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1. Introduction 
 

One of the greatest challenges for the mankind is how to ensure the life 

conditions for the growing population. The question arises how we will succeed 

in increasing agricultural production and in minimizing the detrimental impacts 

of agriculture at the same time. This question has evidently practical 

significance, and it also highlights a conflict between the neoclassical way of 

economic thinking and the ecological approach, which takes into account the 

biophysical limits of production as well.  

 

The introduction of sustainable approach into agricultural practices would be 

the most effective solution, which sets the goal of the maximization of the net 

benefits for the society from the production of food and fibre and from 

ecosystem services (Tilman et al., 2002, Kelemen et al., 2008, Marjainé 

Szerényi et al., 2011a, Marjainé Szerényi et al., 2011b, Marjainé Szerényi and 

Eszlári, 2011).  

 

The major issues of agricultural environmental impacts are the effective ma-

nagement of fertilizer use and ecosystem services, namely: nutrient-use, water-

use, maintaining the soil fertility content and sustainable livestock production.  

 

The harmful environmental impacts of agriculture basically stem from the 

transformation of natural habitats to agricultural area. Agricultural practices can 

change the whole ecosystem through the conversion of the landscape and the 

usage of fertilizers and pesticides. Due to the spread of agrochemicals the cereal 

production has doubled in the past 40-50 years (FAO Database, 2010), in order 

to satisfy increasing demand for food which is the consequence of the growing 

population and growing income level, which has saved natural habitats from 
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agricultural conversion. Fertilizers and pesticides (fungicides, herbicides, 

insecticides etc.) are mostly nitrogen- (NOx, ammonium), phosphorus- and 

potassium-based. The overuse of fertilizers and pesticides through leaching into 

the soil causes its degradation and groundwater pollution.  

 

Nitrates loading to lakes and rivers induce over-enrichment and eutro-

phication endangering freshwater ecosystem. Crops can take up only 30–50% of 

nitrogen informs of nitrate (NO3
-
) and ammonium (NH4

+
) and approx. 45% of 

phosphorus fertilizers, thus great amount of the applied components are lost in 

the soil polluting groundwater.  

 

Groundwater is the key element of freshwater purification and the main 

problem is that it can spread the nutrients and toxins in great expanse and load 

into the lakes and rivers in large distances as well increasing health risks for 

species, livestock and human beings. The health risk for mammals depends 

mainly on dose-effect and dose-response relationships, the physical state of the 

product (fertilizer, pesticide), and contact type (oral, dermal etc.). 

Organophosphorus insecticides are considered to be very hazardous for animals, 

other pesticides are classified by the degree of hazard on the basis of LD50 

(WHO, 1990). It also alters the terrestrial habitats of species, thus it affects the 

ecosystems by decreasing the biodiversity.  

 

Sustainable agriculture tries to suggest an alternative, which will provide 

increased crop yields through more effective fertilizer, pesticide, and water use, 

ecologically conscious practices in soil maintaining and livestock production 

(Tilman et al., 2002).  

 

In this article we aim at comparing the intensive and extensive agricultural 

practices and their environmental impacts on the example of three countries: the 

Netherlands, Hungary and Brazil. We analyze the relation between agricultural 

yield and its determining factors, in order the reveal the impacts of agricultural 

practice and in the quest for defining the amount of sustainable yield. 

Furthermore a proposal is presented how the calculation of the yield factor 

could possibly be changed. Section 2 gives a detailed insight about the research 

question of the articles, its importance and focus. In section 3 a definition is 

given on how extensive and intensive agriculture can be defined and a brief 

overview is given on the agricultural features of the analyzed countries. In 

section 4 a literature review is given on the topic discussed here, then in section 

5 the research methodology is presented and in section 6 the results and 

discussions can be found. Finally, conclusions are drawn.  
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2. Research question 
 

The indicator of the ecological footprint aims at showing the difference between 

the sustainable way of living and the actual way of life and its impacts. Though, 

according to the calculation formula of the ecological footprint and the 

biocapacity, as for the cropland component, the ecological footprint cannot 

exceed the biocapacity.  

 

The yield factor used in the calculation of the biocapacity is not the 

sustainable amount of yield for a given area, but is calculated from the real and 

actual yields, and this way the biocapacity and the ecological footprint for 

cropland give the same result. 

 

So the biocapacity of cropland does not show the area what the sustainable 

amount of production would require, but the actual land used for agricultural 

production.  

 

The reason for this way of calculation is that there is no available data to 

know what the sustainable amount is. The sustainable yield would be surely 

lower than the present amount, thus the overexploitation practices could be 

revealed. The importance of this research topic has already appeared in the 

study of Wackernagel et al. (2004). They suggest taking into the calculation of 

the productivity factor, which could be used even in time-series. 

 

The optimal and sustainable production would be needed to calculate the 

ecological footprint and to show the real overshoot. In this study we aim at 

examining what the sustainable amount of yield could be and how it can be 

estimated. We start from the assumption that the regenerative capacity of the 

land should be taken into account in the calculation, therefore if the excessive 

fertilizer use cannot contribute anymore to the growth of the yield, then the 

yield production is beyond the limits of sustainability. A sustainable agriculture 

is one that is economically viable, provides safe, nutritious food and conserves 

and enhances the environment. Today, the drive for productivity should be 

combined with desire for sustainability.  

 

Another problem is with the calculation of the cropland footprint that an 

increase is shown in the biocapacity, if a more efficient agricultural production 

manner is found, but it may not be sustainable, the overexploitation of soil by 

chemicals and fertilizer does not appear in the calculation and results. The real 

environmental load generated by agriculture is not revealed properly through 
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ecological footprint indicators, as the type of agricultural farming (thus the 

nature of the pollution it creates) is not incorporated in calculation processes.  

 

The research question is a real challenge which is discussed here is of severe 

practical importance from the viewpoint of economics as well, as it incorporates 

a conflict between the need of providing food for the growing population and 

the ecological limits of the increasing crop yields. Strong yield growth would be 

necessary in the area of China, South Asia, Africa, but the environmental 

constraints will limit this process. As for Harris (1996), there is a conflict 

between the pressure to increase yields on the demand side and the requisites of 

long-term sustainability.  

 

There is an ecological cost in achieving food supply for the world population 

and meeting the sustainability conditions. This cost, associated with supply 

expansion must be considered, not only the supply capacity of the world 

agriculture. 

 

The approach of the neoclassical economics focuses classically on yield 

increases as a result from technological advances and increased input use. So, in 

this way the biophysical limits and the carrying capacity are not taken into ac-

count. Neoclassical economists reject the necessity of taking into account the 

focus on limits, arguing the technological advances and the trading activities 

can solve the problem of the excessive use of agricultural land. On the contrary, 

the view of the ecological economics is based on the environmental limits of the 

growth system (Harris, 1996). Ecological economists (Martinez-Alier (1991) 

and Gever et al. (1991)) argued that the agricultural production is needed to be 

viewed in the perspective of ecological limits on carrying capacity.  

 

 

3. Intensive and extensive agricultural practices:  

the comparison of the Hungarian, Dutch and Brazilian 

agriculture 
 

It is very difficult to define accurately the difference between intensive and 

extensive agricultural practices; they are usually applied on the same area 

combined, depending on the availability of resources and farming practices. 

However, there are some peculiarities for both practice types.  

 

Extensive agriculture generally uses larger land in order to produce the same 

yields than intensive agriculture and the crop yields primarily depend on the 
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natural fertility of the soil, climate and availability of water. Contrarily, 

intensive agricultural practices need larger amounts of capital and application of 

fertilizers and pesticides and irrigation equipment, which induces greater crop 

yields per unit of land than extensive agriculture. So, the main features are the 

scale of crop yield and fertilizer use relative to land area (Norton-Alwang, 

1993).  

 

Higher and increasing level of agricultural pollution is common in Europe. In 

case of Hungary, the present state of the agriculture is not desirable from 

ecological and social point of view, though the country is well-endowed for 

agricultural production; there are fertile soils and a high number of sunshine 

hours. The agricultural traditions are nearly a thousand years old, so because of 

this and the advantageous geographic features, the Hungarian agriculture can 

ensure good crop yields both in quality and in quantity. Hungary has a total area 

of 9.3 million hectares.  

 

Almost two-thirds of the country’s total area is under agricultural cultivation, 

it can be considered high among the European countries. Only Denmark and the 

United Kingdom have higher proportions. 78% of this cultivable area was 

arable land and 17% was grassland, while kitchen gardens, orchards and 

vineyards had a combined share of only 5%. (MARD, 2009).  

 

Agriculture has traditionally been an important sector in the Hungarian 

national economy. Because of the political transition, economic changes and 

restructuring have taken place, so the Hungarian agriculture has changed much 

during the last twenty years. In 1989, when the changes and transition started to 

take place, the agriculture accounted for 13.7% of the GDP, twenty years later, 

in 2009, it was only 3.7%. 

 

As for the employment, 4.5% of the total active population is working in the 

agriculture, the sector does not use a relatively high amount of labour force, and 

from a social point of view, it does not provide them safe and adequate way of 

living.  

 

The cereal production is important in Hungary, as in the foreign trade balance 

the cereal export contributed most to the food export. Hungary produces cereals 

on half of its agricultural area. The fertilizer application was very high in the 

1980s, but after the transition it had fallen significantly. From an environmental 

point of view, the fertilizer use is not desirable, as in Hungary the rate keeps 

growing and the dominant practice is the unilateral nitrogenous fertilization, the 
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phosphorus- and potassium-based fertilization is of less importance. The 

irrigation is not significant in Hungary, it accounts only for 2% of the total 

cultivable area (MARD, 2009). 

 

In case of the Netherlands, the country has long practices of intensive 

production. The Dutch agriculture can be divided into three main areas: crop 

production, dairy and livestock production, and horticulture. Therefore, the 

agricultural land can also be divided into three types: grasslands, farmlands, and 

horticultural lands. The agriculture in the Netherlands corresponds to 10% of 

the national value added and also the employment is higher, which is also 

around 10% (AER, 2008). 

 

Because of the geographic situation of the country, extensive waterways and 

network of dams and dikes have been developed and built, which allow for easy 

irrigation and have produced very fertile soils. The fertilizer use is of great 

scale, which has created environmental pressures, as the application is very 

intensive, because of land shortage.  

 

In the Netherlands without some sort of fertilization, much more land 

would be required to achieve the same yields as found with fertilized crops. 

 
Table 1. Comparison of the main features of the Hungarian and Dutch agriculture 

The scale of intensity of farming in 2005 Hungary The Netherlands 

Proportion of utilized agricultural area to total area 83% 58% 

Proportion of arable land to total area 49% 33% 

Proportion of cereal area to total arable area 65% 19% 

Nitrate content in rivers (mg/l) 6 11 

Phosphate in rivers (mg/l) 0.07 0.08 

Ammonia emissions (t) 94 252 121 000 

Livestock density index (livestock units per hectare) 0.58 3.26 

Labour force (1000 person employed full time) 229.40 173.90 

GHG emissions in agriculture in 2001 (t, CO2eq per 

ha) 0.75 10.17 

Source: authors’ compilation using Eurostat data (2011) 
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As the biocapacity in Hungary is greater, there is a rationale for extensive 

farming. For the Netherlands, land is a scarce resource, so intensive farming 

processes are utilized. The features of the different types of farming are shown 

in Table 1., where it can be seen that the Netherlands has smaller scale labour 

force and lower agricultural labour input and the share of agricultural product-

specific inputs is lower as well. The Netherlands can be a typical example for 

intensive agricultural practices. Hungary, using larger proportions of its land for 

farming, is typically conducting extensive farming. The livestock density index 

confirms these statements as well. 

 

Comparing extensive farming with intensive, environmental impacts can be 

seen through the listed categories. Because of intensive farming, spending on 

fertilizers and soil improvers is 2.55 times higher, and spending on plant 

protection products is 5.6 times higher in the Netherlands than in Hungary. It is 

the same story with natural elements when considering the supply of nitrogen 

and phosphates, and ammonia emissions. The groundwater nitrate content can 

be a good proxy for evaluating the environmental damages caused by 

agricultural fertilizer use. 

 

After comparing these figures, we may conclude that intensive farming 

processes contribute to a higher environmental burden, and it should be 

indicated by the biocapacity values. 

 

Our third selected country in the analysis is Brazil, because of its 

transforming situation from extensive to more and more intensive agricultural 

practices. Over the last decades Brazil became from food importer to the 

world’s largest net agricultural exporter having the largest trade surplus, and 

crop production has been increased fivefold between 1996 and 2006 (The Eco-

nomist, 2010). Agriculture belongs to the most dynamic growing sectors in the 

country, which accounts for 8% of the country's GDP. In 2006 Brazil was the 

world’s largest exporter of the following products: soy products, orange juice, 

coffee, beef, ethanol, sugar, tobacco, poultry, and a significant world supplier of 

pork, cotton, cocoa, corn and fresh fruit (Ministry of agriculture of Brazil, 

2007).  

 

Due to the pressure for production of emerging countries, the rain forest area 

have been transformed mostly to cropland during the last decades losing be-

tween 1990 and 2005 about 8.1% of its forest cover. The agricultural land area 

has grown by 70% from 1961 to 2007 (Mongabay, 2010). 
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4. Literature review – The sustainable yield and the impact  

of agriculture 
 

The calculation of the cropland and the environmental impact of agricultural 

practices have already appeared in many studies. Fiala (2008) argues that the 

environmental impact of agricultural practices does not appear properly in the 

ecological footprint. If there is a need for increased food production and two 

countries are given with different efficiency in producing food, then a new 

equilibrium will be reached by producing and consuming more food, but the 

amount of land used and its environmental impact is unknown, as the extensive 

or intensive way of agricultural production cannot be indicated by the footprint 

of food production.  

 

There would be a need to know what the amount of sustainable yield is in 

order to calculate the real environmental impact of agriculture. It is highly 

difficult to define and measure what sustainable yield is. The agricultural yield 

is affected by soil quality, climate and of course management practices. 

According to Ferng (2005) the agricultural management practices affect the 

crop yield directly through the pest control, water supply, and indirectly through 

the influences on soil quality. As for Doran and Zeiss (2000), soil quality is 

determined by natural factors, e.g. geography and climate and it can be altered 

by farming practices as well.  

 

The difficulty in defining the amount of sustainable yield is also that the 

factors which are influencing the yield, are changing themselves as the time 

goes by and there might be interactions as well. The agricultural management 

practices can be dominant determining factors of the agricultural yield (Ferng, 

2005) and the yield potential of a crop can be estimated through a long-time 

field study on the relationships between the yield crop and its establishes 

growth environment. In the study of Gilland (1979), he examined the food 

prospects and yield ceilings up to 2025, which was an ecologically-oriented 

study of the world agriculture. He calculated a sustainable amount of cropland 

and yield.  

 

Harris (1996) argues that the application rate of chemical fertilizers is a 

representative of a whole package of agricultural practices, which characterizes 

a high-yield farming system. That is why we intend to show the relationship 

between fertilizer use and crop yield. The cumulative effects of soil erosion and 

degradation, water overdraft or water shortage, and the environmental impacts 

of fertilizer and pesticide use, these all combined undermine the yield potential 
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of agriculture and the sustainability conditions. The chemical and especially 

fertilizer use of agriculture is regarded as a major source of lake, river and 

groundwater pollution, loading nitrogen, phosphorus and sediment in the 

waterways. The agricultural chemicals detected in groundwater may be harmful 

for human health and the aquatic ecosystems. 

 

Studies, examining the effect of fertilizer use on the production can be 

positive, but looking at the marginal rates studies have proven that in some 

circumstances it already became stagnant or even declining. In some regions 

and countries, the fertilizer use does not add much anymore to the growth of the 

crop yield and despite the increased use, the yield patterns are characterized by 

stagnating yields. The diminishing returns to fertilizer use may lead to yield 

ceilings in many areas. So, the trend of growing crop yields seems to be 

reaching its limits.  

 

Ko et al. (1998) examined the environmental impacts of economic activities 

and estimated ecological footprints in five countries (Costa Rica, Korea, 

Mexico, the Netherlands and the United States). In general, there is a 

remarkable linearity between resource use and economic and agricultural 

production over all countries and all years, suggesting severe biophysical 

constraints to sustainable objectives. Ko et al. found that there is an inverse 

relationship between the fertilizer use and the yield per unit fertilizer use in the 

examined five countries.  

 

They also pointed out that the yield per unit fertilizer use can only be 

increased by reducing intensity of fertilizer use and reducing the intensity of 

land use. It is a highly important observation.  

 

Tong et al. (2003) carried out a research on the land use change and the 

relationship between crop production and fertilizer use in China, looking a 

greater time span, from 1961 to 1998. The overall results have shown that 

despite that China has increased its yield per capita dramatically, in order to 

feed its growing population, it has been done through a high increase in the use 

of fertilizer, so it increased the ecological cost. It could have been done as the 

government gave subsidies to farmers who produced certain extra cereal, which 

meant using more fertilizers in the agricultural process. The chemical fertilizer 

used per unit of area of total cereals has increased from 4.6 kg/ha in 1961 to 

more than 200 kg/ha in 1995. There was a positive relationship between 1961 

and 1996 between chemical fertilizer use and cereal yields. The yield per unit 

fertilizer use has decreased dramatically over the years from 1961 to 1995. An 
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important conclusion is that there is a clear inverse relation between fertilizer 

input intensity and yield per unit chemical fertilizer input: the higher the 

fertilizer input the lower is the yield per unit fertilizer input. The decline can be 

explained by the saturation of fertilizer use, which is the outcome of agricultural 

industrialization. The soil degradation, the inefficient use of fertilizer, the 

improper ratios between organic and inorganic fertilizers may also explain this 

phenomenon.  

 

So it can be seen that the excessive fertilizer use results no more in higher 

yields, but it has negative impact on the soil quality thus does not contribute 

anymore to higher yields, not to speak of the environmental harm it causes. The 

efficiency of using fertilizer has decreased because of fertilizer saturation.  

 

 

5. Methodology 
 

In this study we aimed at showing how the sustainable amount of yield could be 

analyzed in order to show the overshoot in agricultural production and the 

cropland as well. We conducted statistical regression analyses between 

production yields and the main determining features: temperature, precipitation 

and the amount of fertilizer used, in case of three countries: Hungary, the 

Netherlands and Brazil. Hungary was chosen to represent a country where farm-

ing is mainly extensive, and the Netherlands to represent intensive farming 

practices. Brazil is an emerging country, having transforming agriculture.  

 

The regression and correlations were calculated for different time periods 

between the years 1961 and 2007, using data from Eurostat, IFA, EEA 

Waterbase, FAO and KNMI Climate Explorer. 

 

Furthermore, we constructed a marginal function for each country, 

representing the relation between chemical fertilizer use and yield per unit 

fertilizer input. We take fertilizer (per hectare) as a fairly good proxy for the 

group of agricultural inputs (pesticide, irrigation, mechanization), which 

characterize and are used by the intensive, high-yield focused agriculture. We 

use this proxy as historically yields are very strongly correlated with the input 

of fertilizers. The function can show in what extent an additional amount of 

fertilizer can contribute to the yield and it questions the rationale behind the 

excessive use of fertilizers.  
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In this article, we focus on the cereal production, more specifically on wheat 

production and yields, examining the regional impact of biophysical constraints. 

We take wheat yields as a proxy for overall agricultural production and food 

supply, which is commonly accepted and used in the literature.  

 

In order to specify the amount of sustainable yield, which could be used in 

the biocapacity calculation, we constructed a marginal curve showing the 

groundwater nitrate content per fertilizer unit in the case of the Netherlands. 

Our assumption is that the intersection of the marginal curve of the yield and 

groundwater nitrate content can show the amount of fertilizer, by the use of 

which the yield can be sustainable. 

 

 

6. Results and Discussion 
 

6.1. Analyzing the connection between yield growth and fertilizer use 

 

In order to reveal the sustainable amount of fertilizer used in agricultural 

production we have to examine other factors, which can influence the national 

yields. The main determining features are temperature in the growing season of 

the crop examined, precipitation and agricultural practices, and technology such 

as irrigation, fertilizer and pesticide use. The area of land under irrigation is not 

significant in Hungary, thus we carried out a correlation analysis on monthly 

average temperature (Celsius) and precipitation (mm) variables for April, May 

and June from 1961-2007, the total fertilizer consumption (nitrates + phosphates 

+ potash) and yields. Wheat was chosen for our analysis, as it is the most 

important processed crop in Hungary and on global scale as well, it has a 

strategic role in feeding the humanity.  

 

A linear regression (at 5% significance level) analysis between temperature 

(the sum of April, May and June), precipitation (the sum of April, May and 

June) was carried out on wheat yields; the yields as dependent variable and 

average temperature and precipitation and fertilizer use as independent 

variables.  

 

In the model a third dependant variable has been taken into account, the cross 

effect of the temperature and precipitation. These might influence each other, 

and as for the yields, in case of higher temperatures the water demand increases 

in the growing season, which impacts the growth of the crop, thus the yield 

values. Calculating the regression model, the break points of the trend line in 
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fertilizer use were taken into account, therefore in the case of Hungary the 

analysis on three time intervals was conducted.  

 

The main goal of this analysis is to point out the ecologically optimal level of 

using fertilizers and to define the switching point when the amount of fertilizer 

begins to reduce the yields or not increase them at all, namely: the level of 

sustainable yield.  

 

 

I. Hungary 

 

The total fertilizer consumption (kg/ha) in Hungary from 1961 to 2007 has 

drastically changed two times during this period, it is indicated on Fig. 1. 

Because of the breaking of the trend, we calculated for three periods the 

regression functions, considering the break points of the trends as the end point 

of a period and a starting point of another. It can be seen that in the first period 

from 1961 to 1974 the fertilizer used in production has exceedingly increased 

and the wheat yield followed the growth of the fertilizer use with a bit of time 

lag, but in a liner growing trend.  
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Figure 1. Total wheat production yield per unit area and chemical fertilizer used in 

Hungary 
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Having a look at the regression results for this period, significant correlation 

can be detected only between wheat yields and the amount of fertilizer, which 

shows a very strong positive connection (r = 0.930, p = 0.000). The regression 

analysis resulted, that fertilizer use has a positive effect on wheat yields 

between 1961 and 1974. 

 
Table 2. Regression analysis results on wheat production in Hungary,  

in three time periods 

Wheat 1961–1974 1975–1989 1990–2007 

R 0.933 0.599 0.868 

R Square 0.870 0.359 0.753 

Adjusted 

R Square 
0.813 0.103 0.677 

SEE 288.337 649.928 403.316 

Coefficients 

 

Unstan-

dardized 

Coeff. 

Stan-

dardized 

Beta 

Sig. 

Unstan- 

dardized 

Coeff. 

Standar- 

dized 

Beta 

Sig. 

Unstan-

dardized 

Coeff. 

Standar- 

dized  

Beta 

Sig. 

(Constant) 3215.988  0.496 16579.527  0.090 6254.304  0.073 

Fertilizer 11.496 0.933 0.000 -2.839 -0.058 0.843 6.085 0.148 0.355 

Tempera- 

ture 
11.489 0.041 0.890 -7.451 -0.030 0.939 -195.903 -0.938 0.000 

Precipi- 

tation 
2.221 0.162 0.845 20.051 1.589 0.231 -10.747 -1.040 0.085 

Cross-

variable 
138.703 -0.219 0.780 -742.890 -1.242 0.298 449.065 1.101 0.069 

 

In the next period from 1975 to 1989 it can be observed that the fertilizer use 

has stagnated around the level of 200 kg/ha, and at the time of transition it has 

drastically decreased due to the structural changes and the sudden rise in 

fertilizer prices. As for the yield values, it kept on increasing with a modest rate 

on average, but looking at Fig. 1, we can see that there were great variations in 

the examined years. So, it can be concluded that in this time spell there were 

other significant determining factors concerning the yields. So, there is a need to 

analyze further the variation of the wheat yield and the influencing factors.  

 

The regression analysis confirms this observation, as during this period the 

variables only explains the 35.9% of variation, so our model has a very weak 

goodness-of-fit. Even the temperature, precipitation and cross effect variables 

are not enough to explain the deviation of the yield values. Additionally, in this 

time interval we can observe, that fertilizer use and temperature and cross 



126 Theoretical deficiencies in the calculation method of ecological footprint … 

 

variable show negative connection with wheat yields. On the whole we can 

conclude, that from 1975 to 1989 wheat yields are not affected (or negatively 

influenced) by fertilizer overuse, which also corresponds with our assumption, 

namely: there is a point where fertilizer use does not contribute any more to 

increasing the yields and it can even decrease the yields.  

 

As of 1990, a drastic break can be observed in the trend of fertilizer use 

(Figure 1) the amount of fertilizer has been reduced by one third, due to the 

price pressure around the time of the political transition and structural changes 

in the economy. In time interval 1990-2007, wheat yields were negatively 

influenced the most by the temperature and secondly by precipitation and at 

least by fertilizers. Although, in the first two examined period the total wheat 

yield and the yield per unit have been increasing, it can be revealed in our 

analysis that the yield per unit fertilizer used has been in deed decreasing.  

 

The relation between the fertilizer used per unit area (kg/ha) and the yield per 

fertilizer unit have also been analyzed, shown on Figure 2.  
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Figure 2. The relation between chemical fertilizer use and yield per unit fertilizer input 

in Hungary 

 

The relation, which is depicted, can be actually viewed as a marginal curve of 

fertilizer use. There is a clear inverse relationship between the amount of 

fertilizer used in the Hungarian agricultural production and the yield per 

fertilizer unit. The more amount of fertilizer is used the lower is the yield per 
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fertilizer unit. This result confirms our hypothesis according to which, there is a 

saturation point of the soil and the additional fertilizer input decreases the 

marginal yields, and subsequently the ecologically sustainable yield is where 

the saturation point meets the marginal function. 

 

 

II. The Netherlands 

 

In case of Netherlands the fertilizer used and the yield per unit area can be seen 

on Figure 3. Having a look at the fertilizer using trends, it can be seen that there 

is a breaking point in the trend around 1985. Until that time the chemical 

fertilizer used shows an explicitly growing trend, from 1960 the use of fertilizer 

has been increasing until 1984, which is followed by the continuous growth of 

the wheat yields as well. There was a peak in agricultural fertilizer use around 

the year 1985, and after it the fertilizer use has been steadily decreasing. 

Because of this major change in agricultural practice, we have divided the 

examined period into two parts by the break point of fertilizer use.  

 

From 1961 to 1984 the positive effect of fertilizer use is absolutely detected 

by regression analysis, in addition, fertilizer use is the key variable in the model. 

So, the amount of fertilizer used determined very significantly the increase of 

yields. 
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Figure 3. Total wheat production yield per unit area and chemical fertilizer used  

in the Netherlands 
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Looking at the yield trends after 1985, it can be observed that in spite of the 

decrease in fertilizer use, the yield values did not decrease, they kept on 

growing with a smaller growth rate than before, after 1995 the variation of the 

yields started to grow. There were years with higher yield, but a stagnating 

trend can be observed, which could turn easily and not surprisingly into a 

decreasing trend. This phenomenon can be explained by the saturation of the 

soil, that even less amount of fertilizer can result in the same level of yield, and 

another fact, is that it is not only the fertilizer use which determined the yield. 

 

As for the regression results for the second time period examined, after 1984, 

it is shown in Table 3, that the goodness-of-fit of the model decreases, and 

fertilizer use have a significantly negative impact on yields.  

 
Table 3. Regression analysis results on wheat production in the Netherlands,  

in two time periods 

Wheat 1961–1984 1985–2007 

R 0.833 0.640 

R Square 0.694 0.409 

Adjusted R 

Square 

0.630 0.278 

SEE 684.419 545.467 

Coefficients 

 
Unstandar- 

dized Coeff. 

Standar- 

dized Beta 
Sig. 

Unstandar- 

dized Coeff. 

Standar- 

dized Beta 
Sig. 

(Constant) 1444.189  0.876 12335.296  0.043 

Fertilizer 21.979 0.777 0.000 -8.116 -0.637 0.016 

Temperature -16.343 -0.027 0.888 -30.001 -0.135 0.712 

Precipitation  -2.588 -0.115 0.858 -4.393 -0.356 0.671 

Cross-variable -76.049 -0.065 0.920 -20.047 -0.038 0.967 

 

The relation of the fertilizer input intensity and the yield per fertilizer  

unit shows us an inverse relation, but because of the breaking of the trend and 

drop in fertilizer use, two branches can be seen when illustrating this relation 

(Figure 4.).  
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Figure 4. The relation between chemical fertilizer use and yield per unit fertilizer input 

in the Netherlands 

 

In case of the Netherlands, we found it important not only to look at the yield 

of wheat, but also examining the yield of potato can give us additional 

information, as the vegetable and potato production is more typical and of 

greater scale in the Netherlands than the wheat production.  

 

From the results of the regression, we can conclude mainly the same as in 

case of the wheat production, as in the first period the fertilizer use is a 

significant driving force of the yield values. The cross effect of the temperature 

and precipitation is dominant here. During the second time span the significance 

of the fertilizer drops, the coefficient becomes negative. 
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Table 4. Regression analysis results on potato production in the Netherlands,  

in two time periods 

Potato 1961–1984 1985–2007 

R 0.791 0.334 

R Square 0.626 0.112 

Adjusted R Square 0.548 -0.086 

SEE 2836.432 2268.702 

Coefficients 

 

Unstandar- 

dized 

Coeff. 

Standar- 

dized Beta 
Sig. 

Unstan- 

dardized 

Coeff. 

Standar- 

dized Beta 
Sig. 

(Constant) -50073.097  0.200 29721.339  0.223 

Fertilizer 72.681 0.686 0.000 -5.609 -0.130 0.665 

Temperature -1163.953 -0.510 0.024 31.021 0.041 0.927 

Precipitation -151.768 -1.793 0.019 -18.442 -0.440 0.668 

Cross-variable 7193.805 1.637 0.031 886.017 0.494 0.662 

 

The Figure 5 showing the fertilizer use in potato production and the yields 

per unit area, indicates similar trends as in the wheat production. After 1985, the 

variance of the potato yields is greater, where seasonal impacts can play a major 

role. 
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Figure 5. Total potato yield per unit area and chemical fertilizer used in the Netherlands 
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III. Brazil 

 

Brazil is the third country under examination of its wheat production, which has 

been permanently growing over the last decades. In Brazil we can observe 

(Figure 6.) an exponential trend in chemical fertilizer use and wheat yields, due 

to the permanently increasing agricultural area from 1961 to 2007. As there is 

no significant breaking point of the trend, we do not need to split the time 

interval.  

 

0

5

10

15

20

25

30

35

40

45

1
9

6
1

1
9

6
4

1
9

6
7

1
9

7
0

1
9

7
3

1
9

7
6

1
9

7
9

1
9

8
2

1
9

8
5

1
9

8
8

1
9

9
1

1
9

9
4

1
9

9
7

2
0

0
0

2
0

0
3

2
0

0
6

Year

F
e

rt
il

iz
e

r 
u

s
e

d
 p

e
r 

u
n

it
 a

re
a

0

500

1000

1500

2000

2500

3000

3500

4000

Y
ie

ld
 p

e
r 

u
n

it
 a

re
a

Fertilizer used per unit area (kg/ha) Yield per unit area (kg/ha)
 

Figure 6. Total wheat production yield per unit area and chemical fertilizer used  

in Brazil 

 

The strong relationship between fertilizers and wheat yields is absolutely 

demonstrated by the regression analysis. The fertilizer is the major factor and 

cause in the increase of the yields. 
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Table 5. Regression analysis results on wheat production in Brazil 

Wheat 1961–2007 

R 0.829 

R Square 0.687 

Adjusted R Square 0.657 

SEE 289.761 

 Coefficients 

 Unstandardized 

Coeff. 
Standardized Beta Sig. 

(Constant) 481.304  0.677 

fertilizer 38.173 0.813 0.000 

temperature -7.192 -0.037 0.717 

precipitation 0.048 0.012 0.954 

cross-effect 28.970 0.142 0.490 

 

Although the constant rise in fertilizer applied, the decreasing marginal curve 

is illustrating the Brazilian fertilizer use as well (Figure 7.), from which it can 

be forecasted that after some point the fertilizer use will not be able to 

contribute to the yield growth and decreasing trends might occur. Today, the 

Brazilian wheat production and yields are growing, but the effective fertilizer 

use should be considered in the future. 
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Figure 7. The relation between chemical fertilizer use and yield per unit fertilizer input 

in Brazil 

 

 
6.2. Proposal for defining the sustainable yield 

 

As mentioned above, the paper aims at proposing a modification as well, 

concerning the yield factors in the calculations of biocapacity and at offsetting 

the distortion stemming from different agricultural practices in different 

countries. Thus, the aim of the analyses was to find out the relations effecting 

the agricultural yield, and to find out how the amount of sustainable yield can 

be defined. 

 

In order to represent the real biological capacity, we have to take into 

consideration primarily the consequences of applied agricultural practices 

during the calculation process of the biocapacity. The increased yield values 

show the real amount of land required, but not what the sustainable amount 

would be and they generate environmental load. The yield factor represents the 

national yield relative to global average yields, which does not include the 

harmful impacts of fertilizer and pesticide use or the animal waste. So, the yield 

factor applied in the calculation of the biocapacity does not show the 

sustainability limits.  
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We reckon, that there is a need for modifying the calculation process of the 

biocapacity, taking into account the polluting features of agriculture.  

 

Though intensive agriculture gives higher yields at the moment, in the 

following decades harmful effects such as soil degradation, soil acidification, 

groundwater pollution, etc. are liable to become significant.  

 

These pollution-related damages do not appear in the biocapacity 

calculations, but it is important to take them into account and there is a need to 

quantify the amount of sustainable yield through its influential factors.  

 

In the previous section it has been investigated, that fertilizer applied has the 

greatest impact on yields, until the soil becomes oversaturated with nitrate, 

phosphate and other elements, and after the point fertilizer use begin to be 

ineffective for yields and degrade the soil, groundwater and surface water. 

Therefore, we suggest, that the national yield factors should be recalculated 

through the caused damages of over-fertilized soil. As the nitrate contamination 

nowadays belongs to the most crucial problems of soil conservation, we would 

thus propose the determination of sustainable yield in terms of harmful nitrate 

content of soil. The modification of yield factor should include the level of 

national sustainable yield correlated to real yields expressing whether the extent 

of yields is in accordance with the sustainability of soil.  

 

Figure 8. shows the yield per fertilizer unit and the groundwater nitrate 

content per fertilizer unit in the case of the Netherlands. The amount of fertilizer 

used is within the sustainability limits where the groundwater nitrate content per 

fertilizer unit is lower than the yield per fertilizer unit. The maximum point of 

the fertilizer which can be used within the sustainability limits is where the 

intersection of the two functions is. Thus, it can be specified in case of each 

country, what the amount of fertilizer to be used could be, the use of which does 

not exceed the regenerative capacity of the soil. From the amount of fertilizer, 

the amount of the sustainable yield could be defined. 

 

To put it in numbers, in the case of the Netherlands, the amount of fertilizer 

to be used in agriculture is 215 (kg/ha). Calculating the amount of sustainable 

wheat yield the maximum value of it can be 8100 (kg/ha), this value could be 

used in the biocapacity calculation, thus it indicates the real land area which 

could be used taking into account the biophysical limits.  
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Figure 8. The yield per fertilizer unit and the groundwater nitrate content per  

fertilizer unit, in case of the Netherlands (Source: EEA Waterbase,  

2010 and IFA Database, 2010) 

 

Table 6 shows, how the use of the sustainable yields modify the value of the 

biocapacity, which this way shows a more realistic picture and can be a good 

indicator of the sustainable amount of land.  

 
Table 6. Modification of the yield factor 

2005 The Netherlands 

Wheat yield (t/ha) 8.6 

Yield factor of wheat 3.03 

Sustainable yield (t/ha) 8.1 

Modified yield factor of wheat 2.85 
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7. Conclusions 
 

As the population of the world grows there will be an increasing demand for 

greater agricultural output, but this demand conflicts with the claim for a 

sustainable agriculture. This study has shown the importance of defining the 

sustainable yield, both from ecological and economical point of view. 

 

In calculating the ecological footprint, we conclude that the structural 

differences in agriculture have a great impact on the calculation of biocapacity, 

which indicates rethinking the way this indicator has been estimated so far. We 

suggest that the long-term environmental impacts of intensive agricultural 

practices should be built into the ecological footprint model - in this case in the 

national yield factors should be modified when calculating the biocapacity of a 

country, and this way it can represent the dominant agricultural structure and its 

environmental impacts of a country.  

 

The fertilizer use and its marginal contributions appeared to be a great proxy 

in order to evaluate the impact and efficiency of its use. It is indicated from the 

results that there are countries where there is no more rationale in the excessive 

use of fertilizers.  

 

As for the sustainable yield amount, we have shown one possible way how it 

can be estimated and proposed a modification of the yield factor. Using the 

sustainable amount of yield in the calculation of the biocapacity in case of 

cropland is heavily needed. It should be indicated what the biocapacity of a 

country is, which is within the sustainability limits and could be used for 

agricultural production without making irreversible harms to the ecosystem.  
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