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The Role of Organic P in the Baltic Sea Region

The Baltic Sea is one of the most eutrophicated marine
bodies worldwide. It is essential to develop strategies to
close the agricultural P-cycle because only then P fertili-
zation will be sustainable and P losses reduced to an
unavoidable minimum. On intact soils that are sufficient-
ly supplied with P in order to achieve the site-specific
maximum yield a balanced use of mineral and organic P
sources complies with actual plant needs and exclusively
replaces P that is removed by harvest products. This is on
an average 22 kg/ha* yr P. Algorithms for the variable
rate application of mineral and organic fertilizers have
been developed and are a suitable tool to match the
small-scale spatial variability of plant available soil P
with P rates. The milestones of a study carried out in four
countries of the Baltic Sea Region are presented. These
reveal that on livestock enterprises excessive P rates are
applied particularly with pig and poultry manure though
the upper quantity of manure equaling 170 kg/ha N is
met. This caused P accumulation in soils over time and
bears an enhanced risk of P losses by surface run-off and
erosion. The result is eutrophication of the Baltic Sea and
its water quality in terms of light transmittance has been
deteriorating consistently during the past 60 years. Cur-
rent fertilizer practices on livestock farms and statutory
rules in the Baltic Sea Region are not convenient to re-
duce nutrient discharges to the Baltic Sea in a magnitude
that will reduce eutrophication. Based on current data it
is estimated that it will take at least 70 years to lower the
soil P status from excessive to sufficient if no P is applied.
Zero P application where the soil P status is excessive and
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Die Bedeutung organischen Phosphors im Ostseeraum
- Lehren, die gezogen werden miissen

variable rate application of manure in combination with
a strictly demand-driven application of P on sufficiently
supplied soils is imperative for a sustainable P use.
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Die Ostsee eines der am stirksten eutrophierten Meere
weltweit. Die Entwicklung von Strategien, die den land-
wirtschaftlichen P-Kreislauf schlief3en, ist unverzichtbar,
da die P-Diingung nur dann nachhaltig sein kann und
P-Verluste auf ein unvermeidbares Minimum reduziert
werden. Auf intakten Boden, die ausreichend mit P ver-
sorgt sind, um das Ertragspotential am Standort zu reali-
sieren, ist eine P-Zufuhr iiber mineralische und organi-
sche Diingemittel geniigend, die P, welches mit dem
Erntegut entzogen wird, ersetzt. Dies sind im Mittel
22 kg/ha* a P. Algorithmen fiir die rdumlich variable
Ausbringung im Rahmen der Prazisionslandwirtschaft
von mineralischen und Wirtschaftdiingern wurden ent-
wickelt, die die optimale Ausbringungsmenge entspre-
chend der kleinrdumigen Variabilitdt der P-Versorgung
im Boden reguliert. Im vorliegenden Beitrag werden die
wichtigsten Erkenntnisse einer internationalen Studie in
vier Ostseeanrainerstaaten vorgestellt. Diese zeigte, dass
insbesondere mit Schweine- und Hiithnergiille {iberpro-
portional viel P ausgebracht wird, auch wenn das obere
Limit von 170 kg/ha N eingehalten wird. Hierdurch kam
es auf den Boden iiber die Jahre zur Anreicherung von P,
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was wiederum das Risiko von P-Verlusten iiber Oberfla-
chenabfluss und Erosion stark erhéht und in direktem
Zusammenhang mit dem Problem der Eutrophierung der
Ostsee steht. So nahm die Wasserqualitét, welche zum
Beispiel mittels der Lichtdurchlassigkeit bestimmt wird,
in den letzen 60 Jahren kontinuierlich ab. Die derzeitigen
gesetzlichen Vorgaben und Praktiken bei der Ausbrin-
gung von Wirtschaftsdiingemitteln sind nicht ausrei-
chend, um die Eutrophierung sichtbar zu reduzieren.
Neue Studien deuten vielmehr darauf hin, dass es min-
destens 70 Jahre dauert bis die P-Versorgung von exzes-
siv auf ausreichend sinkt sofern kein P ausgebracht wird.
Deshalb ist der Verzicht auf die Ausbringung von P auf
Boden oder Teilflichen, die exzessiv hohe Gehalte auf-
weisen zusammen mit einer variablen Diingung, die
strikt dem Bedarf folgt, notwendig, um die P-Diingung
langfristig nachhaltig zu gestalten.

Stichworter: Eutrophierung, Giille, variable Diingung,
Phosphorstatus des Bodens

A sufficient phosphorus (P) supply of agricultural crops is
essential to maintain crop yields. P that has been re-
moved by agricultural crops with harvest products can be
replenished by mineral or organic P-sources. Important is
that P is 100% plant available (Scunug and DE Kok,
2016). In comparison, where excessive P rates are applied,
P accumulates in soils and is prone to be discharged into
water bodies. A high livestock density, which is common
in conventional agriculture, has been identified as the
main originator of P surpluses in soils. The reason behind
is that upper manure rates are based on a maximum
nitrogen (N) limit of 170 kg/ha N in form of farmyard
manure (Nitrate Directive) so that P rates exceed regular-
ly the nutrient demand of an average of 22 kg/ha P
(ANoNymous, 2004). Extensive data about the elemental
composition of different types of farmyard manures and
slurries in the Baltic Sea Region are provided by Rickamp
et al. (2013) and Hanekiaus et al. (2016). It is a
well-known fact that a direct link exists between high
stocking densities and nutrient losses to aquatic ecosys-
tems (CARPENTER et al., 1998; GRANSTEDT et al., 2008;
MCcCRACKIN et al., 2018; ScHNUG et al., 2001; SVANBACK et
al., 2019). It has been the aim of this analytical report to
recapitulate the contribution of agricultural production
to eutrophication, particularly of the Baltic Sea, to evalu-
ate the success of previous and current recommendations
to tackle the problem, and last but not least to outline a
roadmap for truly sustainable fertilizer management.

With view to the Baltic Sea, a semi-enclosed, brackish
sea, the sector agriculture is said to be responsible for
about 50% of the total diffuse nutrient loads (KAURANNE
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and KemppaINEN, 2016). Due to its geological and geo-
graphical distinctiveness, the Baltic Sea is extremely sen-
sitive to eutrophication (LARSSON et al., 1985). Eutrophi-
cation results in algal blooms and murky water, oxygen de-
pletion and a lifeless sea floor (KAURANNE and KEMPPAINEN,
2016). Oxygen deficiency in the deep-water was first rea-
lized in the 1960°s. At that time a link between riverine
nutrient loads and increase of anoxic areas in the deep
basins of the central Baltic Sea was established (ELMGREN,
2001; Voss et al.,, 2011). The transparency of water,
which has been monitored for the Baltic Sea since 1903,
is expressed as the Secchi-depth (Aarup, 2002). For the
Baltic Proper, a decrease of the Secchi-depth by —0.05 m/yr
has been determined from the Second World War until
the late 1990°‘s (SANDEN and HAKANSSON, 1996).

The monitoring of P concentrations in the Baltic Sea
over a longer time-period showed for the winter season a
positive trend for the concentrations in the surface waters
of all sub-regions of the Baltic Proper from the late 1950°s
to the early 1990°s. A considerable increase was especially
observed between 1969 and 1978; afterwards the concen-
tration strongly fluctuated on a high level but no signifi-
cant trends were analyzed (HELCOM, 1996). The resto-
ration will presumably take decades (SCHINDLER, 2012). It
is important to note that a shift from turbidity to a clear
state of water bodies occurs at lower P-concentrations than
from clear state to turbidity (JEPPESEN et al., 2007).

Table 1 shows the development of P and N inputs into
the Baltic Sea before the 20th century when the anthro-
pogenic influence (in form of point nutrient losses) was
relatively small in the mid 1980°s and in the time period
2010-2012. LarssoN et al. (1985) estimated that before
the 20th century there were no domestic and industrial P
inputs and the river-borne P inputs were approximately
10% of those in 1985. At that time municipal and indus-
trial P point losses peaked. Nowadays, the coastal point
sources for P have been successfully reduced by more
than 50% compared to the mid 1980°‘. However, the
non-point sources, including the massive nutrient inputs
resulting from agricultural actions, are still a major con-

Table 1. Estimated total P inputs (t/yr) into the Baltic Sea be-
fore the 20th century, in the 1980 s and in 2010-2012. Sources:
before 20th century and 1980s: Larsson et al. (1985); 2010-
2012: Svenpse et al. (2015).

Geschdtzter P-Eintrag (t/a) in die Ostsee vor Ende des 20ten Jahr-
hunderts, Ende der 1980er und zwischen 2010-2012. Quellen: vor
Ende des 20ten Jahrhunderts und Ende der 1980er: LArsson et al.
(1985); 2010-2012: Svenpsen et al. (2015).

Total P input (t/yr)

Before 20th century 9,600
1980s 77,700+
2010-2012 31,883

tMunicipal and industrial discharges included
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cern as the data for the time period between 2010 and
2012 show (Voss et al., 2011).

The plant availability of a nutrient does not only depend
on its soil concentration but also on its chemical specia-
tion (URE and DAVIDSON, 1995). The determination of the
speciation of fertilizer P provides an important insight
into the interaction of plant nutrients with other soil fac-
tors and consequent management practices in contrast to
the application of common standard P tests (GASSNER et
al., 2003). For a balanced nutrient application it is im-
portant not only to assess the instantly-plant available P
forms in the soil, but also all forms which may potentially
become available during the growth period (vaN NOORD-
WLK et al., 1990). GassNER et al. (2003) investigated envi-
ronmental factors that may influence the spatial specia-
tion of P in the soil. Ca-phosphates represented the spar-
ingly available P pool (P extracted by aqua regia diges-
tion), the absorption capacity of the soil was tightly
linked to the reversibly available P pool (P extracted by
ammonium acetate + 0.02 m Nay-EDTA) and the distri-
bution of manure closely related to the organic P pool
(calculated as the difference between total and inorganic
P). The readily available P pool, however, could not be
modeled sufficiently due to its high variance and random
distribution. The authors attributed the strong influence
of parameters such as mineralization, manure amend-
ment and plant uptake as the causal reason for variation
within these P-fractions. The dominating small-scale
variability of plant available P was attributed to the high
P supply of the fields investigated in their study. On fields
with a consistently high P-supply over several years the
small-scale variability of plant available P was most pro-
nounced.

Regularly manure applications, e.g. in the Baltic Sea
Region and water catchment areas in the U.S., exceed the
nutrient demand of the crops and nutrient flows to aquat-
ic ecosystems are directly linked to stocking densities
(CARPENTER et al., 1998; SVANBACK et al., 2019). Soils of
conventional livestock farms typically exhibit an exces-
sive soil P status. A sampling campaign in 2011 covering
86 agricultural fields in the 4 HELCOM-countries Esto-
nia, Finland, Germany and Poland which followed differ-
ent production systems (organic vs. conventional) and
fertilization practices (mineral vs. organic) underlined
the problem of a consistently higher P concentration on
soils which received manure for many years (see Fig. 1)
(HanekLAUS et al., 2016). Where pig slurry and chicken
manure had been applied soils showed the highest P con-
tent. In comparison the use of solid cattle manure and
slurry did not result in P accumulation in soils (RUckamp
et al., 2013).
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Within the Baltic Sea Region, manure application is re-
gulated by one of the oldest EU-environmental programs,
the Nitrates Directive (Council Directive 91/676/EEC of
12 December 1991 concerning the protection of waters
against pollution caused by nitrates from agricultural
sources), which ,aims to protect water quality across
Europe by preventing nitrates from agricultural sources
polluting ground and surface waters and by promoting the
use of good farming practices* (EC, 1991). In addition, the
Directive 2008/1/EC of the European Parliament and of
the Council of 15 January 2008 concerning integrated
pollution prevention and control (IPPC Directive) as well
as the Directive 2000/60/EC of the European Parliament
and of the Council establishing a framework for the Com-
munity action in the field of water policy (Water Frame-
work Directive) were the basis for the formulation of
guidelines for manure application rules with respect to P
losses. Based on the regulations and prohibitions of the
Nitrate Directive, codes of good agricultural practice
(GAP) have been developed and implemented in national
guidelines and regulations (HANEKLAUS et al., 2017). The
Marine Strategy Framework Directive (MSFD) comprises
a framework for the development of marine strategies
designed to achieve a good environmental status in the
marine environment (BorJa et al., 2010).

P from agricultural sources is (in contrast to N) not reg-
ulated by European legislation (EKARDT et al., 2016). The
current European as well as the German fertilizer and soil
regulations are estimated to be too weak to counteract
nutrient pollution resulting from agricultural actions
(ExARrDT et al., 2016). On the European level, a precau-
tionary concept for environmental issues is largely inex-
istent and within the field of soil protection, water qua-
lity, fertilizers and wastes legislation usually based on
orders and prohibitions, a command and control strategy
(HANEKLAUS et al., 2017; SVANBACK et al., 2019). EKARDT et
al. (2016) evaluated the chance of a success of such
administrative legal system as being only minor since the
implementation of an area-wide control system is not
feasible. Another risk would be the simple relocation of
the problems caused by nutrient surpluses by exporting
excess manure to other countries. In fact, it is important
to ensure the reduction of P application on a global scale
(ExarDT et al., 2016). Since current regulations are
lacking concreteness and real enforcement, a global
approach for closed agricultural P cycles is seen as the
only way to maintain food security, preserve geological P
reserves and to reduce losses to water bodies. This can be
achieved by implementing GAP codes and enforcement
of legal regulations (EXARDT et al., 2016).

The oldest framework for a targeted protection of the
Baltic Sea is the Convention on the Protection of the
Marine Environment of the Baltic Sea Area (Helsinki
Convention). After acknowledging that the eutrophica-
tion of the Baltic Sea has been accelerating and being a
man-made problem, Denmark, Sweden, Finland, the
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Fig. 1.
southerly field exclusively chicken manure as P supply in the past; extracted from HaNekLAUs et al., 2016.

Klassifizierung der Pca. Gehalte entlang zweier Transekte in benachbarten Feldern. Das nérdliche Feld erhielt ausschlieflich Mineraldiin-
ger und das siidliche Feld ausschlief8lich Hiihnergiille als P-Quelle in der Vergangenheit; Daten extrahiert aus HaNEkLAUS et al. 2016.

Soviet Union, Poland and West and East Germany
formed the Helsinki Convention in 1974 with the aim to
solve the ecological problems of the Baltic Sea. After the
breakdown of the Eastern Bloc, nine riparian states (Den-
mark, Estonia, Finland, Germany, Latvia, Lithuania,
Poland, Russia and Sweden) agreed on an updated con-
vention in 1992, which was called into life in 2000. Based
on this convention, the Helsinki Commission ,,the govern-
ing body of the Convention on the Protection of the Marine
Environment of the Baltic Sea Area which comprises the
water-body and the seabed including their living resources
and other forms of marine life“ was formed (Voss et al.,
2011; HELCOM, 2008). Referring to the HELCOM Rec-
ommendation 28 E/4 of the amended Annex III of the
Helsinki Convention it is advised to apply measures with
view to Best Environmental Practice (BEP) and Best
Available Technology (BAT) to reduce the pollution from
agricultural activities (HELCOM, 2008).

One major program established by HELCOM is the
Baltic Sea Action Plan (BSAP), which aims to restore the
good ecological status of the Baltic Sea by 2021. To
achieve this status, maximum allowable inputs (MAI)
for water- and airborne P have been determined and rati-
fied during the HELCOM Ministerial Meeting in Copen-
hagen in 2007 (Table 2 and HELCOM, 2007). The BSAP
will be updated and reconducted in 2021 (ANONYMOUS,
2020).

Analysis and classification of soil samples
according to official German guidelines
(Kerschberger et al. 1997)

Soil test P class P (mg/kg)
(CAL extract)
®  A(deficient) <20
@ B (poor) >20-45
~ C (sufficient) >45 - 90
® D (excessive) >90 - 150
® E (highly excessive)| =150

meter

02550 100 150

Classification of Pca. content along transects of neighboring fields. The northerly field received exclusively mineral fertilizers and the

The data for the average annual P inputs between 2010
and 2012 indicate that currently > 30% more P enters the
Baltic Sea than permitted according to the MAI. This
strongly underlines the urgent need to implement effi-
cient methods to reduce the discharge of P into the Baltic
Sea. One promising technology could be variable rate
application (VRA) of manure operating in a continuous
mode which matches the small-scale variation of the
nutrient demand of crops in the field with fertilizer rates
(HANEKLAUS and SCHNUG, 2006). It is intrinsic that the im-
plementation of such a site-specific nutrient manage-
ment will result in a sustainable use of resources that
ensures optimum crop growth and reduces the negative
impacts on the environment in form of excessive nutrient
inputs (HaNEkLAUS et al., 2016). In contrast, uniform
application rates of manure are not based on the real
nutrient demand, but are rather oriented on the maxi-
mum legal input. It can be assumed, that VRA of manure
will be objected by farmers since it requires changes in the
production and recycling chain of manure (HANEKLAUS et
al., 2016).

Next a strategic concept will be delivered which con-
tributes to the sustainable use of manure with special
attention to a closed agricultural P cycle. Prerequisites
and limitations for a site-specific nutrient management
using manure will be outlined and algorithms for their
VR application presented.

Journal fiir Kulturpflanzen 72. 2020



Journal fiir Kulturpflanzen, 72 (6). S. 193-202, 2020, ISSN 1867-0911, DOI: 10.5073/JfK.2020.06.01

Verlag Eugen Ulmer KG, Stuttgart

Table 2. Maximum allowable annual inputs (MAI) and actual inputs (annual average of 2010-2012) of P into to Baltic Sea

sub-basins (Svenpsen et al., 2015).

Maximale jdhrliche P-Frachten und aktuelle P-Frachten in die Unterbecken der Ostsee (Svenpsen et al., 2015).

MAI Actual inputs
P (t/yr)
Bothnian Bay 2675 2 824
Bothnian Sea 2773 2527
Baltic Proper 7 360 14 651
Gulf of Finland 3600 6478
Gulf of Riga 2020 2341
Danish Straits 1601 1514
Kattegat 1687 1546
> Baltic Sea 21716 31883

Bold letters=MAI met; regular letters = MAI not met with inputs increasing

Factors influencing the variability of the nutrient
content in manure

The nutrient composition of manure is heterogeneous
and depends on several parameters such as animal spe-
cies, feedstuff quality and quantity, housing regime, time
and condition of storing and water content (CORDOVIL et
al., 2012). HanekLAuUs et al. (2016) reported of an inter-
farm coefficient of variation for plant available P concen-
trations (Pcar) in manures of 35% and 45% with means
of 0.5 kg P/t for cattle and 1.6 kg P/t for pig manure,
which is in accordance with the results of DuroNT et al.
(1984). Sedimentation in the storage facility has the
strongest influence on the P content followed by the fac-
tors animal age and feeding regime. In contrast, parame-
ters such as breed, housing system and season seem to
have only a minor influence (HaNEkLAUS et al., 2016).
Consequently, not only constant production factors on a
farm (e.g. animal species, feeding regime, etc.) but also
an efficient homogenization of manure is important to
assess reliable nutrient input data for the realization of
an accurate VRA of manure (DERIKX et al., 1997). This is
underlined by Conn et al. (2007), who reported a consis-
tent mineral composition of manure over time on individ-
ual farms, while the variation between farms was high.
Yet another approved option in the federal state of North
Rhine-Westfalia is the use of certified NIRS sensors in or-
der to assess the P content of slurry in real time (EHNTS,
2019). The farmers are obliged to file the nutrient and
dry matter content of slurry, the type of slurry, sensor
type and calibration model as well as application rates
(EnnTs, 2019).

It is estimated that about 35-40% of the total P in
manure is plant available (EUROPEAN COMMISSION — DIREC-
TORATE GENERAL ENVIRONMENT, 2010). However, investiga-
tions of EGHBALL et al. (2005) indicate that even up to
100% may be plant available within the first year of the

Journal fiir Kulturpflanzen 72. 2020

application. Consequently, it can be assumed that the
entire manure P is plant-available on a long-term basis
(HANEKLAUS et al., 2016; HANSEN, 2006).

Algorithms for a balanced VRA of manure

The load of manure for fertilizer purposes is regulated by
the EU Nitrate Directive and restricted to 170 kg/ha N. In
nitrate vulnerable zones in Denmark and Estonia the cor-
responding value is 140 kg/ha N for pig manure. In Swe-
den, the legal application of manure takes the P load into
account which may not exceed of 22 kg/ha P (ANONY-
Mous, 2004); this value corresponds with the average
removal of P by crops (HANEKLAUS et al., 2016). A deficit
of all regulations is that an additional P-supply with min-
eral fertilizers is not regulated.

An adjustment of upper manure rates to the actual P
off-take by crops on soils, which are sufficiently supplied
with P can significantly contribute to a decrease of dif-
fuse P-losses to water bodies and is mandatory for a sus-
tainable use of P in manure (HANEKLAUS et al., 2016). To
ensure such a balanced fertilization, the nutrient input
has to match the actual crop demand in order to avoid
both, nutrient surpluses or an undersupply. Thus, the
first step to reduce P losses will be to set P rates to zero
where the soil P status is higher than in the sufficiency
range. A mandatory restriction of the P input to 22 kg/ha
P following the example set by Sweden is appropriate on
soils that are sufficiently supplied with P. Such approach
requires the alternative utilization of excess manure, the
reduction of the livestock density or an extended area
where manure is applied (Powers and van Horn, 2001).
Innovative, environmentally friendly ways of the use and
processing of animal manures are summarized by MarL.omo
et al. (2018).

A manure application restricted to 22 kg/ha P would
lead to the average N addition of 141 (cattle), 88 (pig) or
77 (poultry) kg N/ha (HANEKLAUS et al., 2016). In compar-
ison, maximum application rates adjusted to a maximum



Journal fiir Kulturpflanzen, 72 (6). S. 193-202, 2020, ISSN 1867-0911, DOI: 10.5073/)fK.2020.06.01

of 170 kg N/ha (as commonly practiced) would exceed
the average P-off-take by the crop by 95% to > 120% (cor-
responding to 21 - >26 kg/ha P) if pig and poultry
manure are applied. In case of cattle manure the surplus
is significantly lower with approximately 2% (correspond-
ing with 0.4 kg/ha P) (HANEKLAUS et al., 2016).

To ensure an optimum utilization of manure, variable
rates must consider the spatial variability of plant avail-
able P in the soils, which is an indicator for the P supply
of the crops (HANEKLAUS et al., 2016). Interesting in this
context is a study on the comparison and inter-calibra-
tion of soil P tests (STP) applied in different Baltic Sea
countries, which revealed that the standard procedures
that are used to determine and to interpret the available
P content in agricultural soils differ widely and as a
result, the assessment of the P supply of agricultural soils
may yield strongly deviating results (SHwWIEKH al., 2015).
Thus, recommended fertilizer rates may deviate highly
among the different countries (HANEKLAUS et al., 2016).
Similar findings were made by TOTH et al. (2014), who
compared the P fertilizer recommendation systems in the
UK and Hungary with distinct disparities in the advised
fertilizer doses. These findings underline the urgent need
to define standard analytical methods and harmonize the
interpretation of the results and recommendations
among the EU-countries. As an alternative, the collection
of on-farm data by applying precision agriculture tech-
nologies will deliver actual site-specific threshold values
and response curves to the nutrient input. These data can
be translated into maps for the VRA of manure which is
of key relevance on livestock farms to reach a balanced
soil P-level (HANEKLAUS and SCHNUG, 2006; HANEKLAUS et
al., 2016).

Cu and Zn are usually used as feed supplements on
livestock farms. Accordingly, these elements enter the
soil via manure fertilization. Therefore, the soil concen-
tration of these metals should be monitored together
with yield data to avoid yield losses (HANEKLAUS et al.,
2016). To ensure a balanced input of N, P, K, Cu and Zn
by pig manure, the application rates must not exceed the
Cu off-take by the crop since Cu is the nutrient that is en-
riched strongest (KrRaTz and SCHNUG, 2006; SCHNUG et al.,
2006). Cu and Zn rates that are adjusted to the off-take
by the crop would lead to only 8% and 24% of the maxi-
mum permitted manure rates (corresponding to 170 kg
N/ha) (HanekLAUS et al., 2016). A solution to the problem
could be the extraction of both elements from manure
(Porovic, 2012).

An ideal P supply of the soil is obtained when the P-rate
equals the off-take by the crop and the P source is fully
plant available (HANEKLAUS et al., 2016). This statement is
confirmed by the results of a long-term field experiment
conducted in Sweden (DJjopuic et al., 2005). For P in
manure it can be assumed that it is fully plant available
(HaNSEN, 2006), while P sources such as rock phosphates
or recycling fertilizers have to be critically evaluated
since P is only partially plant-available irrespective of the
time scale. These non-available P species rather accumu-
late in the soil and are prone to leaching or erosion into
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water bodies (ScHick, 2010). The fate of different P forms
discharged to water bodies and their contribution to
eutrophication is summarized by ReyNoLDs and DAVIES
(2001) with special view to point and non-point P losses.

For the development of general algorithms for VRA of
manure, HANEKLAUS et al. (2016) defined the following
conditions (Table 3):

* no manure is applied if the soil P status exceeds the
sufficiency range

* the N:P:K ratio in manure is constant

* the N, P, and K content in manure is analyzed before
the application to follow up changes in the livestock
management

* the minimum N demand of the crop is 170 kg/ha

Ideally, the application rates for manure match the low-
est N, P or K demand and the emerging deficits of N, P
and or K are either balanced by mineral fertilizers within
one year (Table 3) or by manure in combination with
mineral fertilizers in subsequent years on a crop rotation
basis (HANEKLAUS et al., 2016). The spatial variation of the
P and K off-take can be determined easily by using yield
maps if the technology is available (Hanexkraus and
SCHNUG, 2006). The annual N rates, however, must match
the spatial variation of the crop demand. One suitable ap-
proach to determine the site-specific demand for N can
be the adjustment of the rate to the spatial variation of
clay and organic matter content (HANEKLAUS and SCHNUG,
2006).

As mentioned earlier, a P-based manure application
will limit its utilization on livestock farms and a balanced
addition of K may further reduce the amount of manure
applied, in particular with view to cattle and pig manure.
Oilseed rape removes about 40, sugar beets 100 and
intensive grassland 120 kg K/ha* yr (ANoNyMous, 1993).
Thus, a balanced K fertilization regime is only feasible in
a sugar beet/cereal crop rotation where straw is harvest-
ed and constricted on intensive grassland (Table 2).
When these basic rules are implemented, a balanced
input of N, P and K is ensured but it is also evident that
the further processing or recycling of excess manure is
obligatory to cope with the accumulating quantities of
manure which cannot be applied to agricultural land
(HANEKLAUS et al., 2016). One solution is the mechanical
separation of excess slurry into a P-rich solid and an
N-rich liquid phase. That way, the liquid phase can be
used nearby (on-farm) and the solid P phase can be
transported those to areas with dominating crop produc-
tion and a high P-demand. In addition, the solid fraction
may be incinerated or used for biogas production for the
generation of energy (CocoLo et al., 2012; HJORTH et al.,
2010).

An operative plan to tackle with P surpluses in the
BSR

To successfully implement VRA of manure and to reduce
nutrient losses to water bodies, a 5-point plan has been
suggested by HANEKLAUS et al. (2017):
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Table 3. Algorithms for variable rate (VR) application of manure targeting a balanced input of N, P and K (extracted from

HANEkLAUS et al., 2017).

Algorithmen zur rdumlich variable Ausbringung von Wirtschaftsdiingern mit dem Ziel einer bilanzierten Zufuhr an N, P und K (extrahiert

aus Hanekiaus et al., 2017).

Cattle manure (N:P = 6.4:1 and P:K = 1:6.4)

Soil test P class?

A, B2
C

Variable P rate as manure (kg/ha)

Pig manure (N:P = 4:1 and P:K = 1:3.9)

A, B2

P rate If soil test P (mg/kg) then N rate then K rate
(kg/ha) (kg/ha) (kg/ha)
Y=-0.880X+61.4 X>41 <170 <1773

22 or 3VRoff-take 141 1473
Variable, mineral P fertilizer rate (kg/ha) N rate K rate
Pur=P P ,if -

ng 41demand manure NyR = Ndgemand-Nmanure

Variable P rate as manure (kg/ha)

P rate If soil test P (mg/kg) then N rate then K rate
(kg/ha) (kg/ha) (kg/ha)
Y=-0.880X + 61.4 X>21.5 <170 <1424

22 0r 3VRofftake 88 73
Variable, mineral P fertilizer rate (kg/ha) N rate K rate

Pyr = Pdemand-Pmanure if
X<21.5

Poultry manure (N:P = 3.5:1 and P:K = 1:1.5)

A, B2

Variable P rate as manure (kg/ha)

Nvr = Ndemand-Nmanure

Kvg = Kdemand_‘Kmanure
or VRoff-take if < Kyr

P rate If soil test P (mg/kg) then N rate then K rate
(kg/ha) (kg/ha) (kg/ha)
Y=-0.880X +61.4 X <45 <77 <32

22 or 3VRyff-take 77 32
Variable, mineral P fertilizer rate (kg/ha) N rate K rate

Pyr = Pdemand-Pmanure, if
X<45

Nvr = Ndemand-Nmanure

Kvg = Kdemand_‘Kmanure
or VRoff-take if < Kvr

notes: 1for details see Figure 1;21.5 and 2-fold P rate in soil test class A and B; 3geo-coded nutrient off-take data from yield map-
ping; 4K input needs to be balanced:

n n
Zl Krates(yrl + pAY) toot yrn) = z Koff—take(yrl + ¥y toot yrn)
1=

i=1

with view to the N:P and P:K ratios in manure in case of cattle manure this is only possible if the K demand is accordingly high as
for instance in sugar beet/cereals crop rotations if straw is removed and on high yielding intensive grassland; from case to case
manure rates need to follow K supply; rate equals difference of summated K off-take by crop rotation.

1) The EU is advised to adopt a law which determines

3) The implementation of Precision Agriculture technol-

limits for the use of mineral and organic P in agricul-
ture. On those soils which are sufficiently supplied, P
rates must match the mean off-take of 22 kg/ha P by
crops. On those soils, which display excessively high P
contents, no P is applied until the P status is in the suf-
ficiency range.

2) It has to be obligatory for livestock farmers to prove
the whereabouts of the accumulated manure.
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ogies for on-farm experimentation (e.g. geo-coded
sampling, deduction of critical nutrient values in soils
and plants, creation of response curves, monitoring of
crop productivity) as well as the adjustment of algo-
rithms for the VRA of mineral and organic fertilizers
must become mandatory and will be, in return,
acknowledged as a greening component according to
EU-policy (ANonymous, 2017) in order to compensate
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investments and ongoing expenses. The socio-eco-
nomic benefit for the implementation of a truly
site-specific VR-fertilization is an improved water
quality on the long run.

4) Farm-gate balances must be established by using agricul-
tural GIS-systems on the pedon-scale representing the
smallest operational unit, which is homogenous with
view to those soil factors influencing the nutrient balance
(ScHUMANN et al., 1997, HANEKLAUS and SCHNUG, 2006).

5) Official advisory services for farmers with view to fer-
tilizer planning and data management, including the
preparation of farm-gate balance statements must be
extended.

Impact of VRA of manure on the P-status in agricul-
tural soils of the Baltic Sea Region

There is a linear relationship between the dissolved P
content in soils and the amount of P lost to surface wa-
ters; even more P is transported in particulate form (CAR-
PENTER et al., 1998; Sis et al., 2000). In a long-term field
experiment with sugarcane on Mauritius MARDAMOOTOO
et al. (2013) showed that an excessive P input increased
the P losses to surface waters. Though the research was
carried out in a mild tropical maritime region, similar
findings can be assumed in the Baltic Sea region.

A decrease of the P content on soils can be expected if
organic and mineral P fertilizer rates are lower than the P
off-take by harvest products. The suggested reduction of
P rates based on the amount of residual P added previ-
ously by mineral and organic fertilization would, howev-
er, involve a too longsome process (ROwE et al., 2016).
According to McCrackiN et al. (2017) it will take years to
obtain a measurable effect of reduced fertilizer input on
the P status since the P stock of the complete catchment
area in the BSR is estimated to be sufficient for approxi-
mately two decades of crop production. Since the maxi-
mum allowable annual P discharges into the Baltic Sea
are regularly exceeded, there is an urgent need for break-
through measures. A stringent P fertilizer regime which
implies a zero P rate if the soil P status is in the excessive
range is indispensible and even if implemented it will still
need more than 70 years to reach the sufficiency range as
a simple calculation shows. Zicker at al. (2018) con-
ducted two long-term field experiments in northern and
southern Germany. In the P control treatment without
any P amendments the soil P status decreased from orig-
inally 44 to 17 mg/kg Pcar. and 42 to 29 mg/kg Ppy, in 37
and 19 years, respectively (ZICKER et al., 2018). Assuming
a median P content of 120 mg/kg Pcay, in the excessive
range (KERSCHBERGER et al., 1997), this would imply a
time period of 74 years with zero P application in order to
lower the P level to a P content of 68 mg/kg Pcar, which
is the median value of the sufficiency range. In the field
experiment in northern Germany the corresponding time
period for critical Ppy, values was 70 years. What do these
time figures mean for the problem of eutrophication of
the Baltic Sea? The reduction of P is the key for lakes and
estuaries to recover from eutrophication, a process which
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is known to take decades (ScHINDLER, 2012). The time
span may be shorter with <1 year, or distinctly longer
than a century (McCRACKIN et al., 2017). At this point it
seems reasonable to assume that in case of the Baltic Sea
recovery completeness is achieved in a similar space of
time as the reduction period for the soil P status and
run-off is linked to the initial soil P status and intensity of
manure application (ToMmER et al., 2016; TIEMEYER et al.,
2009). As a result of the meta-analysis McCrackiN and
co-workers (2017) proposed that a zero nutrient input
will not accelerate recovery from eutrophication com-
pared to a reduced nutrient input as the recovery com-
pleteness takes 13 years in the first case and 16 years in
the latter case. Here, it is suggested that VRA of mineral
and organic fertilizers will contribute not only to harmo-
nization of the mineral nutrition of crop plants, but will
also reduce nutrient losses to water bodies as algorithms
have been developed which take soil, crop, topography
and climatic conditions into account thus directing nutri-
ent fluxes and controlling nutrient pools (HaNEkLAUs and
SCHNUG, 2006).

The Baltic Sea is a water body, which suffers from severe
eutrophication induced by massive N and P inputs. In par-
ticular, the application of manure based on the maximum
input limit of 170 kg/ha N yields P rates in case of pig and
poultry manure that are manifold higher than the crop
demand. The consequences are P accumulation in soils
and P losses into water-bodies by surface run-off and ero-
sion. One approach to reduce nutrient surpluses in agri-
cultural soils and to reduce diffuse nutrient losses is the
implementation of a truly balanced P application employ-
ing Precision Agriculture technologies. Then P rates are
adjusted to the actual plant requirement and follow the
small-scale spatial variation of plant-available P in soils.
Algorithms for the VRA of mineral and organic fertilizers
have been developed and can easily be implemented on
farms. For livestock farms this will imply that the better
part of the manure needs to be salvaged elsewhere.

The authors declare no conflicts of interest.

Aarup, T., 2002: Transparency of the North Sea and Baltic Sea - a
Secchi depth data mining study. Oceanologia 44, 323-337.

ANonyMous, 1993: Faustzahlen fiir Landwirtschaft und Gartenbau.
Landwirtschafts-Verlag, Miinster-Hiltrup, p. 618, URL: https://
www.openagrar.de/receive/timport_mods_00003486.

ANONYMOUS, 2004: Statens jordbruksverks foreskrifter och allmdnna
rédd om miljohansyn i jordbruket vad avser viaxtnaring (Swedish
Board of Agriculture rules on environmental concerns in agricul-
ture as regards plant nutrients).

ANonyMmous, 2017: Nitratbericht 2016. Gemeinsamer Bericht der
Bundesministerien fiir Umwelt, Naturschutz und Reaktorsicher-

Journal fiir Kulturpflanzen 72. 2020



Journal fiir Kulturpflanzen, 72 (6). S. 193-202, 2020, ISSN 1867-0911, DOI: 10.5073/JfK.2020.06.01

heit sowie fiir Erndhrung und Landwirtschaft. URL: https://
www.bmu.de/fileadmin/Daten_BMU/Download_PDF/Binnen-
gewaesser/nitratbericht_2016_bf.pdf, Access: 9 January 2019.

ANnonymous, 2020: BSAP update 2021. URL: https://helcom.fi/
baltic-sea-action-plan/bsap-update-2021/, Access: 7 May
2020.

BORJA, A., M. ELLIOTT, J. CARSTENSEN, A.-S. HEISKANEN, W. VAN DE BUND,
2010: Marine Marine management-towards an integrated imple-
mentation of the European Marine Strategy Framework and the
Water Framework Directives. Pollution Bulletin, 60 (12),
2175-2186, DOI: 10.1016/j.marpolbul.2010.09.026.

CARPENTER, S.R., N.F. Caraco, D.L. CorreLL, R.W. HOWARTH, A.N.
SHARPLEY, V.H. SMITH, 1998: Nonpoint pollution of surface waters
with phosphorus and nitrogen. Ecological Applications 8,
559-568, DOI: 10.1890/1051-0761(1998)008[0559:NPOSWW]
2.0.CO;2.

CAMPBELL, A.J., J.A. MAacLEOD, C. STEWART, 1997: Nutrient character-
ization of stored liquid hog manure. Canadian Agricultural Engi-
neering 39, 43-48.

CocoLo, G., S. Curnis, M. HjorTH, G. ProvoLo:, 2012: Effect of dif-
ferent technologies and animal manures on solid-liquid separa-
tion efficiencies. Journal of Agricultural Engineering, 43 (2), €9,
DOI: 10.4081/jae.2012.e9.

CorpoviL, C.M.d.S., R. BasanTa, S.O. PIres, L. FERREIRA, K. KILADZE,
2012: Application of fresh and treated pig slurries and a novel
organic-mineral fertilizer in maize crop. Communications Soil
Science Plant Analysis 43, 2126-2141.

Conn, K.L., E. Topp, G. LAZAROVITS, 2007: Factors influencing the con-
centration of volatile fatty acids, ammonia, and other nutrients
in stored liquid pig manure. Journal Environmental Quality 36,
440-4, DOI: 10.2134/jeq2006.0222.

DERIKX, P.J.L., N.\W.MOGINK, P. HoEksMA, 1997: Comparison of sam-
pling methods for animal manure. Netherlands Journal Agricul-
tural Science 45, 65-79.

DEROUCHEY, J.M., R.D. GOODBAND, J.L. NELSSEN, M.D. TokAcH, S.S.
DriTZ, J.P.MURPHY, 2002: Nutrient composition of Kansas swine
lagoons and hoop barn manure. Journal Animal Science 80,
2051-2061, DOI: 10.1093/ansci/80.8.2051.

Dyobpuig, F., L. BERGSTROM, C. GRANT, 2005: Phosphorus management
in balanced agricultural systems. Soil Use and Management 21,
94-101, DOI: 10.1111/j.1475-2743.2005.tb00413.x.

DuPONT, J., J.L. DIONEE, R. GAGNE, 1984: Le fumier dans le basin de
la rivieere St. Francois. Composition chimique, quantités
produites, utilization. Technical Bulletin 194 - 5F, Agriculture
Canada, Lennoxville, Quebec.

EC, 1991: Council Directive 91/676/EEC of 12 December 1991 con-
cerning the protection of waters against pollution caused by
nitrates from agricultural sources. URL: https://eur-lex.euro-
pa.eu/legal-content/EN/TXT/PDF/?uri=CEL-
EX:319911L0676&from=en, Access: 10 January 2019.

EHNTS, A., 2019: Diilngung NRW: verscharfte Auflagen, Dokumen-
tation mit NIR-Sensoren. Agrarheute. URL: https://www.
agrarheute.com/pflanze/duengung-nrw-verschaerfte-auflagen-
dokumentation-nir-sensoren-550974, Access: 7 February 2019.

EKARDT, F., B. GARSKE, J. STUBENRAUCH, J. WIEDING, 2016: Governance
Instruments for Phosphorus Supply Security. In: E. ScHNUG,L.J. DE
Kok (eds.), Phosphorus in agriculture: 100% Zero. Heidelberg:
Springer Verlag, p. 331-348, DOI: 10.1007/978-94-017-
7612-7.

EGHBALL, B, B.J. WIENHOLD, B.L. WOODBURY, R.A.EIGENBERG, 2005:
Plant availability of phosphorus in swine slurry and cattle feedlot
manure. Agronomy Journal 97, 542-548, DOI: 10.2134/
agronj2005.0542.

ELMGREN, R., 2001: Understanding Human Impact on the Baltic
Ecosystem: Changing Views in Recent Decades. AMBIO: A Journal
of Human Environment. 30, 222-231, DOI: 10.1579/0044-
7447-30.4.222.

EUROPEAN COMMISSION — DIRECTORATE GENERAL ENVIRONMENT (eds.),
2010: Study on variation of manure nitrogen efficiency through-
out Europe. Annex 1: Examine the current applicable manure-N
efficiency rates in the EU 27 by studying literature and contacting
research centres/competent administrations in the MS. ENV.B.1/
ETU/2010/0008.

GASSNER, A., L. HaBB, S. HANEKLAUS, E. ScHNUG, 2003: Significance
of the spatial speciation of phosphorous in agricultural soils for
the interpretation of variability. LandbauforschungVoelkenrode
53 (1), 19-25.

GRANSTEDT, A., P. SEURI, O. THOMSSON, 2008: Ecological recycling ag-
riculture to reduce nutrient pollution to the Baltic Sea. Biological
Agriculture and Horticulture 26, 279-307, DOIL: 10.1080/
01448765.2008.9755088.

HANEKLAUS, S., E. SCHNUG, 2006: Site-specific nutrient management
- objectives, current status and future research needs. In:

Journal fiir Kulturpflanzen 72. 2020

Verlag Eugen Ulmer KG, Stuttgart

SRINIVASAN, A. (ed.), Precision Farming - A global perspective. New
York: Marcel Dekker, p. 91-151.

HaNEgkLAuUs, S.H., J. ScHIcK, S. KraTz, D. RUckamp, E. ScCHNUG, 2016:
Variable rate application of manure - gain or pain? Landbaufor-
schung Voelkenrode 66, 11-19.

HaNEkLAUs, S.H., H. LILIENTHAL, E. SCHNUG, 2017: Frameworks for
variable rate application of manure. In: Proceedings of the 14th
International Conference on Precision Agriculture, June 24 - June
27, 2018, Montreal, Quebec, Canada.

HaNSEN, D.J., 2006: Manure as a nutrient source. In: HAERING
K.C.,G.K. EvanyLo (eds.), The Mid-Atlantic Nutrient Management
Handbook, URL: https://extension.psu.edu/programs/nutrient-
management/educational/nutrient-management-general/mid-
atlantic-nutrient-management-handbook, Access: 14 January
2019.

HELCOM, 1996: Third periodic assessment of the state of the marine
environment of the Baltic Sea, 1989-1993; Executive Summary,
Baltic Sea Environm. Proc. No. 64 A.

HELCOM., 2007: HELCOM Baltic Sea Action Plan. Helcom Ministe-
rial Meeting, Krakow, Poland, 15 November 2007, URL:
http://www.helcom.fi/Documents/Baltic%20sea%20ac-
tion%20plan/BSAP_Final.pdf, Access: 9 January 2019.

HELCOM, 2008: Convention on the protection of the marine
environement of the Baltic Sea area, 1992 (Helsinki Conven-
tion), URL: http://www.helcom.fi/Documents/About%20us/
Convention%20and%20commitments/Helsinki%20Convention
/1992_Convention_1108.pdf, Access: 8. January 2019.

HJorTH, M., K.V. CHRISTENSEN, M.L. CHRISTENSEN, S.G. SOMMER, 2010:
Solid-liquid separation of animal slurry in theory and practice. A
review. Agronomy for Sustainable Development 30, 153-180,
DOI: 10.1051/agro/2009010.

HOLSTEN, B., M. PFANNERSTILL, M. TREPEL, 2016: Phosphor in der Land-
schaft. Management eines begrenzt verfligbaren Né&hrstoffes.
CAU Kiel, URL: http://www.ecosystems.uni-kiel.de/de/pdf/
phosphor_in_der_landschaft_download.pdf, Access: 14 January
2019.

JEPPESEN, E., M. SONDERGAARD, M. MEERHOFF, T.L. LAURIDSEN, J.P.
JENSEN, 2007: Shallow lake restoration by nutrient loading reduc-
tion - some recent findings and challenges ahead. Hydrobiologia
584, 239-252, DOI: 10.1007/s10750-007-0596-7.

KAURANNE, L.-M., M. KEMPPAINEN, 2016: Urgent need for action in the
Baltic Sea area. In: SCHNUG, E., L.J. DE Kok (eds.), Phosphorus in
agriculture: 100% Zero. Heidelberg: Springer Verlag, p. 1-6, DOI:
10.1007/978-94-017-7612-7.

KERSCHBERGER, M., U. HEGE, A. JUNGK, 1997: Phosphordiingung nach
Bodenuntersuchung und Pflanzenbedarf. VDLUFA Standpunkt,
URL: http://www.vdlufa.de/joomla/Dokumente/Standpunkte/
0-4-phosphor.pdf, Access: 21 November 2012.

KNUDSEN, L., E. SCHNUG, 2016: Utilization of phosphorus at farm level
in Denmark. In: ScHNUG, E., L.J. DE Kok (eds.), Phosphorus in
agriculture: 100% Zero. Heidelberg: Springer Verlag, p.195-214,
DOI: 10.1007/978-94-017-7612-7.

KraTtz, S., E. SCHNUG, 2006: Vergleichende Bewertung der Nahr- und
Schadstoffgehalte von Diingemitteln und Klarschldimmen. In:
PINNEKAMP J.,H. FRIEDRICH (eds.), Kldrschlammentsorgung: Eine
Bestandsaufnahme. Aachen: FiW Verlag, p. 357-361.

LARrssoN, U., R. ELMGREN, F. WuLFF, 1985: Eutrophication and the Bal-
tic Sea: Causes and consequences. AMBIO A Journal of the Human
Environment 14, 9-14.

Lovang, N., J.H. LouGHRIN, K. Cook, M. ROTHROCK, K. SisTANI, 2009:
The effect of stratification and seasonal variability on the profile
of an anaerobic swine waste treatment lagoon.
BioresourceTechnology 100, 3706-3712, DOI: 10.1016/j.
biortech.2008.09.024.

MaLomo, G.A., A.S. Mabucu, S.A. BoLu, 2018: Sustainable Animal
Manure Management Strategies and Practices. In: Aladjadjiyan,
A. (ed.), Agricultural Waste and Residues. InechOpen, DOI:
10.5772/intechopen.78645.

MaRrDAMOOTOO, T., K.F. NG KEE KwoNG, C.C. DU PrEEZ, 2013: Assessing
environmental phosphorus status of soils in Mauritius following
long-term phosphorus fertilization of sugarcane. Agricultural Wa-
ter Management 117, 26-32, DOI: 10.1016/j.agwat.2012.10.022.

McCRACKIN, M.L., H.P. JonEs, P.C. JONES, D. MORENO-MATEOS, 2017:
Recovery of lakes and coastal marine ecosystems from eutrophi-
cation: a global meta-analysis. Limnology and Oceanography 62,
507-518, DOI: 10.1002/1n0.10441.

McCRACKIN, M.L., B.G. GusTAFssoN, B. HonGg, R.W. HowaArTtH, C.
HuUMBORG, O.P. SAVCHUK, A. SVANBACK, D.P. SwANEY, 2018: Oppor-
tunities to reduce nutrient inputs to the Baltic Sea by Improving
manure use efficiency in agriculture. Regional Environmental
Change 18, 1843-1854, DOI: 10.1007/s10113-018-1308-8.

VAN NOORDWLIK, M., J.De WILLGEN, P.A.I EHLERT, W.J. CHARDON, 1990:
A simple model of P uptake by crops as a possible basis for P



Journal fiir Kulturpflanzen, 72 (6). S. 193-202, 2020, ISSN 1867-0911, DOI: 10.5073/)fK.2020.06.01

fertilizer recommendations. Netherlands Journal Agricultural
Science 38, 317-332.

Popovic, O., 2012: Pig slurry separation and storage. Effects on P, Cu
and Zn distribution between separation fractions and particle size
classes. PhD thesis, Copenhagen, Denmark.

PouLsen, H.D. (ed.), 2012: Normtal for husdyrggdning. University
of Aarhus.

Powers, W.J., H.H. van Horn, 2001: Nutritional implications for
manure management planning. Applied Engineering in Agricul-
ture 17, 27-39, DOI: 10.13031/2013.1933.

RevyNorps, C.S., P.S. Davies, 2001: Sources and bioavailability of
phosphorusfractions in freshwaters: a British perspective. Biolog-
ical Reviews 76, 27-64, DOI: 10.1017/s1464793100005625.

Roweg, H., P.J.A. WITHERS, P. BaAs, N.I. CHAN, D. Dooby, J. HOLIMAN,
B. JacoBs, HAIGANG Li, G.K. MAcDoNALD, R. McDowgLL, A.N.
SHARPLEY, J. SHEN, W. TAHERI, M. WALLENSTEIN, M.N. WEINTRAUB,
2016: Integrating legacy soil phosphorus into sustainable man-
agement strategies for future food, bioenergy and water security.
Nutrient Cycling in Agroecosystems 104, 393-412, DOI: 10.1007/
s10705-015-9726-1.

RUckaMP, D, J. ScHICK, S. HANEKLAUS, E.SCHNUG, 2013: Geochemical
Atlas on agricultural soils and manures in the Baltic Sea region.
Baltic Manure Report.

SANDEN, P., B. HAKANSSON, 1996: Long-term trends in Secchi depth
in the Baltic Sea. Limnology 41,346-351, DOI: 10.4319/lo.
1996.41.2.0346.

ScHick, J., 2010: Untersuchungen zu P-Diingewirkung und Schwer-
metallgehalten thermochemisch behandelter Kldrschlamm-
aschen. PhD thesis, Braunschweig, Germany, URL: https://
publikationsserver.tu-braunschweig.de/servlets/MCRFileNodeS
ervlet/dbbs_derivate_00008866/Dissertation.pdf, Access 15
January 2019.

SCHINDLER, D.W., 2012: The dilemma of controlling cultural eutro-
phication of lakes. Proceedings of the Royal Society B: Biological
Sciences 279, 4322-4333, DOI: 10.1098/rspb.2012.1032.

SCHNUG, E., S. HANEKLAUS, S. KraTz, X. FAN, 2006: Aspects of phos-
phorus fertilisation in organic farming. Aspects of Applied Biology
79, 277-281.

SCHNUG, E., R. SPAROVEK, W. STORCK, A. JERING, U. VOLKGENANNT, 2001:
The HELCOM Working Group on Agriculture (WGA). Landbau-
forschung Vélkenrode %2 (51), 5-9.

SCHNUG, E., L.J. DE Kok, 2016: Phosphorus in agriculture: 100% Zero.
Springer Verlag, Heidelberg, DOI: 10.1007/978-94-017-7612-7.

SCHUMANN, M., M. KUckE, E. ScHNUG, 1997: Fallstudien und Konzep-
tion zur Einfiihrungbilanzorientierter Diingung in der deut-
schen Landwirtschaft. Landbauforschung Voelkenrode, Son-
derh.180.

SHwiekH, R., J. ScHick, S. Kratz, E. ScHNuG, 2015: Comparative
investigation and inter-calibration of different soil P tests. Journal
of Cultivated Plants 67, 61-72, DOI: 10.5073/JfK.2015.02.02.

Smvs, J.T., A.C. EDWARDS, O.F. ScHouMANS, R.R. SiMAND, 2000: Inte-
grating soil phosphorus testing into environmentally based agri-
cultural management practices. Journal of Environmental Quality
29, 60-71, DOI: 10.2134/jeq2000.00472425002900010008x.

SKORPURSKI, J., R. BANKAUSKAITE, H. BUTZE-RUHNENSTIERNE, E.
GABRIELSSON, P. HRYTSYSHYN, A. KALACH, E. KALINA, M. Kotkas, 1.
LiepA, M. MERISAAR, G. NOREN, V. OVCHARENKO, J. SCHMIEDEL, 2013:

Verlag Eugen Ulmer KG, Stuttgart

Report on industrial livestock farming in the Baltic Sea region -
Environmental Protection Context. Coalition Clean Baltic.
Uppsala, URL: https://portal.helcom.fi/meetings/HOD%2046-
2014120/MeetingDocuments/4-25%20Report%200n%20
Industrial%20Livestock%20Farming%20in%20the%20Baltic%
20Sea%20Region.pdf, Access: 15 January 2019.

SVANBACK, A., M.L. McCrackiN, D.P. SwaNey, H. LINEFUR, B.G.
GUSTAFSON, R.W. HowarTH, C. HUMBIRG, 2019: Reducing agricul-
tural nutrient surpluses in a large catchment - links to livestock
density. Science of the Total Environment 648, 1549-1559, DOI:
10.1016/j.scitotenv.2018.08.194.

SVENDSEN, L.M., M. PYHALA, B. GUSTAFSSON, L. SONESTEN, S. KNUUTTILA,
2015: Inputs of nitrogen and phosphorus to the Baltic Sea.
HELCOM core indicator report, URL: http://www.helcom.fi/
Documents/Baltic%20sea%20trends/Eutrophication/CORE_
indicator_nutrient_inputs_1995-2012.pdf, Access: 15 January
2019.

TIEMEYER, B., P. KAHLE, B. LENNARTZ, 2009: Phosphorus losses from an
artificially drained rural lowland catchment in North-Eastern Ger-
many. Agricultural Water Management 96, 677-690, DOIL:
10.1016/j.agwat.2008.10.004.

ToMER, M.D., T.B. MOORMAN, J.L. KovAr, K.J. COLE, D.J. NICHOLS, 2016:
Eleven years of runoff and phosphorus losses from two fields with
and without manure application, Iowa, USA. Agricultural Water
Management 168, 104-111, DOI: 10.1016/j.agwat.2016.01.011.

ToTH, G., R.-A. GUICHARNAUD, B. TOTH, T. HERMANN, 2014: Phosphorus
levels in croplands of the European Union with implications for
P fertilizer use. European Journal Agronomy 55, 42-52, DOI:
10.1016/j.eja.2013.12.008.

URE, A.M., C.M. DavIDSON, 1995: Introduction to speciation. In: URE,
A.M., C.M. DavipsoN (eds.), Chemical speciation in the environ-
ment. Glasgow: Chapman and Hall, p. 1-5, DOI: 10.1080/
02757549508037695.

Voss, M., J.W. DIPPNER, C. HUMBORG, J. HURDLER, F. KORTH, T. NEUMANN,
G. SCHERNEWSKI, M. VENOHR, 2011: History and Scenarios of future
development of Baltic Sea eutrophication. Estuarine, Coastal and
Shelf Science 92, 307-322, DOI: 10.1016/j.ecss.2010.12.037.

ZICKER, T., S. vON TUCHER, M. KAvKa, B. EICHLER-LOBERMANN, 2018: Soil
test phosphorus as affected by phosphorus budgets in two
long-term field experiments in Germany. Field Crops Research
218, 158-170, DOI: 10.1016/j.fcr.2018.01.008.

© The Author(s) 2020.

(2| This is an Open Access article distributed under the
terms of the Creative Commons Attribution 4.0 International License
(https://creativecommons.org/licenses/by/4.0/deed.en).

© Der Autor/Die Autorin 2020.

[COT=2| Dies ist ein Open-Access-Artikel, der unter den Bedin-
gungen der Creative Commons Namensnennung 4.0 International
Lizenz (CC BY 4.0) zur Verfiigung gestellt wird
(https://creativecommons.org/licenses/by/4.0/deed.de).

Journal fiir Kulturpflanzen 72. 2020



	The Role of Organic P in the Baltic Sea Region – Lessons (to be) Learned
	The Role of Organic P in the Baltic Sea Region – Lessons (to be) Learned
	Die Bedeutung organischen Phosphors im Ostseeraum – Lehren, die gezogen werden müssen
	Abstract
	Zusammenfassung
	Introduction
	P-loads Into the Baltic Sea and eutrophication
	P speciation in agricultural soils
	P accumulation in agricultural soils
	Legal and Intergovernmental Measures to reduce nutrient inputs into the Baltic Sea
	Variable rate application of manure
	Factors influencing the variability of the nutrient content in manure
	Algorithms for a balanced VRA of manure
	An operative plan to tackle with P surpluses in the BSR
	Impact of VRA of manure on the P-status in agricultural soils of the Baltic Sea Region

	Conclusion
	Conflicts of interest
	References


