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Abstract: The scarcity of phosphorus (P) is a global concern that is not restricted to western
industrialized nations. Until now, most countries in the world are highly dependent on importing
mineral P fertilizers for agriculture. The industrialized nation of Germany, the emerging economy of
Costa Rica, and the developing country of Nicaragua are examined with regard to their legislation in
the field of environmental protection and agriculture, in particular with regard to soil protection and
fertilizer law. Based on the structure of agriculture in each country, control weaknesses in legislation
in the individual countries, which is largely determined by command-and-control law, are identified
and compared. It becomes clear that soil protection in all three countries has not yet been adequately
standardised in law and at the same time the efficient use of organic or recycled P fertilizers instead
of (finite) mineral P fertilizers is inadequately regulated. In particular, frugality, i.e., the strategy of
lower (and not only more efficient) consumption of P fertilizers, has so far played no regulatory role
in land-use governance.
Keywords: phosphorus; legal comparison; governance; sustainable agriculture; fertilization; soil
protection; Germany; Costa Rica; Nicaragua

1. Phosphorus and Sustainable Agriculture-Problem and Methodology
Long-term availability of phosphorus (P), an essential nutrient for plants, animals, and humans, is
a fundamental prerequisite for ending hunger worldwide by 2030 and achieving global food security,
as intended by the United Nations Sustainable Development Goals (SDGs) [1]. In order to ensure the
nutrient supply of plants with P, mineral P extracted by mining is still being used and to an increasing
extent worldwide. In 2017, an estimated 263,000 tons of phosphate rock were mined worldwide, more
than in any year before [2] (p. 123). In this context, it is interesting to take a comparative look at countries
with very different agricultural and legal system requirements. Particularly, the research is intended to
be an interdisciplinary study into sustainability research from a humanities perspective. Existing legal
approaches of countries that differ in geographic and socioeconomic terms are examined, focussing on
P resource conservation and the protection of related natural resources, such as soil, water, climate,
biodiversity. The research aims to identify specific but above all recurring shortcomings in legislation
as reasons for the unsustainable use of the aforementioned resources. Therefore, this comparative
study can be seen as a first step to further develop effective governance for the sustainable use of P in
agriculture and the protection of natural resources on national, supranational or international levels
that are able to overcome the identified legal inefficiencies.
All countries in the world face the same future challenge: to develop sustainable agriculture
systems which produce a sufficient amount of healthy food and at the same time preserve natural
resources. SDGs have a universal character and apply equally to all countries [1] (p. 3); Nicaragua as a
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developing country, the emerging economy Costa Rica, and Germany as a typical industrialized nation
have been selected for the legal comparison. While the use of mineral P fertilizers is tending to increase
in Costa Rica and Nicaragua, it is rather stagnating at a medium level in industrialized countries such
as Germany [3,4]. In 2015, Costa Rica had an average mineral P use per area of cropland of 41.23 kg
P2 O5 /ha, well above the global average of 30.1 kg P2 O5 /ha. Nicaragua, on the other hand, is far below
the global average at 9.74 kg P2 O5 /ha—although the climatic and biophysical conditions are largely
the same as in Costa Rica—while Germany’s consumption of 23.87 kg P2 O5 /ha is slightly below
the global average [3]. For this reason, there is also a special interest in this comparative analysis of
countries. The deposits of phosphate rocks, however, are firstly finite. There is a limit in the economic
sense, i.e., phosphate reserves are (operationally) economically extractable according to the current
state-of-the-art and at today’s prices. According to data from the U.S. Geological Survey from 2017,
the statistical range of phosphate reserves, which is the quotient of available reserves and the extracted
phosphate rock, is 266 years [2] (p. 123). Secondly, phosphorus is limited to only a few regions of
the earth, which results in an import dependency in the vast majority of countries [5–7]. This import
dependency of P is already problematic because the highly monopolized market structure impedes
effective price control for raw phosphates [8,9].
In the event of external shocks, such as the 2008 food crisis, the price of mineral P fertilizers may
rise unexpectedly and disproportionately [10]. Particularly in developing countries and emerging
economies where farmers tend to be poorer, price fluctuations are more difficult to deal with; as such,
in a worst-case scenario, the supply of P to plants cannot be guaranteed and the risk of crop losses
increases due to a lack of alternatives [11]. Above all, geopolitical risks with regard to export countries
that are difficult to predict also endanger the secure supply of P fertilizers in industrialized countries.
At present, a medium supply risk is assumed for P due to geopolitical instability in Morocco, one of
the dominant exporters in the market [12].
In addition, the use of mineral P fertilizers in agriculture is directly linked to negative
environmental impacts such as soil degradation, biodiversity loss, and global climate change. Firstly,
heavy metals such as cadmium (Cd) and uranium (U) are increasingly being introduced with
the mineral P fertilizer into the soil, which causes potential soil degradation [13]. Secondly, the
predominant use of mineral fertilizers can lead to a long-term loss of soil organic matter. This is
particularly true in connection with intensive, monocultural soil management with rapid crop rotation,
lack of intercropping and continuously high removal rates of biomass from the field [14] (p. 45), [15].
Along with the loss of soil organic matter, soil biodiversity, water infiltration rate, and natural soil
fertility decrease simultaneously [14]. At the same time, the lower water absorption capacity of the
soil increases the risk of erosion, causing nutrients and pollutants to be more easily discharged into
neighboring ecosystems, thus accelerating the eutrophication of water bodies [16–20]. Due to the
loss of soil organic matter, the sink function of the soil as a global carbon store decreases as well, so
that the potential to help mitigate global climate change is reduced [21]. Finally, the soil’s ability to
cope with crises—e.g., due to extreme weather events that are likely to occur more frequently in the
future—is severely reduced [22–24]. The potentially mutual reinforcement of various environmental
problems, which are also linked to fertilization, is already becoming clear. In the future, managing the
soil sustainably also means circulating nutrients like P and replacing mineral P fertilizers obtained
from mining with fertilizers from organic materials or recycled P fertilizers, preferably regionally
produced using renewable energy [25–28].
On this basis, this paper asks to what extent legislation has so far effectively addressed this
situation. Supported by a brief analysis of the natural scientific data, a methodical and comparative
legal analysis of deliberately selected contrasting countries is carried out. Legal texts from different
legislative fields are compared, whereby the basis for text comprehension are legal interpretation
methods as practiced worldwide (the focus here is on the literal sense and systematics of legal
norms) [29] (pp. 83–95). Comparative legal studies are a recognized method for gaining scientific
knowledge [30,31]. The legal comparison provides “insights into the interrelationships, processes,
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causes and recurrent patterns of reality” [30] (p. 1084). In this way, lessons can be learned from the Latin
American legislation [30] (p. 1084). In order to reflect the different contextualization of Latin American
legislation [31] (p. 187), expert interviews were conducted in Nicaragua and Costa Rica during a
three-month research stay from September to December 2016. Eight interviews were conducted in
Costa Rica and six in Nicaragua with stakeholders from the agricultural administration, universities,
agricultural associations and farmers. In particular, the openly structured interviews provided different
perspectives, which served to better assess the actual implementation and application of existing
legislation. The evaluation of the content of the interviews was therefore qualitative [32] and served as
a supplement to the legal text analysis.
If the possible, ecological regulatory effects are considered, thus further extending the pure legal
comparison in substance by aspects of legal effectiveness, control and governance research. This is
limited in the present case to the extent to which the legal requirements laid down fit the officially
pursued, overall objectives, in particular of international environmental law [29] (pp. 74–83).
2. Key Characteristics of the Agricultural Sector in Germany, Costa Rica, and Nicaragua
In German agriculture, the largest share of added value (almost 50%) is achieved through intensive
livestock farming [33] (p. 8). Increasing export surpluses are generated for all types of meat [34].
An area-bound livestock farming—which would facilitate a recirculation of P—is mandatory in organic
farming only (Art. 4 and Art. 14 Para. 1 lit. (d) No. (i) Regulation (EC) No. 834/2007). Although
the total share of organic farming in Germany accounts for 7.5%, not all have integrated livestock
farming [35] (p. 46). In total, only 14% of all agricultural holdings are integrated farms, which combine
agriculture and livestock farming in different proportions [33] (p. 8). The number of farms fell by 40,800
to 280,800 between 2010 and 2015, with a particularly sharp decline in small livestock holdings [36].
In regions of intensive livestock farming, large quantities of animal feed must be imported, while
remaining manure surpluses place a heavy burden on water quality (The European Commission has
already initiated an infringement proceeding (Case C-543/16) against Germany due to high nitrate
inputs into water bodies and groundwater bodies). Germany imports around 80 million hectares of
virtual land each year for food and animal feed and thus indirectly tons of P [37]. Due to the overall
increase in land use pressure, permanent grassland (29% of agricultural land) is also predominantly
intensively used and fertilized, with negative consequences for soil, water, biodiversity and climate
protection [38] (p. 9). Even though on average, P balance surpluses in German soils have been
declining since 2000 by 5 kg P/ha annually, there are still nutrient hotspots often linked with spatially
concentrated, intensive livestock farming. These hotspots stand in contrast to regions with nutrient
deficits mainly due to low livestock density.
In the emerging economy of Costa Rica, about 47% of the total land area, which with 51,100 km2
roughly corresponds to the size of Lower Saxony, is currently used for agriculture [39] (p. 24).
Agriculture is particularly oriented towards exports. Currently 64% of agricultural land is used
exclusively to grow export crops such as coffee, palm oil, sugar cane, bananas and pineapples [40]
(p. 19). In particular, the small landholder subsistence economy has lost importance in favour of the
export economy [41] (p. 7), [42] (p. 3). The number of agricultural holdings decreased by around 60%
between 1984 and 2014, reaching 93,017 in 2014 [39] (p. 33), [43] (p. 185). Less than 5% of farms are
dedicated to the production of basic foodstuffs [39] (p. 38). Cereals, beans and rice—at the expense
of food security in the country—therefore largely need to be imported from the world market [39]
(pp. 171–173). At the same time, Costa Rica is the world’s leading exporter of pineapples and, with
63,383.2 kg pineapple production per hectare in 2014, achieved the highest yield in Latin America on
average [44]. An extremely high use of mineral fertilizers (and pesticides) characterizes the intensive,
monocultural cultivation of tropical fruits and is therefore an important driver for soil degradation and
the destruction of neighboring ecosystems [45–47]. Accordingly, compared to Germany and Nicaragua,
Costa Rica has the highest average consumption of mineral P fertilizers per hectare of agricultural
land, which is accompanied by one of the highest levels of chemical pesticide usage in the world [3,48].
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Pastures (43% of the agricultural area) are also increasingly intensively used and fertilized, using
mainly mineral fertilizers. Costa Rica’s soils tend to have a deficiency of plant available P. This is
particularly true for soils of volcanic origin or deeply weathered red tropical soils, with active iron and
aluminium oxides restricting plant available P [49] (p. 8), [50].
In the developing country Nicaragua, agriculture has traditionally been of great economic
importance [51,52]. The share of agricultural products in Nicaragua’s total exports from January
to July 2017 was over 80% and is planned to be increased in the future [53]. The main agricultural
export products are coffee, beef and sugar [54] (p. 4). Still, in terms of labor productivity and average
agricultural yield per hectare, Nicaragua ranks last in Central America [55] (p. 36). Accordingly,
the usage of mineral P fertilizer is the lowest in the countries compared in this study, even though
average P use per area of cropland showed a rising trend in 2014 and 2015 [3]. Agricultural land
is still distributed among more than 300,000 producers [56], of which over 80% are small farmers,
who cultivate less than 5 ha of land and use mineral P fertilizers according to their financial abilities
and depending on risk factors such as local weather conditions [57] (p. 69), [58]. In 2014, during the
rainy season (May to November), up to 50% less rain fell locally than in previous years [59] so that
many small farmers refrained from using expensive mineral fertilizers or changed their production
(e.g., from peanuts to millet and sesame, which require less mineral P fertilizer) [60]. However, above
all, uncertain land rights allow the almost unimpeded spread of industrial palm oil, sugar cane or
peanut production by major investors because small scale farmers cannot adequately defend their
ownership of land (which is partly only customary and not titled or registered in the cadastre) [57,61,62].
This industrial production is regularly accompanied by a high consumption of mineral fertilizers [62]
(p. 4). Extensive livestock farming, which is characterised by extremely high land consumption, is
spreading almost unchecked in Nicaragua as well [62] (p. 5) [63], even though the majority of pastures
are not (yet) additionally fertilized. Nonetheless, livestock farming is, once again, largely decoupled
from plant production at the expense of soil, forests, biodiversity and climate protection [63]. Overall,
about 40 tons of soil per hectare are eroded every year due to farming methods that are not adapted to
the site in Nicaragua [62] (p. 5). Regarding P, Nicaragua’s tropical soils tend to be undersupplied with
plant-available P [64], as is the case with Costa Rica.
3. Results from the Legal Comparison
3.1. International Level
International, openly formulated, legally non-binding declarations of intent—such as the
SDGs—dominate with regard to the sparing use of (P) resources in agriculture and soil protection.
A binding international agreement explicitly aimed at limiting the use of mineral P fertilizers in
agriculture and using P more efficiently does not exist. Nevertheless, on the basis of internationally
binding agreements on environmental protection and on the basis of human rights obligations, the
importance of improved P management in agriculture can be determined [29] (pp. 217–223). Germany,
Costa Rica, and Nicaragua have ratified the following agreements:

•
•

•

The Convention on Biological Diversity (CBD) [65], which came into force on 29 December 1993;
The United Nations Convention to Combat Desertification in those Countries Experiencing
Serious Drought and/or Desertification, particularly in Africa (UNCCD) [66], which came into
force on 26 December 1996;
The Paris Agreement (PA) [67,68], which came into force on 4 November 2016.

Art. 1 of the CBD pursues the legally binding objective of conserving biological diversity and
using its components sustainably. P losses from agricultural used soils and their leakage to inland and
coastal waters are one major driver for the eutrophication of water bodies [69], thus restricting aquatic
biodiversity [70,71]. In addition, soil biodiversity can be significantly decreased by intensive farming
methods, which are accompanied by a high use of mineral (P) fertilizers and pesticides [72,73]. Thus,
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controlling the use of (mineral) P fertilizers in order to combat eutrophication of waterbodies and to
preserve soil biodiversity becomes a major issue to fulfil the CBD. The UNCCD provides for combating
desertification and mitigating the effects of drought through effective action at all levels to contribute
to the achievement of sustainable development in the affected areas [66] (p. 6). Nicaragua and Costa
Rica are among the affected countries specifically addressed by the UNCCD. The establishment of a
sustainable, site-adapted, circular economy requires congruent agricultural systems to be generated for
P [74]. Therefore, protecting the soil and preventing nutrient and pollutant leakage into neighboring
ecosystems is directly linked to the fulfilment of these two international agreements. In particular, the
circular economy concept in agriculture aims to stimulate the rational use of organic fertilizers from
the farm or recycled from biowaste or other secondary raw materials [28] and thus helps to preserve
biodiversity and healthy soils with a high natural soil fertility.
The PA obliges the international community pursuant to Art. 2 para. 1a PA to limit global
warming to “well below” 2 ◦ C (and if possible even to 1.5 ◦ C) compared to pre-industrial levels;
however, this requires globally timely and drastic emission reductions with the objective of achieving
zero emissions on the one hand [25], [26] (p. 6), [27] (p. 36), [75] and the preservation of the soil’s sink
function as a carbon reservoir [20] on the other hand. Hence, a rather short-term exit from fossil fuels
is also necessary in the agricultural sector [76]. Worldwide, the share of greenhouse gas emissions
from agriculture, forestry and other land use (AFOLU) is about a quarter [27] (p. 47), [76]. Regarding
mineral P, mining and transport are directly linked to the consumption of fossil fuels [77]. However,
the climatic relevance of mineral fertilization is further exacerbated by the energy-intensive production
of nitrogen (N) [78] (p. 74), [79], particularly because N is often applied in combination with P and/or
potassium (K) as NPK fertilizer to the soil. In Germany, for instance, over 90% of mineral fertilizers are
sold as complex fertilizers [80].
Most importantly though, zero-emissions and the preservation of biodiversity, water and soils
require a drastic reduction of animal food production and consumption [73,81]. According to the
Food and Agriculture Association (FAO) 33% of total arable land is used exclusively for animal feed
production [82] (p. xxi). Raschka et al. even estimate the share of total arable land for the production
of animal feed to be 71% in their study [83] (p. 21). However, the mostly monocultural, industrial
feedstuff production is usually combined with a high mineral (P) fertilizer input [84]. According to the
International Fertilizer Association, due to “firm demand from the livestock sector” [84] (p. 1) oilseed
production will increase in the future and is therefore one driver for the expected increase in global
demand for mineral P [84] (p. 2). Thus, by reducing demand for feedstuff, e.g., soy, mineral P fertilizer
consumption may be reduced as well. Notwithstanding this, due to a minimised livestock production
required in the future, the supply of organic fertilizers (including P) will be significantly restricted
as well. This is especially the case since the general transformation of the energy sector towards
renewables is also combined with the use of animal manure for bioenergy production [85]. Thus, in
order to prevent a higher demand for mineral P fertilizers in the aftermath, mixed farming models
with an area-bound livestock farming, that are optimally adapted to the site-specific conditions [86]
(p. 160) and include practices like cereal/legume intercropping [87] that enhance natural soil fertility
must be stimulated by appropriate policy instruments [88], [89] (pp. 40, 135). However, in order to
achieve the necessary worldwide reduction in meat consumption, which, as has been shown, is closely
linked to the challenge of closing P fertilizer cycles in the future, would require behavioural changes
i.e. frugality, and must be triggered by appropriate policy instruments. The requirement for an overall
reduction in livestock farming that is also optimally adapted to the area, is not contradictory, since
intensive livestock farming systems keep livestock numbers far beyond the locally available farmland
capacity (see also Section 2 the case of Germany) [77]. Overall, this indicates a total revision of previous
agricultural concepts, which were rather based on further intensification and specialisation instead of
site-adapted integrated crop-livestock systems [71,88,90].
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3.2. Constitutional Anchoring of Environmental and Resource Protection Law at the National and
European Level
The adoption of frugality as well as efficiency (the more efficient use of resources) and consistency
(the reuse of resources) includes the un-popular measure of lowering consumption and is thus
politically complex. However, whether or not natural (P) resources must be sustained is not left
to the political discretion of states. Besides a legal obligation to prevent climate change, a duty to
prevent the loss of biodiversity and the degradation of soil and water pollution can be derived also
from fundamental rights [29] (pp. 255–262). In particular, among the prerequisites for a free life in
dignity are the sufficient availability of water, food and air [29] (pp. 255–262). Since P is an essential
nutrient for plants, animals and humans and inappropriate P fertilization causes negative effects on
the environment (eutrophication of water bodies, soil degradation, e.g., due to heavy metal inputs)
the usage of P in agriculture is therefore linked to the fulfilment of fundamental rights. This applies
in particular if intensive agricultural practices combined with a high mineral P fertilizer input could
ultimately lead to a collapse of the Earth system by endangering its physical foundations, such as a
stable climate, healthy soils, sufficient water, and biodiversity [29] (pp. 223, 328–330), [91].
Therefore, it has been shown repeatedly that in international, European, and national law, a
relevant constitutional protection results from fundamental rights considerations regarding the right
to life, health and a minimum subsistence level including a right to food [29] (pp. 194–375), [92–94].
However, legal practice has largely ignored this so far, since the problems caused by P have not yet
been recognized. Among the less stringent objectives such as in the German constitution (Art. 20a GG)
or the EU primary law in Art. 37 of the EU Charter of Fundamental Rights (CFR), and Art. 11 of the
Treaty on the Functioning of the European Union (TFEU) [95] (p. 93), [96] (p. 173) statements such as
those contained in Art. 191 TFEU (objective of prudent and rational utilisation of natural resources)
can be found. However, no tangible restrictions on the use of scarce resources such as P or the soil exist.
Article 50 of the Costa Rican Constitution lays down the “right to a healthy and ecologically
balanced environment” together with the right of individuals to report violations to the environmental
tribunal. According to the 2015–2018 National Development Plan, the right to food and nutrition
sovereignty is to be written into the constitution [97] (p. 291). Since fundamental environmental
obligations have so far tended to be overlooked by a variety of states, it remains to be seen whether
this will change anything in reality. Costa Rica’s strong export orientation in particular runs counter
to the right to food sovereignty, defined as “the right of people to produce, distribute and consume
healthy food in and near their territory in an ecologically sustainable manner” [98] (p. 588).
The Nicaraguan constitution of 1987 was last reformed in 2014, enabling the reelection of the
president (Daniel Ortega). At the same time, Art. 60 of the Nicaraguan Constitution was extended [99].
Based on Art. 60, the obligation arises for all inhabitants to maintain a clean environment and to
protect it and its natural resources. In addition, “Mother Earth” (in Spanish “madre tierra”, where
“tierra” can have two meanings “world” and “soil”) and all life-sustaining natural processes, thus also
a healthy soil, next to the explicitly mentioned biodiversity is of particular importance. The earth is
attributed dignity as an independent, living object. “It is to be loved, to protected and to regenerated”
(Art. 60 Nicaraguan Constitution). The Nicaraguan people must adopt consumption and production
practices that guarantee the vitality and integrity of the earth, with particular emphasis on the integrity
of ecosystems and biodiversity. The social equality of people and responsible consumption based on
solidarity and good coexistence must be achieved in accordance with Art. 60 of the Nicaraguan
constitution. At the same time, Art. 60 of the Nicaraguan constitution refers to the Universal
Declaration of the Common Good of the Earth and Humanity [100]. This Declaration (Declaración
Universal del Bien Común de la Tierra y de la Humanidad) has been drawn up as a supplement to
the Universal Declaration of Human Rights. The need to reduce means of production and goods
of consumption, to reuse products and to collect and recycle waste is emphasized), which was
signed by Nicaragua on 6 February 2010 (as the first country to do so) but has not yet become valid
internationally due to a lack of states that have ratified the declaration [101]. Art. 102 of the Nicaraguan
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constitution obliges the state to protect natural resources and to use them rationally, but according to
the national interest.
With regard to resource protection and the use of natural resources, it is interesting that
although the obligation to protect resources has a human rights basis (due to the binding character
of international treaties on human rights and the respective constitutions) it is still ignored more
or less everywhere. With regard to the fact that the European and the German jurisdiction accepts
environmental fundamental rights in theory but do not draw any consequences from these rights in
reality, see Ekardt 2018 [102] and Calliess 2001 [93]. However, it can be derived directly from Art. 60 of
the Costa Rican Constitution and was incorporated into Art. 102 of the Nicaraguan constitution as well.
Furthermore, Nicaragua is the only country that has included the necessity to implement frugality in
its constitution and therefore is very progressive in this respect. Due to the lack of enforceability by the
courts in Nicaragua a targeted practical implementation of all this is again not discernible.
3.3. Environmental and in Particular, Soil Protection Legislation
3.3.1. EU and Germany
In addition to the above-mentioned binding international objectives in the climate and biodiversity
sector, EU agricultural and environmental legislation has a major influence on national agricultural
practices and thus on P use and the level of environmental protection in the member states. First, the
EU Nitrates Directive [103] requires member states to encourage Good Agricultural Practices and to
adopt action programmes in order to reduce water pollution from N compounds from agricultural
sources and to prevent further water pollution [104] (p. 10). Good Agricultural Practices include inter
alia periods during which fertilizers should not be applied to agricultural land or rules on procedures
for the application of fertilizers (Annex II of the Nitrates Directive). In addition to the mandatory
rules on nitrate fertilization, some EU member states, such as Ireland and the Netherlands, have
also introduced limits for P. This has improved fertilization practice in some areas in recent decades,
albeit with large differences between EU member states in both the P and N-balance [105] (pp. 4–5).
Nevertheless, P is not specifically the focus of the directive. Besides the EU Nitrates Directive is an
important instrument for implementing the EU Water Framework Directive (WFD) [106]. Art. 4 para.
1 WFD obliges EU Member States to achieve a good ecological and chemical status of surface waters
and a good quantitative and chemical status of groundwater bodies by 2027 at the latest. The WFD
also mentions P compounds as pollutants for water bodies [106] (p. 46), although, a clear reference
to P fertilization is also missing here. P has been included in the WFD list of agri-environmental
indicators describing the main impacts on water quality. However, due to limited data availability and
methodological difficulties, the indicator is not yet considered applicable.
A further key component of European agricultural legislation is the Common Agricultural Policy
(CAP). To receive direct payments within the framework of the first pillar of CAP, farmers have to
comply with cross-compliance rules. According to Regulation (EU) No. 1306/2013 [107], these rules
include standards for good agricultural and environmental conditions (GAEC) which potentially
contribute to the reduction of P losses in agriculture [108]. For example, standards for better soil
management reduce soil erosion and the loss of soil organic matter and thus minimize P losses [109]
(p. 15). The regulations, however, are not explicitly aimed at P and there is no obligation for farmers
to limit P use within the cross-compliance system [110] (p. 26). In fact, cross-compliance is merely
a basic requirement for environmental and resource protection, which is not sufficient to develop
truly sustainable and circular economy based agricultural systems. Hence, most subsidies continue
to be paid for unsustainable farming methods and thus the CAP does not contribute adequately to
the protection of natural resources such as soil or biodiversity [111,112]. This continues to remain
valid after the reform of the CAP in 2013 [111,112]. The Greening introduced in this context aimed
to make the EU agricultural sector more environment-friendly by having direct payments to farmers
more closely linked to environmental services, in particular: crop diversification, the maintenance of
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permanent grassland, and the creation of ecological focus areas (Art. 43 para. 2 Regulation (EU) No.
1307/2013) [113]. But it is up to the EU member states whether or not they use their considerable scope
for implementation of more sustainable agricultural practices. In particular, the political will of the
EU member states strongly influences the design of agricultural environment programmes within the
framework of rural development policy [114]. The second pillar of CAP can certainly contribute to
reducing P losses in agriculture if an appropriate focus is set. So far, this is still lacking. In addition,
the second pillar is chronically underfunded [115,116]. The extent to which the CAP can develop an
enhanced influence on more sustainable P management in the future will therefore depend primarily
on its further revision by 2020.
In addition to the national implementation acts of the CAP, various areas of environmental law
show potential impact on the P problem in Germany. First of all, the Federal Nature Conservation
Act (BNatSchG) [117] in § 1 para. 3 No. 2 BNatSchG initially stipulates that soils must be preserved
so that they can fulfil their ecosystem functions. The BNatSchG is concretised by the laws for the
protection of soils, water and air among other sector-specific laws [118]. However, the water protection
provisions of the Federal Water Act [119], which implements the objectives of the European Nitrates
Directive and the WFD, as well as the Federal Emission Control Act [120], which implements the
European Directive on the reduction of national emissions of certain atmospheric pollutants (NEC
Directive) [121] and the Air Quality Directive [122], are not applicable to agricultural land use. The
same applies to the Federal Soil Conservation Act (BBodSchG) [123]. In the absence of an European
Soil Framework Directive [124–126] the BBodSchG aims at the protection and restoration of sustainable
soil functions (§ 1 BBodSchG).
With regard to agricultural soil use, the principles of Good Agricultural Practice are introduced in
§ 17 BBodSchG. Good Agricultural Practice includes, for example, site-adapted soil cultivation, and
the promotion of biological activity through appropriate crop rotation management. Yet according to §
3 para. 1 BBodSchG, soil protection law is subsidiary and it only applies if the waste legislation, the
sewage sludge ordinance, the fertilizer and plant protection legislation, the construction and planning
law and the emission protection legislation, do not already regulate the effects on the soil. This makes
the fertilizer law primarily relevant for P inputs (see Section 3.4), while subsidiarity keeps the steering
effect of soil protection and other environmental laws with regard to P and sustainable land use low.
3.3.2. Costa Rica
Already in the Basic Act on the Environment No. 7554 of 1995 [127], with the objective of
maintaining a healthy and ecologically balanced environment, general requirements for the protection
of biodiversity (Art. 46 ff.), forests (Art. 48 ff.), air (Art. 49), and water (Art. 50 ff.) are determined.
In addition, requirements for the protection of soils are made (Art. 53 ff.). According to Art. 53a Law
7554, a balance between the natural potential for soil use and the economic production capacity of the
soil should be established. Soil management practices that cause erosion (and thus also promote the
discharge of P into neighboring ecosystems) or other forms of soil degradation must be controlled in
accordance with Art. 53b Law 7554 as well as the use of chemical and radioactive substances (Art. 60f
Law 7554). Agricultural practices that contribute to soil and water protection must be encouraged (Art.
53c Law 7554). The principles laid down by Law 7554 serve as a framework for the sector-specific
laws and their implementing ordinances. An important tool is the Environmental Impact Assessment
(EIA) for new projects that show a potentially negative impact on the environment. According to the
definition in Art. 3 No. 3 ICW No. 16 of the Implementing Ordinance to Law 7554 [128], however,
“new projects” in agriculture are only given in the case of land use changes. The purchase of small,
formerly agriculturally used areas and their conversion into large, monoculturally cultivated areas, as
is often the case with industrial pineapple cultivation, is not covered by this. Therefore, no steering
effect can be achieved with regard to sustainable agricultural land use, in particular a possibly lower
use of mineral (P) fertilizers and pesticides is not encouraged.
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The Soil Conservation Act of 1998 No. 7779 [129] further specifies the regulations for sustainable
land use and the restoration of degraded soils. Art. 2 Law 7779 provides for a regular inventory of
soils to balance the natural soil potential and economic production capacity of the soil. Agroecology
is also to be promoted in order to reconcile agricultural production with the protection of resources,
soil, and water [130,131]. The Ministry of Agriculture and Livestock (MAG) should create a national
land management and soil protection plan with binding guidelines on agricultural land use (Art. 7
ICW Art. 11 Law 7779). Every two years, the national plans are to be reviewed and adapted to current
circumstances (Art. 14 Law 7779). Art. 12 of Law 7779 specifies the objectives of the national land
management and soil protection plan. The aim is to achieve: an increased vegetation cover and water
infiltration rate; an improved runoff regime and reduced soil contamination; a soil management system
that promotes natural soil fertility by maintaining the organic matter of the soil.
These objectives are conducive to avoiding soil degradation, reducing nutrient leakage, and
thus minimise the need for (mineral) P fertilizers in agriculture [132]. In addition to the national soil
protection plan, regional soil protection and restoration plans are to be drawn up (Art. 15 Law 7779).
Their objectives according to Art. 16 Law 7779 are: to define sensitive soils based on water catchment
areas, to submit proposals for the best possible type of soil use, to carry out basic soil investigations for
the soil cadastre, and to develop strategies that ensure adequate soil use in each case.
According to Art. 19 Law 7779, the practices for land use, which are to be made binding by the
regional soil plans, must also include the handling of (mineral) fertilizers and pesticides in accordance
with the technical recommendation of the MAG as well as strategies for organic fertilization and
erosion control. MAG together with the Ministry of the Environment and Energy (MINAE) are also
responsible for regulating and controlling agricultural inputs and machines and equipment used
(Art. 30 Law 7779). It would therefore be conceivable—given the sensitivity of the site due to a high
probability of soil erosion or the threat of nonreversible soil degradation—to restrict or even prohibit
the use of rapidly soluble mineral (P) fertilizers (and pesticides) on the basis of the binding regional
soil protection and restoration plans.
However, research into the implementation and application of the Soil Protection Act has shown
that neither the national land management and soil protection plan nor regional soil protection and
restoration plans—with the exception of the central region of Costa Rica—have been fully developed
to date [133]. A steering effect with a view to a site-adapted agricultural land use and a reduced use of
mineral P fertilizers thus cannot be achieved.
3.3.3. Nicaragua
The Basic Act on the Environment and Natural Resources No. 217 of 1996 [134,135] pursues
the overall objective of maintaining a clean environment (atmosphere, biodiversity, soil, and water)
and protecting natural resources (Art. 1 Law 217). Soils should be used according to their natural
conditions, such as physical and chemical properties and the resulting production capacity, while
maintaining their natural balance (Art. 105 Law 217). Practices that promote soil erosion or degradation
or negatively affect the topographical and geomorphological properties of soils should be avoided.
In case of severe land degradation, the Ministry of Agriculture (MAG), in consultation with the Ministry
of Environment and Resources (MARENA) and the governments of the autonomous territories of
Nicaragua, may designate soil protection areas and restrict their use (Art. 107, Law 217). However, this
optional provision applies only if land degradation has already occurred. Nicaragua does not have a
sector-specific law for soil protection and thus also not for the prevention of soil degradation through
agricultural use.
To achieve the objectives laid down in the Law 217, a national environmental plan, the designation
of protected areas and national parks, environmental impact assessments, payments for ecosystem
services, or subsidies from the National Environmental Fund [135], are named as instruments (Art. 11
Law 217). The Environmental Fund has been linked to existing sector-specific laws such as the National
Forest Act [136] or the National Water Protection Act [137]. Since there is no specific national soil
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protection act, no corresponding connection can be established. As a consequence, with regard to soil
protection, no concrete implementation, control or sanction mechanisms are formulated, although the
obligation for sustainable use of the soil has been constitutionally reestablished. Thus, the principles of
soil protection laid down in the constitution are not transposed into simple national law and therefore
remain ineffective.
3.3.4. Conclusions from a Comparative Legal Perspective
The legal studies of environmental law in the individual countries show that environmental
and specifically soil protection law is de facto inadequate in all three countries. In particular, soil
protection is severely neglected in Germany. Firstly, because unlike in the field of water protection, a
European Soil Framework Directive does not exist [138]. Thus, national soil protection law applies,
which however is subsidiary to various sector-specific-laws, such as the fertilizer law, that hardly
protects agricultural soils due to a traditionally strong focus on economic productivity, disregarding
the natural utilisation potential and sensitivity of soils [108] (see also Section 3.4). Secondly, European
CAP has a major influence on practices of land management by German farmers and their (P) fertilizer
use but is not yet sufficiently oriented towards environmentally friendly and resource-conserving
agricultural practices. Other European directives only refer to individual pollutants such as N or do
not consistently include appropriate agricultural land use in order to protect the soil or to encourage
recirculation of the scarce resource P in the future.
In Costa Rica, a lack of implementation of the Soil Conservation Act renders soil protection
law ultimately toothless, while other environmental protection provisions of the Basic Act on the
Environment do not explicitly include agricultural land use. The corresponding preference for
intensified agricultural production over soil protection becomes particularly evident in the recently
created exemption for agriculturally used soils as new projects within the framework of the EIA
However, the same can be observed for the EIA at the European level, which has been established
since 1985 [139] and imposes no requirements for the articulation of alternatives to the project under
consideration in case of agricultural land use [140] (p. 168) and the Nicaraguan EIA which does not
include agricultural land use from the outset [141,142].
In Nicaragua, the overarching objectives for soil protection have not yet been sufficiently specified
and thus cannot be applied. Soil protection measures can only be considered once harmful soil
changes have already occurred—and are not even then mandatory. Agricultural land use, including
(P) fertilization, therefore does not have to follow the maxim of soil protection.
It can be concluded that although the laws on soil protection are designed in different manners or
are implemented to different degrees in the individual countries, soil protection is ultimately not lent
the attention it deserves. In particular, agricultural land use and the use of (P) fertilizers as a major
potential threat to soil quality are not consistently incorporated in soil protection legislation.
3.4. Fertilizer Legislation
3.4.1. Product-Related Fertilizer Legislation
Next, specific fertilizer legislation is considered. Mineral fertilizers require registration and
approval in accordance with product-related fertilizer legislation. In Germany, the Federal Ministry
of Food and Agriculture (BMEL) is entrusted with the approval of new fertilizers. The requirements
of the Fertilizer Ordinance, DüMV [143] apply. The DüMV regulates the authorisation of fertilizers
which are not designated as “EC-fertilizers”, which are all fertilizers that are regulated by the EC
Fertilizer Regulation 2003/2003 [144] (§ 2 Para. 1 DüMV). These must correspond to a type of fertilizer
approved by the ordinance (§ 3 Para. 1 DüMV) and must comply with requirements regarding
nutrient and pollutant contents. For fertilizers from waste streams, corresponding quality and hygiene
regulations from special laws such as the Sewage Sludge Ordinance (AbfKlärV) [145] or the Biowaste
Ordinance (BioAbfV) [146] apply. Furthermore, the new AbfKlärV requires larger sewage treatment
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plant operators to recover P from sewage sludge prospectively (§ 3 AbfKlärV). Mineral fertilizers
can also be marketed under the already mentioned EC Fertilizer Regulation 2003/2003 [144], which
is currently being extensively amended, inter alia, to include and promote fertilizers from organic
materials, recycled bio-waste or recycled P from sewage sludge [147].
In Costa Rica, registration for mineral fertilizers is handled by the State Plant Protection Agency
(SFE) in accordance with the Plant Protection Act No. 7664 [148]. In Nicaragua, the Institute for the
Protection and Health Monitoring of the Agricultural Sector (IPSA) is responsible for the registration
and quality control of agricultural inputs in accordance with the Basic Law on Animal and Plant
Health No. 291 [149] as an independent institution (Art. 2, 37, Law 291). In addition, a Central
American technical implementation regulation [150] exists, which regulates basic requirements for the
registration of fertilizers in Costa Rica, Nicaragua, El Salvador, Guatemala, and Honduras.
Mineral P fertilizers extracted from mines are increasingly contaminated with heavy metals like
U and Cd [151]. While no limit values exist for U, certain maximum values per kilogram of P2 O5 are
specified for Cd (see Table 1).
Table 1. Limit values for Cd in the case countries.
Region

Regulation

Limit Value

Europe
Germany
Central America
Costa Rica
Nicaragua

EC 2003/2003
DüMV
RTCA 65.05.54:09
RTCR 485:2016 [152]
RTCA 65.05.54:09

no limit for Cd
50 mg/kg P2 O5
no limit for Cd
80 mg/kg P2 O5
no limit for Cd

In particular, phosphates from sedimentary phosphate deposits usually contain an average value
of over 60 mg Cd/kg P2 O5 , with maximum values of over 80 mg Cd/kg P2 O5 possible [153–155].
There is a relatively high risk of Cd being transferred to the plant or groundwater, especially in
combination with Cd concentrations above 60 mg Cd/kg P2 O5 , low pH values (below 6.5) or low
organic matter content in soil (below 1%) [153]—soil characteristics that regularly occur in deeply
weathered tropical soils. Otherwise, the probability that Cd accumulates in the soil in the long-term
increases [156].
Against this background, only the existing limit value of 50 mg Cd/kg P2 O5 according to the
German DüMV could displace most mineral P fertilizers from the market and thus indirectly promote
organic/recycled P fertilizers. However, this potential steering effect is counteracted by the fact that the
DüMV only applies to the marketing of fertilizers which are not declared as “EC-fertilizers” (§ 2 Para. 1
DüMV). The limit value of 80 mg/kg P2 O5 decided in Costa Rica in 2016, on the other hand, is to be
regarded as comparatively high and therefore still permits the usage of most mineral P fertilizers. In
Nicaragua, there is no steering effect with regard to the limited use of mineral P fertilizers due to the
lack of limit values. As a result, the use of mineral P fertilizers has not yet been significantly restricted
in any of the three countries by qualitative approval requirements.
In the context of the current amendment process of Regulation EC 2003/2003, setting an EU-wide
limit for Cd in mineral fertilizers—after its failure in 2003 [157]—is again discussed within the Circular
Economy Package [28]. The European Parliament supports the proposal to introduce a limit value
for Cd of 60 mg/kg P2 O5 and to reduce it to 40 mg/kg P2 O5 after six years and to 20 mg/kg P2 O5
after 16 years [158]. Nonetheless, the long transition periods do not reflect the need for rapid change
in the agricultural sector, which is unlikely to come of its own accord, as long as mineral P fertilizers
continue to be available at reasonable prices. The EU-wide promotion of P fertilizers from secondary
sources such as organic or recycled P fertilizers intended by setting limits for Cd must take place more
quickly, especially in order to meet the international objectives in the area of climate and biodiversity
protection. It remains to be seen whether the amended European Fertilizer Ordinance will finally set
limits for Cd and what form this will ultimately take.
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3.4.2. Applied Fertilizer Legislation
With regard to the application of fertilizers, the provisions of the Fertilization Act (DüngG) [159]
and the Fertilization Ordinance (DüV) [160] apply in Germany. They were comprehensively reformed
in 2017, not least in order to avert conviction of Germany under the European Commission’s
infringement proceedings for excessive N inputs into surface and groundwater bodies. This is also
reflected in the extended purpose of the Fertilizer Act, which now includes ensuring sustainable and
resource-efficient handling of nutrients in agriculture and avoiding nutrient losses into the environment
(§ 1 DüngG). According to § 3 para. 2 DüngG, fertilization must be applied following Good Agricultural
Practice. This is further specified in the DüV and comprises the application principles in § 3 DüV, in
particular the location- and needs-based fertilization. The basis is the soil samples prescribed in § 4 DüV,
whereby the available P-quantities must be determined at least every six years in accordance with § 4 (4)
No. 2 DüV. Following the amendment, Annex 4 of the DüV contains more precise specifications for
determining the plant’s nutrient requirements, although the specifications only apply to N. In principle,
the new DüV focuses significantly more on N than on P, which is reflected not only in the details for the
plants requirements but also in the limitation of the absolute N input in accordance with § 6 (4) DüV.
A corresponding regulation for P is missing. Specifically, for P fertilization, the new DüV provides in §
3 para. 6 that P fertilization in areas with >20 mg P2 O5 per 100 g of soil may only be carried out up
to the level of the expected phosphate removal. Appeals can only be made in individual cases or on
the basis of the newly introduced country authorisation clause (§ 13 (2) s. 4 No. 3 DüV). In fact, the
new § 9 para. 3 DüV halves the permitted average six-year P balances from 20 kg/ha/a to 10 kg/ha/a
starting from 2023. Yet, P surpluses and thus potential P losses remain permissible. Overall, the new
fertilizer law, with the obligation to apply P fertilizers in line with demand, the P limitation to highly
supplied soils and the limitation of the maximum P balances as well as some application restrictions,
certainly includes approaches for more sustainable P management, but does not make full use of its
potential [132].
In Costa Rica and Nicaragua, a comparable applied fertilizer legislation does not exist.
The handling or permitted quantity of P fertilizer used as well as permissible nutrient surpluses
in soils are not prescribed by law. Instead, there are general guidelines on Good Agricultural Practice
(Buenas Prácticas Agrícolas, BPA). The BPA was supported in Central America from 2009 to 2011 under
the Protocol on Land-Based Pollution of the Caribbean. This legally binding protocol was concluded
on the basis of Art. 4 para. 3 and Art. 17 of the Cartagena Protocol [161] as an initiative of the United
Nations Environment Programme [162]. In this context, instructions on BPA for various crops, the
preferred use of organic fertilizers and integrated pest management have been developed [163–166].
The objective of the BPA is to achieve a more efficient use of fertilizers and pesticides in agriculture.
In a reference project on banana cultivation on the Caribbean coast of Costa Rica, the use of mineral
fertilizers fell by 25% [167] (p. 28), [168] (p. 3). The complete renunciation of mineral fertilizers and
pesticides is not foreseen and there is therefore considerable scope for the application of BPA.
However, the concept of BPA is based on the principle of voluntary certification. In particular,
domestic small and medium-sized producers are addressed by the BPA. Due to the lack of domestic
sales markets and high certification costs, the application of BPA has not yet been fully established,
neither in Costa Rica nor in Nicaragua. Even though the certification costs in Costa Rica can be partially
covered by the “Recognition of Environmental Benefits” programme [169]—a type of investment
subsidy [170] (p. 142)—only 252 farmers applied the BPA in 2016 [40] (p. 4). According to Costa Rica’s
National Development Plan for 2015–2018, the objective is to integrate a total of 1600 farms into the
BPA [40] (p. 4). During the last survey of the BPA in Nicaragua in 2011, about 750 producers applied
the BPA [171] (p. 5).
In addition, Law No. 765 [172] in Nicaragua explicitly pursues the goal of promoting agroecological
and organic agriculture. In Costa Rica, Law No. 8591 [173] and its implementing regulation [174] to
promote organic farming was enacted in 2007. Again, certification for organic agricultural products is
only desirable for the producer if corresponding markets exist. This has not yet been sufficiently achieved
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within Nicaragua and Costa Rica. The total share of ecologically certified production is 0.4% in Costa
Rica and 0.7% in Nicaragua [35] (p. 46). Approximately 28,000 farmers in Nicaragua work according
to agricultural-ecological principles, some of them however without certification [175] (p. 5).
Overall, the problem is that binding national regulations for the utilization of fertilizers valid for
all farmers do not exist, and also the requirements for BPA have not been incorporated into national
legislation or been improved with regard to efficient and consistent use of (P) fertilizers. In this respect,
a governance gap exists in Costa Rica and Nicaragua [176]. In Costa Rica, Art. 19 of Law 7779 already
provides the legal basis for the integration of binding regulations for the utilisation of fertilizers in the
field of soil protection law. However, the lack of consistent implementation appeals to be a result of
an ambition gap [177]. Riggs identifies an “ambition gap” [178] (p. 3) particularly with regard to the
implementation of climate protection targets in accordance with the PA. This can also be applied to the
missing establishment of national soil protection plans in Costa Rica, which would have to include
rules for appropriate P fertilization practices (Art. 19 Law 7779) [129] and might also be applicable to
the missing specification of soil protection legislation in Nicaragua.
Thus, from a comparative legal perspective, it can be stated that mineral P fertilizer use in
agriculture remains either insufficiently regulated as in Germany or is not subject to any legally binding
restrictions in Costa Rica or Nicaragua. In particular, Good Agricultural Practices—as it is understood
and designed in each case—do not yet promote the closing of the P nutrient cycles and hence the
protection of soils adequately; even though the German fertilizer law has recently been amended
to improve nutrient efficiency. As a result, Good Agricultural Practice must be comprehensively
reoriented in all countries to meet the future challenges with regard to sufficient food production as
well as resource and environmental protection. However, increased and more intensive monitoring
and enforcement problems [29] (p. 467) are likely to occur if strict and binding rules for Good
Agricultural Practice are established. It may therefore also be necessary to create further, alternative
legal instruments (see also Section 4).
4. Discussion and Concluding Remarks
Germany, Costa Rica and Nicaragua are each facing the challenge of overcoming dependence on
imported mineral P extracted from mining and establishing sustainable agriculture with closed nutrient
cycles, so that natural resources are protected in the long-term. A P-governance that consistently
aims to reduce the amount of mineral P fertilizers used and promotes alternative fertilizers, and
therefore also considers protection of soil, water, biodiversity, and climate is appropriate. So far,
legislation in all three countries has not yet found the right answers to the existing challenges, even
though obligations in the area of environmental protection can be derived from internationally binding
agreements as well as from fundamental rights. In all three countries, agriculture is still essentially
dependent on the use of fossil fuels and mineral (P) fertilizers. In each case, a strong export orientation,
with far-reaching separation of livestock farming and crop production is evident, while permitting
negative environmental effects on soils, water, biodiversity and climate, which may ultimately lead to
irreversible environmental damage [29] (pp. 450–459), [90].
In order to close the P fertilizer cycles in the future, a better understanding of the process of P is
necessary. In general, measures to increase the availability of P in the soil for plants are increasingly
being investigated. Microorganisms, mycorrhization and crop rotation play a decisive role in this
context [179]. This applies equally to Central European and tropical soils. Organic fertilization,
mixed cultivation and intercropping—principles which contribute to increase the plant availability of
P—have so far been most closely anchored in agroecological and organic agriculture. These practices
are inadequately promoted. Legal initiatives in this regard have not achieved the desired results and
are largely overshadowed by export-oriented agricultural policies. In non-European countries such
as Costa Rica and Nicaragua, misguided subsidies under the CAP, which are insufficiently linked
to environmental requirements or the utilisation of organic fertilizers within Europe, additionally
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increase the pressure to produce competitively [180,181], and in cases of doubt with a high use of
mineral (P) fertilizers.
Soil protection is also inadequate in each case. In Germany, partly contrary special laws in the
fertilizer legislation prevent comprehensive soil protection. In Costa Rica the lack of implementation
of existing soil protection and in Nicaragua the general, inadequately specified requirements for soil
protection law do not show any relevance in practice. At the same time, the use of mineral P fertilizers
is largely uncontrolled or misguided in the individual countries. The respective product-related
fertilizer legislation has already missed the possibility of restricting the use of mineral P fertilizers and
thus indirectly promoting organic or recycled P fertilizers; for instance, through strict limit values for
heavy metals such as Cd.
In addition, there are no control mechanisms which can consistently minimise the total quantity
of mineral P used, and legislation in the individual states does not encourage any structural changes in
agriculture. These should aim in particular at livestock farming practices that are optimally adapted to
the site-specific conditions. In particular, it was shown that livestock production needs to be strongly
minimized in total and at the same time much better distributed spatially than today [74]. In order to
achieve this and to close P nutrient cycles in agriculture, efficiency and consistency (such as precision
farming and P recycling) and in particular frugality, i.e., more modest consumption patterns, have
to be included in P governance. So far, also the recovery of P from sewage sludge prescribed in
Germany by the amended AbfKlärV [145] as an important consistency strategy neither encourages
any structural changes in agriculture nor stimulates frugality and can therefore be seen as only one
step on the way to close the existing governance gap. In this context, the potential steering effect of
command-and-control law in agricultural legislation must generally be questioned, since—also in
Germany—a large number of individual processes in agriculture make corresponding implementation
difficult. In addition, there are fundamental governance deficiencies in the regulatory approaches
such as possible rebound and shifting effects [29] (pp. 408–412). Command-and-control and subsidy
approaches with their focus on a special place, action, or product have the disadvantage that they tend
to trigger unwanted shifting effects of environmental problems to other countries and where possible,
to other sectors. Reducing fertilization e.g., in Germany, could lead to intensified farming practices
elsewhere. This also makes it hard to primarily focus on new approaches that are only established
on a domestic level (e.g., meat tax). Also, there are potential rebound effects if e.g., fertilizer use is
improved in a specific area, while at the same time the overall global trend of increasing land use
continues. Frugality and the general need for quantity control for various resource and sink problems
might require economic rather than regulatory approaches as the main instrument, which does not
necessarily exclude the need for additional regulatory requirements. A cross-sectoral and ambitious
cap on the availability or pricing of fossil fuels, land use or livestock farming as a first legislative action
would be conceivable [76], [29] (pp. 459–470). In this respect, there is still a long way to go towards
sustainable agriculture. One of the many steps towards this is closing the P governance gap [176].
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