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  Abstract   A deep contrast of NP balances, water nitrate contamination, soil P and 
rural development has appeared between Western and Eastern European countries 
since the implementation of the European nitrate directive in 1991 (91/676/EEC). 
In an economy ruled by free market rich countries become richer and poor countries 
become poorer from the point of view of water nitrate contamination and soil P 
overloads. There is a need for a paradigm shift in the European agro-environmental 
protection legislation. Instead of speaking about it, agro-environmental protection, 
social, and rural development principles should gain real priority. According to the 
principle of subsidiarity, the present problems can be solved only at the highest 
European-level, i.e., in the legislation and in the administration. 

 We reviewed the anomalies in the NP turnover of the European countries. 
The major points are: (1) instead of some agronomic factors such as soil NP status, 
added farmyard manure, and expected yield level, per capita gross domestic product 
and population density were the major factors affecting the magnitude of mineral 
and organic NP application. (2) Countries with the highest livestock densities do not 
take into account previous farmyard manure application and soil P status as mineral 
NP dose diminishing factors. This practice contradicts to the basic principles of 
sustainable crop nutrition. As a result, between 1991 and 2005, highest P surpluses, 
the most positive P balances were reached in the countries with the highest soil P 
level, further enhancing their agricultural P load to the environment. (3) Similarly, 
the European countries with the highest organic NP application, The Netherlands, 
and Belgium, were those who applied most mineral NP fertilisers reversely to 
the agronomic principles, and, resulting in most positive NP balances, and, as a 
consequence, the most severe environmental threat, the most severe agronomic NP 
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load to the environment. (4) The major cause of heavy agricultural NP loads to 
the environment was livestock density exceeding 100 livestock units 100 ha 
agricultural land −1 . (5) A positive correlation was found in the European countries 
between cumulative N balances for the period of 1991–2005 and the degree of 
ground water nitrates contamination. The main added value of this paper is to 
compare NP balances values to groundwater nitrate contaminations as well as 
soil P status, and evaluate their correlation from both agronomic and environmental 
point of views. Former works evaluate these factors, although correlative to each 
other, separately (Steén I, A European fertilizer industry view on phosphorus 
retention and loss from agricultural soils. In: Tunney H, Carton OT, Brookes PC, 
Johnston AE (eds) Phosphorus loss from soil to water. CABI, Wallingford, 
pp 311–328, 1997; OECD, Environmental indicators for agriculture, vol 3. OECD, 
Paris, pp 117–139, 2001; OECD, OECD trends of environmental conditions 
related to agriculture. In: Environmental indicators for agriculture, vol 4. OECD, 
Paris, Chapter 3,   www.oecd.org    , 2008).  

  Keywords   Agricultural NP loads  •  Polarization  •  Livestock density  •  Nitrates 
Directives  •  Ineffi ciency  •  New priorities in EU legislation  

  Abbreviations  

  EU    European Union   
  EU15 countries     The Western European EU countries including Austria 

Finland and Sweden   
  FER    Mineral fertiliser   
  FYM    Farmyard manure   
  GDP    Gross Domestic Product   
  NEU12 countries     The newly joined Central- and Eastern European countries 

including Bulgaria and Romania   
  STP    Soil test phosphorus         

    1   Introduction    

 In    2008, all the different sciences, related to planet earth, including disciplines 
dealing with agro-environmental sciences, receive special attention: as a mutual 
initiative of the International Union of Geological Sciences (IUGS) and United 
Nations Educational, Scientifi c and Cultural Organization (UNESCO), United 
Nations Organization declared the year 2008 as the “International Year of Planet 
Earth”  (  The International Year of Planet Earth .   www.esfs.org    ). This event under-
lines the importance of sustainable crop nutrition and land use practice all over the 
world, including the EU. 

http://www.oecd.org
http://www.esfs.org
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 According to Webster’s Dictionary (Webster  1961  ) , the description of “Union” is: 
“A uniting into a coherent and harmonious whole”. The question emerges, whether 
how much is consistent the plant nutrition practice of the farmers in the different EU 
countries to this description? And how much does the EU agro-environmental 
protection legislation help the various

   Directives:

   Nitrates Directives/91/676/EEC/;  • 
  Water Framework Directives/ • 2000 /60/EC/, etc.     

  Strategies:

   Principle that environmental dimension should be integrated in all Community • 
policies/The Cardiff European Council, June,  1998 /;  
  Integrating environmental dimensions into the Common Agricultural Policy/• 
CAP/The Helsinki European Council, December,  1999 /;  
  EU Sustainable Development Strategy/The Göteborg European Council, June,  • 2001 /;  
  Environmental integration and sustainable development incorporated into CAP/• 
The Agricultural Council, April,  2001 /, etc.     

  and Policies:

   Common Agricultural Policy/Swinbank and Daugbjerg  • 2006 /, etc.,      

so that the farmers’ plant nutrition practice be united “into a coherent and harmo-
nious whole”? 

 Nutrient balances, especially those of nitrogen and phosphorus, are important 
environmental indicators. The approaches and methodology of these balance calcu-
lations may differ signifi cantly, which is why there are limitations in the comparison 
of the data. In recognition of their importance, the countries belonging to the 
Organisation for Economic Co-operation and Development (OECD) group have an 
obligation to submit yearly calculations on soil surface N and P balances (OECD 
 2001,   2008  ) . The advantage of OECD calculations is that the countries involved 
elaborate on their NP balances using the same methodology. Consequently, the NP 
balance calculations of these individual countries are comparable. As a new initia-
tive, EUROSTAT has started a program of estimating NP balances in the EU 
countries on NUTS-2 level (TAPAS  2007  ) . The magnitude of mineral and organic 
NP use has a major effect on NP balances. Therefore, it is essential to investigate the 
major factors affecting them, such as per capita GDP and population density. 

 As a synthesis of a literature survey, Johnston and Steén compared the soil P 
supply data of Western European countries, most of them long-term EU members 
(Steén  1997  ) . Csathó et al.  (  2007  )  have done the same for Central and Eastern 
European countries, allowing comparisons to be made between NP balances and 
soil NP supplies within and between these two main European regions, i.e. the for-
mer 15 Western European (EU15) and the newly joined 12 Central and Eastern 
European (NEU12) EU countries. 

 For interpreting the agricultural OECD NP balances data from both agronomic 
and environmental points of view, it is essential to compare them to the actual soil NP 
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status of the investigated area so that to evaluate them, whether they are sound from 
both agronomical and environmental points of view. As an example, strongly posi-
tive P balances in areas with very low P status, are justifi ed from agronomic side, and 
are not a threat to the environment. These soil P statuses are characteristic for the 
Central and Eastern European EU countries. As an unfavourable phenomenon, oppo-
site to the reasonable practice, these EU countries have the lowest P balances, having 
unfavourable agronomic, social, and rural development consequences (Csathó et al. 
 2007 ; OECD  2001,   2008 ). Oppositely, strongly positive P balances in areas with 
very high P status, are unfavourable from agronomic side, and are severe threat to the 
environment. These soil P statuses are characteristic for the Western European EU 
countries with the highest livestock densities, as The Netherlands, Belgium, and at 
some regions within the given countries, as in the Bretagne peninsula, and in the Po 
valley. As an unfavourable phenomenon, opposite to the reasonable practice, these 
EU countries and regions have the highest NP balances, having unfavourable envi-
ronmental protection consequences (Steén  1997 ; OECD  2001,   2008  ) . 

 The Göteborg European Council  (  2001  )  endorsed the EU Sustainable 
Development Strategy, which requires that the economic, social and environmental 
effects of all policies be taken into account in the decision-making processes. It also 
adopted the conclusion of the Agriculture Council  (  2001  )  on environmental integra-
tion, requiring that agricultural production must be done in an environmentally 
friendly way. 

 In 2008, for their new, environmentally friendly fertiliser recommendation 
system, elaborated in Institutions belonging to the network of the Hungarian 
Academy of Sciences, received the Year of 2007 Innovation Grand Prize for 
Hungary, the highest Prize on innovative research and development (Csathó et al. 
 1998,   2009 ; Várallyay  2008  ) . Elements and approach of this fertiliser recommenda-
tion system also appear in the suggestions for improving agro-environmental pro-
tection legislation and practice in the EU. 

 The basic approach of this work is to evaluate factors affecting the intensity of 
organic and mineral NP application per agricultural land unit, and to collide with 
each other the environmental NP balances – using the OECD methodology – and 
groundwater nitrates contamination, as well as soil P supplies of the Western 
European former EU15 countries and new EU12 member countries, in Central and 
Eastern Europe. 

 The aim of this work is to answer these questions, and to give some suggestions 
for a way out from the unfavourable plant nutrition practice of the farmers both in 
the former EU 15 countries (the environmental problems), and the new EU12 coun-
tries (the agronomic, social and rural development problems), not fi tting the descrip-
tion of the Webster’s Dictionary (Webster  1961  ) , on “Union”. In 2001, a review 
book was published on the nutrient management legislation in the former EU15 
countries, as well as in Norway (De Clercq et al.  2001  ) . 

 In the fi rst part of the paper, factors affecting the level of NP fertilization are 
discussed. In the next section, contrasts in NP balances and NP supplies between 
Western and Eastern Europe are evaluated, i.e. over fertilization and environmental 
problems in the western part, and under fertilization and related agronomic and 
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social problems in the eastern part. In the last section, suggestions are made for 
altering EU NP turnover towards a sustainable way, either from environmental, or 
agronomic, social and rural development points of views.  

    2   Scientifi c Methods Used in the Chapter 

 Correlations between the national per capita income, the population density, the 
livestock density, and the quantities of N and P applied as mineral fertiliser and as 
organic manure were evaluated using the 2005 agricultural statistical database of 
the FAO  (  2005  ) . For 2007 and 2008, the database of EUROSTAT was used 
(  http://epp.eurostat.ec.europa.eu)    . The GDP per capita was estimated using the CIA 
 (  2001  )  database, which also took purchasing power into consideration. The data 
included in the FAO database were expressed in terms of the agricultural area of the 
given country. Set-aside areas in the EU15 countries, which have been temporarily 
removed from cultivation, were not included in the agricultural area. On the other 
hand, in countries where more than one crop a year is possible, areas harvested 
twice were counted twice as agricultural land. Countries with an agricultural area 
of less than a hundred thousand hectares were not included in the calculations. 
This left a total of 129 countries in the database. 

 When calculating the livestock units (LU), the following factors were used: cattle, 
bullock, horse 0.8; donkey, mule 0.213; pig 0.114; sheep 0.071; goat 0.1065; 1,000 
rabbits 4.0; 1,000 chickens 2.0; 1,000 ducks 3.0; 1,000 geese 4.0; 1,000 turkeys 5.0 
(Hajas and Rázsó  1969  ) . One LU was considered to produce 10 metric tonnes of 
farmyard manure with 0.6% N, 0.3% P 

2
 O 

5
 , and 0.6% K 

2
 O year −1  (Csathó and 

Radimszky  2005a  ) . 
 For calculating environmental NP balances, the OECD methodology was used 

(OECD  1997  ) , each country using their own crop and livestock specifi c nutrient 
contents, characteristic for their own countries. For evaluating the soil phosphorus 
status of the Western European countries, the review of Steén  (  1997  ) , of the Central 
and Eastern European countries, the review of Csathó et al.  (  2007  )  was used as 
basis. For strengthening the reliability of the N balance calculations in the EU coun-
tries, ground water statuses of the same countries were used. For strengthening the 
reliability of the P balance calculations in the EU countries, in the other hand, soil 
P statuses of the same countries were taken into account.  

    3   Reviewing and Evaluating EU Agricultural NP Turnover 

    3.1   Factors Infl uencing the Use of Organic and Mineral NP 

 When investigating the reasons for differences in the quantities of N and P applied 
as organic manure or mineral fertiliser, it became clear that in countries with a 
higher national per capita income, combined with greater population density, the 

http://epp.eurostat.ec.europa.eu)


166 P. Csathó and L. Radimszky

agriculture was more intensive, involving greater quantities of N and P both from 
mineral fertiliser and from organic manure. Because of the fact, that organic and 
mineral N and P use change proportionally in the investigated countries, in Figs.  1 , 
 2 , and  3 , the two potentially harmful elements appear usually together.    

 Per capita GDP was almost 2.5 times higher in the former EU15 countries than 
in the new EU (NEU12) group. In 2000, 56% more fertilizer (FER) N + P was 
applied in the EU15 than in the NEU12, indicating differences in the intensity of 
plant nutrition. The highest fertilizer NP rates were applied in the Netherlands, 
Germany and Belgium-Luxembourg. 

 The numbers in Fig.  1 , represent the EU27 countries, as follows: 1 – Austria, 2 
– Belgium and Luxembourg, 3 – Denmark, 4 – Finland, 5 – France, 6 – Germany, 7 
– Greece, 8 – Ireland, 9 – Italy, 11 – Netherlands, 12 – Portugal, 13 – Spain, 14 – 
Sweden, 15 – United Kingdom, 16 – Bulgaria, 17 – Cyprus, 18 – Czech Republic, 
19 – Estonia, 20 – Hungary, 21 – Latvia, 22 – Lithuania, 23 – Malta, 24 – Poland, 
25 – Romania, 26 – Slovakia, 27 – Slovenia. 

 Almost twice as much NP was produced from farmyard manure (FYM) in the 
EU15 than in the NEU12, with the highest fi gures for the Netherlands (196 kg ha −1 ) 
and Belgium-Luxembourg (181 kg ha −1 ). This is the result of the unhealthily high 
Livestock Unit (LU) number per agricultural area. The amount of fertilizer plus 
farmyard manure NP was 70% higher in the EU15 than in the NEU12, with levels 
of over 300 kg ha −1  in two countries (the Netherlands: 364 kg ha −1  and Belgium-
Luxemburg: 302 kg ha −1 ), and around 200 kg NP per hectare in three other countries 
(Germany: 195 kg ha −1 ; Ireland: 193 kg ha −1 , and Denmark: 190 kg ha −1 ) (FAO 
 2005  ) . In addition, higher per capita GDP and greater population density were also 
associated with a higher livestock density per unit area, further increasing the NP 

  Fig. 1    Correlation between population density and livestock density in the countries of the world, 
as well as in the EU15 and NEU12 countries, in 2000. EU15: former western European countries, 
NEU12: new central-eastern European countries       
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load to the agricultural area (Figs.  1 ,  2 , and  3 ). The average number of livestock per 
100 ha of agricultural land was almost twice as high in the EU15 as in the NEU12. 

 The numbers in Fig.  2 , represent the EU27 countries, as follows: 1 – Austria, 2 
– Belgium and Luxembourg, 3 – Denmark, 4 – Finland, 5 – France, 6 – Germany, 7 
– Greece, 8 – Ireland, 9 – Italy, 11 – Netherlands, 12 – Portugal, 13 – Spain, 14 – 
Sweden, 15 – United Kingdom, 16 – Bulgaria, 17 – Cyprus, 18 – Czech Republic, 
19 – Estonia, 20 – Hungary, 21 – Latvia, 22 – Lithuania, 23 – Malta, 24 – Poland, 
25 – Romania, 26 – Slovakia, 27 – Slovenia. 

 The numbers in Fig.  3 , represent the EU27 countries, as follows: 1 – Austria, 2 
– Belgium and Luxembourg, 3 – Denmark, 4 – Finland, 5 – France, 6 – Germany, 7 
– Greece, 8 – Ireland, 9 – Italy, 11 – Netherlands, 12 – Portugal, 13 – Spain, 14 – 
Sweden, 15 – United Kingdom, 16 – Bulgaria, 17 – Cyprus, 18 – Czech Republic, 
19 – Estonia, 20 – Hungary, 21 – Latvia, 22 – Lithuania, 23 – Malta, 24 – Poland, 
25 – Romania, 26 – Slovakia, 27 – Slovenia. The highest livestock densities per 
100 ha were reported in the Netherlands (268 heads) and in Belgium & Luxembourg 
(248 heads). The livestock density was extremely high compared with the popula-
tion density in Belgium & Luxembourg and the Netherlands. 

 When these two factors were compared for all the countries in the world, it was 
again these two countries that deviated to the greatest extent from the general trend. 
Denmark and Ireland also had above-average livestock densities compared with the 

  Fig. 2    Correlation between the national per capita income and the application of organic and 
mineral fertiliser NP in the countries of the world, as well as in the EU15 and NEU12 countries, as 
a function of population density in 2000. EU15: former western European countries, NEU12: new 
central-eastern European countries       

 



168 P. Csathó and L. Radimszky

population density. Among the NEU12 countries, only Slovenia and Cyprus, the 
agricultural area of which was only just over 100,000 ha, had a livestock density 
slightly greater than the average.  

    3.2   Phosphorus Balance of Central and Eastern European 
Countries Between 1960 and 2000 

 The intensive use of phosphorus fertiliser began several decades later in Central and 
Eastern Europe than it did in Western Europe. In most cases this is why the phospho-
rus balances for these countries were far lower in the 1960s than in the 1980s. 
The only exception was Slovenia, where the application of phosphorus continued to 
be as intensive as in Western European countries even after 1990. In Central and 
Eastern Europe, with the exception of Czechoslovakia, Latvia and Estonia, phos-
phorus balances in the 1960s were below 11 kg ha −1  P and were sometimes negative. 
In the 1980s, due to the intensive application of fertilisers, the phosphorus balances 
were positive throughout the region, with values ranging from 4 to 31 kg ha −1  P. 
As a consequence of the rapid decline in P fertiliser use since 1990, the P balances have 
reached an all-time low, ranging from −7 to +7 kg ha −1  P. This can be partly attributed 
to the fact that the substantial residual P effects still make it possible for the crops to 
extract large quantities of P, resulting in relatively high yields. The only exception is 
again Slovenia, with a positive balance of 20 kg ha −1  P (Csathó et al.  2007  ) . The reasons 
for these low P balances can be the economic diffi culties of the NEU12 (CEE) 
countries and their farmers, as well as the lower amount of subsidies received by the 
NEU12 countries, than by the EU15 countries, according to the Copenhagen Treaty.  

  Fig. 3    Correlation between the NP quantities applied as mineral fertiliser and produced as farm-
yard manure in the countries of the world, as well as in the EU15 and NEU12 countries, in 2000. 
EU15: former western European countries, NEU12: new central-eastern European countries       
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    3.3   NP Balances Based on Environment Protection 
Considerations in the Early 1990s 

 N and P balances in 1991 for the EU15 countries, Switzerland, Norway and some of 
the Central and Eastern European NEU12 countries are presented in Table  1 .  

 Nitrogen balances were in excess of 200 kg ha −1  in the Netherlands and Belgium, 
above 100 kg ha -1  in Luxemburg, Germany and Denmark, above 75 kg ha −1  in 
Switzerland, Ireland and France, over 50 kg ha −1  in Finland, Norway, Sweden, the 
United Kingdom and Greece, around 50 kg ha −1  in Austria, and 40 kg ha −1  or less in 
Portugal, Italy, the Czech Republic, Slovakia, Spain, the Netherlands and Hungary. 
In 1990/1991 high yields were obtained in Hungary, combined with the most nega-
tive NP balance of the century, a situation made possible by the high fi rst-year 
residual NP effects. 

 Phosphorus balances followed much the same pattern as the N balances: the 
greatest phosphorus surpluses were recorded in the Netherlands and Belgium 
(34–40 kg ha −1  P), while the P balances in France, Luxemburg, Germany and Finland 

 Country 
 N balance, 
kg ha −1  N 

 P balance, 
kg ha −1  P 

 Netherlands  262  40 
 Belgium  205  34 
 Luxemburg   132    25  
 Germany  129   21  
 Denmark   129    8  
 Ireland  76  10 
 France   75    29  
 Finland  72  20 
 Sweden a   66  6 
 United Kingdom   64    6  
 Greece   58    14  
 Austria  49  5 
 Portugal a   43   4  
 Italy  39   13  
 Spain   25    12  
 Switzerland  80  12 
 Norway  69  13 
 Czech Republic  40  2 
 Slovakia  38  6 
 Poland  18  5 
 Hungary  −20  −9 

  Numbers in italics were taken from Brouwer et al. 
 (  1995  ) , while the other data were reported by Steén 
 (  1997  ) , OECD  (  2001,   2008  ) , Klir  (  2005  ) , Torma 
 (  2005  ) , Kopinski  (  2005  )  and Csathó and Radimszky 
 (  2005b  )  
  a  Data for 1994/1995  

 Table 1    NP balances 
in the EU15 countries, 
Norway and Switzerland, 
and in the NEU12 countries 
of Central and Eastern 
Europe in 1991 
(Csathó et al.  2007  )   
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ranged from 22 to 31 kg ha −1  P. In the remaining countries the phosphorus balance 
was below 13 kg ha −1  P, with values below 7 kg ha −1  P in the NEU12 countries and 
in the United Kingdom, Sweden, Austria and Portugal. As the result of legislation 
aimed at environment protection, the use of N fertiliser has declined by around 10% 
and that of P fertiliser by around 40% since 1988. Despite the lower NP fertiliser 
rates, the NP balances have continued to be positive in most of the EU15 countries. 
The dramatic reduction in NP fertiliser in the NEU12 countries, on the other hand, 
was caused by the collapse of the economy.  

    3.4   Soil P Supplies in the EU15 Countries 

 The distribution of soil P supply categories in 11 Western European countries in the 
early 1990s is illustrated in Fig.  4  (Steén  1997  ) . The fact that fertilisation has led to 
positive P balances and to the accumulation of P in the soil is also clear from the 
levels of soil P supplies in certain countries.  

 The soil P supplies in Western Europe were still relatively poor at the end of the 
1800s, when mineral P fertilisation has fi rst begun. Half a century or more of soil-
enriching P fertilisation, however, led to an increase of 30–50% in the P content 
compared to the 1920s. 

  Fig. 4    Phosphorus supplies in the soils of Western European countries in 1991 (Steén  1997  ) ; 
Belgium: (Bodemkundige Dienst van België.  2006  )        
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 Due to the more intensive application of P fertiliser, the P-supplying capacity of 
the soil is much greater in Western Europe than in the central and eastern parts of 
the continent. The proportion of land well or very well supplied with P was around 
95% (!) in Belgium (The Flamand part), around 75% in Norway, 65% in the 
Netherlands, 50% in Denmark, Ireland and Sweden, 40% in Greece and France, 
30% in Germany, 25% in Austria, 20% in the United Kingdom and 15% in Finland 
(Steén  1997  ) . Comparing the P status data to the P balance data, the opinion of the 
authors is, that the P supply data of the Netherlands is highly underestimated. 
According to the opinion of the authors, soil P soil P saturation in the Netherlands 
is even higher than in Belgium. For example, the offi cial lower limit of good P 
supply for grassland in the Netherlands is 300 mg kg −1  AL-P 

2
 O 

5
 , (ammonium-

lactate-soluble P, Egner et al.  1960  )  (Handboek melkveehouderij  1997  ) , while above 
100 mg kg −1  AL -P 

2
 O 

5
 , no responses of less P-demanding crops like grass to P 

fertilisation is expected according to the results of fi eld trials for acid sandy loam – 
loam soils (Csathó  2003a,   b  )  (Fig.  4 ). 

 According to estimations made by the European Soil Bureau, the NP content of 
the soil was unfavourably high on 17 million hectares of Western Europe, i.e. on 
12% of the agricultural land, representing a serious environmental threat to surface 
and subsurface waters.  

    3.5   Soil P Supplies in the NEU12 Countries 

 Figure  5  illustrates the P status of the soil in Central and Eastern European countries. 
As in the case of the Western European countries, the countries were ranked accord-
ing to the proportion of land with good or very good supplies of phosphorus.  

 In the early 1990s the proportion of land well or very well supplied with phos-
phorus was far smaller (by 10–25%) in Central and Eastern Europe than in Western 
Europe. This proportion was around 50% in Slovenia and Hungary, 40% in the 
Czech Republic, Poland and Slovakia, 30% in Latvia and Bulgaria, 25% in Austria, 
Albania, Estonia and Romania, 15% in Lithuania and Serbia and 10% in Ukraine 
(Csathó et al.  2007  ) . 

 An estimation of the soil P supplies in 2005 is complicated by the fact that an 
evaluation similar to that published in 1991 is not available for the Western European 
countries. In addition to the compulsory annual preparation of NP balances by OECD 
countries, there is an urgent need that the every-5-years changes in the groundwater 
nitrate-N contents and soil P supplies in these countries to be published.  

    3.6   Correlations Between P-supplying Capacity and P Balances 

 One fundamental characteristic of fertiliser recommendations aimed at environmen-
tal sustainability is (or should be) that on areas poorly supplied with a given nutrient 
a quantity larger than that taken up by the crop is applied, slightly more than crop 
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uptake on soil with moderate supplies, an amount equal to or slightly less than crop 
requirements on soils with good supplies, little or none on soils with very good sup-
plies, and no P fertiliser on soils with an excessive supply level (Fig.  6 ).  

 The P recommendations, normally shown as kg P ha −1  year −1 , are usually based 
on soil test phosphorus (STP) values and the following is an example of a typical 
fertiliser strategy (Tunney et al.  1997  )  (i)    no P fertiliser required for optimum pro-
duction for a number of years when STP is high, (ii) maintenance P (replacing 
removals) required when STP is moderate, (iii) build-up of P recommended when 
STP is low. An example of an approach used in Germany to recommend fertiliser 

Fertility Fertiliser

Class Ratio

E: Veryhigh 0

D: High 0.5

C: Moderate 1.0

B: Low 1.5

A: Very low 2.0

C= Maintenance

  Fig. 6    Phosphorus fertiliser 
recommendation for fi elds in 
Germany based on soil fertility 
class soil test phosphorus 
( STP ) based on Vetter and 
Fruchtenicht  (  1974  ) , cit: 
Tunney et al.  (  1997  )        

0% 20% 40% 60% 80% 100%
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  Fig. 5    Phosphorus supplies of soils in Central and Eastern European countries in the early 1990s 
(Csathó et al.  2007  )        
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application at fi eld level is illustrated in Fig.  6  (Vetter and Fruchtenicht  1974  ) . 
It is based on STP level and shows, for example, that at fertility class A (very low 
fertility), two times the maintenance P fertiliser dressing is recommended and at 
fertility class D, only 0.5 times the maintenance level is recommended. At fertility 
class E (very high fertility) fertiliser P is not recommended (Fig.  6 ). 

 If this logic is followed, in the EU27 countries of Western Europe, where the 
soils were far better supplied with phosphorus in the early 1990s, far lower rates of 
(N) P should be applied and far lower (N) P balances are justifi ed both from the 
agronomic and environment protection points of view than in the countries of 
Central and Eastern Europe, where P supplies were far poorer in the early 1990s. 

 Let us see how far this theory is put into practice. Figure  7  illustrates the correla-
tion between the P supply index, indicative of the P status of the soil, and the P 
balance. In order to calculate the P supply index, a value of 1 was applied for areas 
very poorly supplied with phosphorus, 2 for poorly supplied areas, 3 for moderately 
well supplied areas, 4 for well supplied areas and 5 for very well supplied areas. 
This was then multiplied by the percent of land belonging to the given supply cate-
gory, i.e. by 0.1 for 10% of the land, by 0.2 for 20%, etc. The fi gures obtained for 
each category were then summed to give the P supply index of the country.  

 A country very poorly supplied with phosphorus over 100% of its area would thus 
have a P supply index of 1.0, while the other extreme would be a country with very 

  Fig. 7    Correlation between the soil P supply index and the P balance in the countries of Europe in 
the early 1990s (The numbers in Fig. 7, represent the EU27 countries, as follows:  1  – Austria, 
 2  – Belgium,  3  – Denmark,  4  – Finland,  5  – France,  6  – Germany,  7  – Greece,  8  – Ireland,  9     – Italy, 
 10  – Luxembourg,  11  – Netherlands,  12  – Portugal,  13  – Spain,  14  – Sweden,  15  – United Kingdom, 
 16  – Bulgaria,  17  – Cyprus,  18  – Czech Republic,  19  – Estonia,  20  – Hungary,  21  – Latvia, 
 22  – Lithuania,  23  – Malta,  24  – Poland,  25  – Romania,  26  – Slovakia,  27  – Slovenia; as well as 
some non-EU countries:  28  – Norway,  29  – Serbia and Montenegro,  30  – Ukraine)       
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good supplies over 100% of its area, having a P supply index of 5.0. The introduction 
of a sixth category for excessive supplies of P would also be justifi ed, but the 
necessary data are not available at present. 

 In Fig.  7 , the data of Brouwer et al.  (  1995  )  and the OECD  (  2001,   2008  )  were 
used for P balance estimations for the EU15 countries and Norway in the early 
1990s, while the following data were used for the CEE countries: Bulgaria: Nikolova 
 (  2005  ) ; Czech Republic: Klir  (  2005  ) ; Estonia: Astover and Roostalu  (  2002  ) ; 
Hungary: Csathó and Radimszky  (  2005a  ) ; Latvia: Karklins  (  1998  ) ; Lithuania: 
Lazauskas  (  2005  ) ; Poland: Kopiński  (  2005  ) ; Romania: Csathó and Radimszky 
 (  2005b  ) ; Slovakia: Torma  (  2001,   2005  ) ; Slovenia: Csathó and Radimszky  (  2005a  ) ; 
Serbia and Montenegro: Manojlović  (  2005  ) ; Ukraine: Lisovoj and Nikitjuk  (  2004  ) . 

 In the case of soil P status, the data of Steén  (  1997  )  were used for the EU15 
countries and Norway in the early 1990s, and the following data for the CEE 
countries: Bulgaria: Nikolov  (  1998  ) ; Czech Republic: Čermák and Budňáková 
 (  2003  ) ; Estonia: Järvan et al.  (  1996  ) ; Hungary: Csathó  (  2005  ) ; Latvia: Karklins 
 (  1998  ) ; Lithuania: Mazvila et al.  (  1996  ) ; Poland: Obojski and Straczynski  (  1995  ) ; 
Romania: Hera et al.  (  1998  ) ; Slovakia: UKSUP  (  2000  ) ; Slovenia: Leskošek  (  1998  ) ; 
Serbia and Montenegro: Bogdanović et al.  (  1993  ) ; Ukraine: Nosko et al.  (  1994  ) . 

 If P fertilisation were carried out in a manner acceptable from the agronomic and 
environment protection points of view, a negative correlation would have been plot-
ted in Fig.  7 ., with P balances declining as the P supplies improved. By contrast, the 
opposite was observed in Europe in the early 1990s: the P balances in Central and 
Eastern Europe, where the P supply index was lowest, were the smallest, and in 
some cases negative (between −5 and −10 kg ha −1  P), while Western European 
countries, which had the highest P supply indexes, had the most positive P balances, 
with surpluses of 18–40 kg ha −1  P each year. This unfavourable situation (i.e. the 
polarization between the Western and Eastern part of the EU) has even accelerated 
and has become much worse since the introduction of the Nitrates Directive, as is 
clear from the cumulative nitrogen and phosphorus balances of European countries 
over the last 15 years.  

    3.7   Cumulative N and P Balances in the European Union 

 The cumulative N balances of certain European countries, many of them EU mem-
ber countries, are presented in Fig.  8 . for the period 1991–2005, i.e., the yearly N 
balances of this period were summed up.  

 The Netherlands and Belgium lead the fi eld for N balances. During the 15 years 
that have elapsed since the Nitrates Directive was introduced the total N surplus was 
2,800 kg ha −1  in Belgium and 3,500 kg ha −1  in the Netherlands, and was also well 
above 2,000 kg ha −1  in Denmark. So much for the effectiveness of the Nitrates 
Directive! 

 The cumulative N balance was also above average in Germany, Norway and Ireland, 
while the countries of Central and Eastern Europe came last, as expected (Fig.  8 ). 
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 For strengthening the trends in cumulated N balances surpluses in the EU27 
countries, the ground water quality data of the EU countries are shown in Fig.  9  
(Csathó and Radimszky  2007,   2009  ) .  

 It is important to note that the same sequence of countries is observed both in the 
15-year cumulated N balances, and in the percentage of ground water samples above 
the maximum permissible limit value for ground water nitrate-N, i.e. 50 mg kg −1 . 

 The cumulated P balances are estimated for the period of 1991–2005 in Fig.  10  
(Csathó and Radimszky  2007,   2009  ) . For countries where data were only available 
until 2002 or 2003, NP balances for the missing years were taken as being equal to 
the last recorded year. The P surplus accumulated over this 15-year period was more 
than 400 kg ha −1  P in the Netherlands and 300 kg ha −1  P in Belgium (Fig.  10 ).  

 The highest P surpluses (from the environmental point of view), were recorded 
also in these Benelux countries in the early 1990s (Fig.  11 ) (Stanners and Bourdeau 
 1995  ) . A World Bank map on pig density in Western Europe shows the same pattern 
and feature, indicating, that highest P surpluses were found at the areas with the 
highest livestock densities (Fig.  12 ) (World Bank  2005  ) .   

 Not to mention, that the situation has become even more threatening since 1991, 
indicating the defi nite ineffi ciency of the Nitrates Directive, implemented the same 
year, i.e. in 1991, aiming to regulate both N and P regime in the EU countries. 
Slovenia, Norway, Denmark and Finland also registered above-average increases in 
P over the last 15 years, and the Central and Eastern European countries were again 
at the bottom of the list.   

  Fig. 8    Estimated cumulative N balance of European countries, 1991–2005 (Csathó and Radimszky 
 2007,   2009  )        
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  Fig. 9    Ground water nitrates contamination of some EU 15 countries in the mid 2000s (Hamell  2007  )        

  Fig. 10    Estimated cumulative P balance of European countries, 1991–2005 (Csathó and 
Radimszky  2007,   2009  )        
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  Fig. 11    Phosphorus balances in the EU12 countries, in the early 1990s, in NUTS 2 levels 
(Stanners and Bourdeau  1995  )        

  Fig. 12    Pig population 
density in Western Europe 
(World Bank  2005  )        

    4   Insights, Discussion and Suggestions 

 In a perfectly correct and justifi able manner, the European Union made investments 
in environment protection a strict condition for the accession of the Central European 
countries to the EU. One essential obligation was the satisfactory disposal of sewage, 
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as a water protection measure. The steps taken by the EU to protect surface waters 
have thus led to a dramatic reduction in point-source pollution caused by the (N) P 
contained in sewage. 

 The EU is consistently strict in curbing the comparably low point-source NP 
pollution caused by agriculture, forcing the farmers in the whole EU, include in the 
NEU12 countries, to build their slurry and manure storing facilities for the period 
their distribution to agricultural fi eld is prohibited. 

 The EU should be just as consistently strict in curbing the by magnitudes higher 
diffuse NP pollution caused by agriculture, especially of those countries with the 
highest livestock densities. In the United States, for example, in many states effec-
tive legislation has been passed to reduce P loads of agricultural origin, despite the 
fact that the situation is far less serious than in many European countries (Sharpley 
et al.  1994 ; Gartley and Sims  1994  ) . The directives passed by the EU should also be 
compulsory, not simply recommended. 

 According to principles of sustainable crop nutrition, the amount supplied by 
previous farmyard manure and/or slurry application (i.e., in the previous 3–4 years), 
should be taken into account as mineral fertiliser NP demand reducing factors. 
For the effective preservation and rehabilitation of the environment from agricultural 
NP loads, it seems that this principle should be built in the EU agro-environmental 
legislation, i.e. into  the EU Nitrates Directive :

   (a)    On nitrate-sensitive areas, while retaining the maximum permitted application 
of 170 kg ha −1  N of organic origin, the rate at which farmyard manure is utilized 
by the crops should also be considered, calculating with 50% in the fi rst year, 
30% in the second and 20% in the third on sandy or sandy loam soils, and 40% 
in the fi rst year, 30% in the second, 20% in the third and 10% in the fourth on 
loam, clay loam and clay soils. If organic manure is applied every year, the total 
quantity of organic manure that will exert its effect in the given year should not 
exceed the 170 kg ha −1  limit on nitrate-sensitive areas.  

   (b)    Irrespective of nitrate sensitivity, regulations should be passed making it com-
pulsory for fertiliser recommendation systems in EU countries to reduce the 
recommended mineral fertiliser N rates by the quantity of N applied in the form 
of farmyard manure, expressed in fertiliser N equivalency, and taking into 
account the rate at which farmyard manure is utilised by the crop, within the 
3–4-year period (see previous paragraph). The fertiliser N equivalency of FYM 
nitrogen can be considered as 50% on average, varying according to the live-
stock species and the technology (Kemppainen  1989  ) . The results of long-term 
fi eld trials, set up on the basis of mineral and organic NP equivalency, it turned 
out, that, as compared to the nitrogen in mineral fertiliser, the effi ciency of total 
N in solid cow and pig manure ranges from 25% to 70% (Sluijsmans and 
Kolenbrander  1977 ; Anonymous  1982 ; Sarkadi  1993 ; Árendás  1999  ) , that in 
solid poultry manure from 60% to 85% (Anonymous  1980,   1982 ; Beauchamp 
 1983  ) , that in cow slurry from 30% to 70% (Kemppainen  1989 ; Anonymous 
 1980,   1982 ; Laine  1967 ; Amberger  1982  ) , that in pig slurry from 65% to 75% 
(Sluijsmans and Kolenbrander  1977 ; Anonymous  1982 ; Amberger  1982 ; Sutton 
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et al.  1982  ) , that in poultry slurry from 65% to 70% (Anonymous  1980,   1982 ; 
Amberger  1982  ) , and that in liquid manure from 75% to 80% (Sluijsmans and 
Kolenbrander  1977  ) .  

   (c)    Only fertiliser recommendation systems that have been tested under fi eld condi-
tions for a number of years and that meet strict environment protection and 
economic criteria should be authorized for use in practice. The application of a 
total nitrogen quantity equivalent to more than 200 kg ha −1  mineral fertiliser 
(applied as farmyard manure + mineral fertiliser) usually cannot be justifi ed 
from the agronomic point of view and should be offi cially banned in the inter-
ests of environment protection in most cases.  

   (d)    In each EU27 country, annual and cumulative nitrogen balances should be 
prepared following the OECD environment protection approach for every year 
of the twentieth century.     

 As an excess of P rather than N causes eutrophication in the majority of EU 
countries, according to the authors, a  Phosphates Directive  should be urgently 
compiled, incorporating the following principles:

   (a)    When distinguishing soil P supply categories the P fertiliser responses of the 
crops should be taken into consideration. The upper limit of good P supplies, and 
thus the lower limit of very good supplies, should not be more than 1.5 times the 
lower limit of good P supplies. In the same way, the upper limit of very good P 
supplies, and thus the lower limit of excessive supplies, should not be more than 
1.5 times the lower limit of very good P supplies (Table     2 ). According to the 
suggestion of Kamprath  (  2005  ) , soil P limit values of the same soil P test method 
should somehow differ according to the soil properties as well.  

   (b)    Irrespective of phosphate sensitivity, regulations should be passed making it 
compulsory for fertiliser recommendation systems in EU countries to reduce 
the recommended mineral fertiliser P rates by the quantity of P applied in the 
form of farmyard manure, expressed in fertiliser P equivalency, and taking into 
account the rate at which farmyard manure is utilized by the crop within the 
3–4-year period. In fi eld experiments, the phosphorus in manure has often been 
observed to be just as effective as that in mineral fertilizer (Kemppainen  1989 ; 
   Amberger  1982 ; Asmus et al.  1971 ; Sharma et al.  1980 ; Tunney  1980 ; Smith 
and van Dijk  1987  ) . In the literature, the phosphorus in manure is also generally 
considered to be as effective as that in mineral fertilizer (Anonymous  1980 ; 
   Valmari  1933 ; Rieder  1983  )   

   (c)    Only fertiliser recommendation systems that have been tested under fi eld 
conditions for a number of years and that meet strict environment protection and 
economic criteria should be authorized for use in practice. The application of a 
total phosphorus quantity of more than 50 kg P ha −1  (applied as farmyard 
manure + mineral fertiliser) cannot be justifi ed from the agronomic point of view 
and should be offi cially banned in the interests of environmental protection.  

   (d)    The concept of excessive P supplies should be compulsorily introduced in all 
EU countries. The application of phosphorus in either organic or mineral form 
should be  prohibited  on soils with excessive P supplies (Table  2 ).   



180 P. Csathó and L. Radimszky

   Table 2    Lower limits for good soil supplies, and suggested lower limits for very good and excessive 
P supplies for the main soil P test values used in EU countries   

 Method 
 Lower limit for 
good soil P supply 

 Suggested lower limit 

 References for 
good soil P supply 

 For very good 
soil P supply 

 For excessive 
soil P supply 

 H 
2
 O  10  15  23  Jungk et al. 

 (  1993  )  
 Olsen  20  30  45  Johnston et al. 

 (  1986  )  
 Bray-1  22  33  50  McCallister et al. 

 (  1987  )  
 Mehlich-3  27  40  60  McCollum  (  1991  )  
 Mehlich-3 

(for org. soils) 
 30  45  68  Kamprath  (  2005  )  

 Mehlich-3 
(for sandy soils) 

 40  60  90  Kamprath  (  2005  )  

 AL (for acid soils)  44  66  99  Csathó  (  2002, 
  2003a,   b  )  

 CAL  47  70  105  Spiegel  (  2007  )  
 DL  60  90  135  Baumgärtel 

 (  1989  )  
 AL (for calcareous 

soils) 
 66  99  149  Csathó  (  2002, 

  2003a,   b  )  
 Mehlich-3 (for sandy

loam soils   ) 
 80  120  180  Kamprath  (  2005  )  

 Mehlich-3 (for 
clay soils) 

 300  450  675  Kamprath  (  2005  )  

    (e)    The use of P fertilisers should be banned above this level, at least on envi-
ronmentally sensitive areas, but preferably throughout the country, and this 
principle should be introduced in the whole of the EU.  

    (   f)    In each EU27 country, annual and cumulative phosphorus balances should be 
prepared following the OECD environment protection approach for every year 
of the twentieth century in order to obtain a picture of the dynamics and extent 
of either soil P enrichment or depletion.  

    (g)    In addition to the annual publication of OECD P balances, it should be compul-
sory to prepare an every-5 year evaluation of the P supply levels of all agricul-
turally cultivated land for submission to the OECD, the EEA, EUROSTAT, 
etc.  

    (h)    The benefi t from all these changes should go to the local communities.      

    5   Changes in the Livestock Densities in the EU Countries, 
and Their Correlation to the Cumulative NP Balances 

 One of the major problems of agricultural diffuse NP loads to the environment is 
livestock density exceeding 100 LU/100 ha agricultural land in certain countries or 
regions in the EU (Fig.  13 ) . 
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 If we take into consideration, that the three leading new EU12 countries, 
respecting livestock density, i.e., Malta, Cyprus and Slovenia, occupy only 1.1% of 
agricultural land of the new EU12 countries, we can recognize how dramatic is the 
difference in livestock density between the western and eastern part of EU. 

 Within the EU countries, there is a strong positive correlation between cumula-
tive NP balances and livestock densities, expressed in livestock units (Fig.  14 ).   

    6   Conclusions and Recommendations 

 Based on the results found in investigating the NP turnover of the EU 27 countries 
since 1991, it seems to be obvious, that in the present situation, when livestock 
densities are marked–driven (regulated by free moving of capital), EU agro-
environmental, social, and rural development policies are not effective. 

 It is suggested that legislation in the European Union should be consistent against 
both point source, and diffuse NP loads to the environment, derived from agricul-
tural production. 

 It seems that only through a major restructuring the livestock distribution in the 
EU, and only trough a major restructuring of the export-import policy of agricul-
tural goods, and the price policy of the agricultural goods within the EU, the aims 
of the various directives, strategies, and policies, and the new SPS system can and 
will be fulfi lled. 
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  Fig. 13    Changes in livestock density in the former EU15 countries, as well as in the new EU12 
countries, 1960–2008 (FAO  2005 ;  EUROSTAT 2005  )        
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 For effective agro-environmental policy in the future, it seems that, based on 
NUTS-2 levels, EU should pay 0.75 livestock unit per hectares agricultural land 
subsidies for every EU countries/NUTS-2 levels as an average, regardless the exist-
ing livestock densities. This way the EU would be able to work for establishing 
sustainable livestock densities in each EU country. For turning towards effective 
environmental protection policy in the EU, it seems to be, that a paradigm shift 
would be needed, from the market driven economy, into an economy, in which the 
effective environmental protection, agronomic, social, and rural development poli-
cies should enjoy priorities over market based interests. 

 Based on the principle of subsidiarity it seems that this problem can be solved 
only in highest EU level, through the EU legislation and EU administration. 

 The benefi t from the changes should go towards the local farmers, farmer asso-
ciations, and the local communities.      
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