale (Cordell et al., 2009; Elser and Bennett, 2011). This has focused at-
tention on phosphorus recycling and efficiency in agriculture, including
the recognition of soil organic phosphorus as an important resource
with the potential to supply crops with phosphorus for many years
(Stutter et al., 2012). Several articles in the special issue focus on organic
phosphorus cycling in agricultural soils in temperate and tropical lati-
tudes. For temperate soils, an examination of soil phosphorus composi-
tion under contrasting agricultural management systems in the United
Kingdom reveals marked variation in the proportions of inorganic and
organic phosphorus and the chemical nature of the soil organic phos-
phorus (Stutter et al., 2015). However, this does not appear to reflect
differences in phosphorus inputs, because in a separate study the
long-term additions of organic fertilizers, including dairy manure, com-
post, and sewage sludge, to Swiss soils did not greatly alter the amounts
or chemical nature of soil organic phosphorus compared to convention-
al mineral fertilizer additions (Annaheim et al., 2015). In the tropics, a
study of Colombian pastures reveals that soil degradation reduces or-
ganic phosphorus concentrations via a decline in soil organic matter as-
sociated with macro-aggregates, demonstrating a link between soil
structure and the stabilization of soil organic phosphorus (Nesper
et al., 2015). It has conventionally been difficult to examine organic
phosphorus cycling in strongly weathered tropical soils such as those
in the Colombian pastures, due in part to problems in the use of the iso-
tope dilution method in soils with high phosphate adsorption capacity
(Bühler et al., 2003). In this issue, the development of a novel method
to quantify trace phosphate concentrations in strongly weathered soils
overcomes this problem (Randriamanantsoa et al., 2015), opening the
possibility of obtaining information on organic phosphorus mineraliza-
tion rates for tropical soils.

At the same time as efforts are underway to increase the efficiency of
phosphorus use in agriculture, there is ongoing concern about the im-
pact of phosphorus loss fromagricultural land on thequality of freshwa-
ter ecosystems, and increasing awareness of the role of organic
phosphorus in this process (Haygarth et al., 2005; Sharpley et al.,
2015). Three articles in the special issue focus on organic phosphorus
in freshwater ecosystems. The first uses solution 31P NMR spectroscopy
to examine the chemical nature of organic phosphorus in outflow from
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constructed wetlands in Florida, USA, revealing the abundance of labile
forms that could contribute to downstream eutrophication (Jørgensen
et al., 2015a). The second study reveals the persistence of elevated or-
ganic phosphorus concentrations in a Scottish lake following the cessa-
tion of point-source phosphorus pollution (Spears andMay, 2015). This
demonstrates that organic phosphorus cycling can hinder the rehabili-
tation of polluted freshwater ecosystems by maintaining dissolved
phosphorus concentrations for many years following reductions in
phosphorus inputs. Finally, organic phosphorus tends to be more mo-
bile in soils than inorganic phosphate and can therefore leach readily
through the soil to surface waters (Turner and Haygarth, 2000). This is
examined here for organic phosphorus compounds following poultry
manure amendments, revealing how organic phosphorus forms are
modified during leaching through the soil (Giles et al., 2015).

A major impediment to research on organic phosphorus cycling has
been the availability of procedures to detect and quantify organic phos-
phorus compounds in environmental samples. However, a number of
methodological advances have been made in the last decade. Solution
31P NMR spectroscopy continues to be the primary choice for character-
ization of organic phosphorus in soils and sediments (Cade-Menun and
Liu, 2014), and there is nowmore precise identification and quantifica-
tion of compounds. For example,methods have been developed to iden-
tify all four natural occurring stereoisomers of inositol
hexakisphosphate in a single analysis (Turner et al., 2012) and to quan-
tify soil organic phosphorus compounds by two-dimensional 1H–31P
NMR spectroscopy (Vestergren et al., 2012). The utility of solution 31P
NMR spectroscopy as a tool for identification of soil organic phosphorus
is reflected in the number of articles involving this technique in the spe-
cial issue. These include a number of methodological studies, including
the development of a technique to selectively extract inositol phos-
phates from soils using oxalic acid (Jørgensen et al., 2015b), an improve-
ment in signal detection by reducing the soil to solution ratio during
extraction of organic phosphorus (McLaren et al., 2015), a new ap-
proach to processing proportional data from NMR analysis (Abdi et al.,
2015), and an updated peak library to improve identification of signals
in 31P NMR spectroscopy (Cade-Menun, 2015). A novel chromatogra-
phy procedure is also presented in this issue, involving the determina-
tion of both organic phosphorus compounds and organic anions in
tropical soils (Waithaisong et al., 2015).

In terrestrial ecology, a recent emphasis on the links between pedo-
genesis and long-term ecosystem development has focused attention
on transformations of organic phosphorus over long timescales and
their influence on patterns of plant and microbial communities in the
landscape (McDowell et al., 2007; Turner et al., 2007; Vincent et al.,
2013). Two articles in the special issue focus on phosphorus transforma-
tions during long-term ecosystem development. The first reports de-
tailed information on soil phosphorus transformations along the
Cooloola chronosequence in Queensland, Australia (Chen et al., 2015).
The pattern of long-term soil phosphorus decline and increasing biolog-
ical phosphorus limitation at Cooloola is consistent with biogeochemi-
cal theory (Walker and Syers, 1976). However, the pre-weathered
nature of the parent sand means that the pattern of soil phosphorus
chemistry differs from that observed along other long-term
chronosequences (Peltzer et al., 2010) and is therefore most similar to
the Mendocino terrace chronosequence in California, USA (Izquierdo
et al., 2013).

A second article uses stable isotope ratios of oxygen (the 18O:16O
ratio, expressed as δ18O) in phosphate to examine phosphorus cycling
during long-term ecosystem development. This technique provides in-
formation on phosphorus cycling in freshwater and terrestrial ecosys-
tems (Jaisi and Blake, 2014; McLaughlin et al., 2006; Tamburini et al.,
2014) and was previously used to examine aspects of microbial phos-
phorus cycling along a short-term (150 year old) glacial foreland
chronosequence in Switzerland (Tamburini et al., 2012). This is extend-
ed here to the 6500 year Haast chronosequence in New Zealand, reveal-
ing the importance of efficient organic phosphorus cycling in
maintainingphosphorus availability during long-termecosystemdevel-
opment (Roberts et al., 2015).

Finally, there have been important recent advances in the identifica-
tion of microbial genes for the synthesis of phosphatases, the enzymes
that hydrolyze organic and condensed inorganic phosphorus com-
pounds to release orthophosphate for biological uptake. This work has
been conducted primarily in marine environments (e.g. Dyhrman
et al., 2006), with little application in terrestrial or freshwater ecosys-
tems. However, an article in the special issue reports that the bacterial
gene for alkaline phosphomonoesterase activity (phoD) has been exam-
ined in soils of a long-term management trial in Canada (Fraser et al.,
2015). The abundance of phoD correspondedwith alkaline phosphatase
activity in the soil, being greater in plots receiving organic fertilizer
amendments, but thediversity of organisms expressingphoDwas great-
er in soils under conventional management (i.e. receiving only mineral
fertilizer) inwhich alkaline phosphatase activitywas relatively low. The
broader application of this technique in both natural and managed eco-
systemswill provide important insight into microbial organic phospho-
rus cycling, particularly as it becomes possible to identify and quantify
the many of other classes of phosphatase gene known to occur in the
environment.

Collectively, the fifteen articles in this special issue provide insight
into current trends and developments in the study of soil organic phos-
phorus.We hope theywill inspire further research on organic phospho-
rus in the environment and look forward to the next organic
phosphorus workshop to be held in the Lake District, UK, in September
2016 (http://soilpforum.com/2014/10/20/first-announcement-the-
international-organic-phosphorus-workshop-lake-district-england-
2016/).
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