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ABSTRACT

Contribution of improving nitrogen use efficiency (NUE) to the European agricultural economy was evaluated for the
year 2020 for all European countries. For this purpose, the economic benefit of using fewer nitrogenous mineral
fertilizers has been revealed for a 5% improvement in NUE and attaining maximum NUE. The Eurostat/OECD gross
nutrient balance methodology was used to calculate NUE values and the amount of nitrogenous mineral fertilizer that
will be used less when the NUE is improved. The results showed that improving NUE would result in significant
economic benefits; even if NUE was improved by 20%, the benefit would be greater than half the cost of purchasing
nitrogenous mineral fertilizers. Yearly economic benefits from purchasing nitrogenous mineral fertilizers in Europe
would be 2.6 and 10.7 billion euros for a 5% improvement in NUE and a maximum NUE in 2020, respectively.
According to the findings of the study, increasing NUE by reducing N mineral fertilizer use would result in significant
economic benefits.
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INTRODUCTION NUE by taking the necessary precautions, particularly

crop rotation (alternation), taking into account the amount

Nitrogen (N), the most important nutrient for of nitrogen in the soil before fertilization, inclusion of

crop growth, is frequently over-applied in order to leguminous plants in the production system, use of hybrid
achieve high grain yield (Zhang et al., 2019; Lu ef al., or cultivated varieties, proper soil cultivation, use of
2021). Overuse of N fertilizers has posed significant risks ammonium as a nitrogen source, timely and foliar
to the climate, environment, and public health nitrogen applications, the implementation of advanced
(Congereves et al, 2021), and reactive N has been irrigation and fertilization management practices (Biiyiik,

identified as one of the top five emerging threats to 2016;  Karagahin, 2014) would make significant
humanity and the planet (UNEP, 2019). Because of these contributions to the agricultural economy. In order to

effects, estimating N-fertilizer overuse in agricultural measure the extent of this contribution in the European
areas is critical. Nitrogen use efficiency (NUE) can be agricultural economy, the benefit to be obtained from the
used to calculate overuse of nitrogen fertilizer (e.g. Wang improvement of NUE by the reduction of nitrogenous
et al. 2020).NUE is defined as a measure of the amount mineral fertilizer use in agricultural areas in Europe was
of nitrogen (N) taken up by a crop compared to the revealed within this study.

amount applied (Oenema et al., 2015), so increasing 11.1 million tons of nitrogen were used as
NUE in agriculture and food systems allows for the same mineral fertilizer out of the 22.1 million tons of nitrogen-
crop N yield while using less fertilizer. This ensures that containipg mineral fertilizers used in agr.icultural areas in
agricultural systems are more sustainable (Wang et al., Europe in 2019 (FAOSTAT, 2022a). This usage accounts
2020). However, more than 50% of applied N fertilizers for . §4.6% of total nutrient consumption in mineral
are unused by crops at the global scale (Lassaletta et al., fertilizer use (FAOSTAT, 2022b).While the European
2014).This suggests that measures to increase N use Union imported 3.6 million tons of nitrogen-containing
efficiency are required (e.g. Oenema et al, 2015; mineral fertilizers in 2020, accounting for 16.3% of total
Benincasa et al.,2017). nitrogen fertilizer use, potash and phosphorus fertilizer

Ozbek (2018) investigated in depth the imports were approximately 1.8 and 2.4 million tons,
contribution of NUE improvement to the Turkish respectively, in 2020. (Statista, 2022).This extensive use
agricultural economy. It was discovered that improving of nitrogen fertilizer demonstrates that increasing NUE in

IThe opinions and contents of the article remains the responsibility of the author, not of the Turkish Statistical Institute.
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agricultural areas, or providing more plant products with
fewer mineral fertilizers, will help to reduce the negative
effects of mineral fertilizers on the environment and
human health, as well as its contribution to the European
economy.

The aimof this study is to quantify the
contribution of NUE improvement to the European
agricultural economy. For this purpose, the economic
benefit of using fewer nitrogenous mineral fertilizers is
revealed when the NUE improves by 5% and reaches the
maximum level in Europe by 2020.

MATERIALS AND METHODS

In this study, the contribution of the
improvement of NUE in agricultural areas at certain rates
to the agricultural economy was revealed in the European
countries. NUE for European countries was calculated
using the Eurostat/OECD gross nutrient balance
methodology (Eurostat, 2013) (Equation 1). The data of
nitrogen inputs and outputs were obtained from the
FAOSTAT database (FAOSTAT, 2022c).

NUE = ”—"’: £100 (1)
inpu

Accordingly, nitrogen inputs (Njppy.) consists of
mineral fertilizer, farm manure, other organic fertilizers,
atmospheric precipitation, nitrogen fixation, nitrogen
from seeds and production materials; nitrogen outputs
(Nouepute) consist of nitrogen separated from the soil by
plants and plant residues.

Using Equation 1, the relationship between
nitrogen mineral fertilizer ( Npinger ) and NUE was
expressed as follows (Equation 2). In this equation,
(Notherinput) denotes nitrogen inputs other than Ny fer--
The change in Nyinfer depending on the change in NUE
was calculated with Equation 3 (Ozbek, 2018). In this
equation, NUE; is the initial NUE, NUE; is the final
NUE, calculating by adding ANUEto NUE;.

_ Noutpur*100
Nminfer - AKE - Notherinput(z)
ANUE*Noutput*loo
AN ;i = 3
minfer NUE;*NUEf ( )

The economic benefit to be obtained from the
less use of nitrogenous mineral fertilizers when the NUE
was increased at a certain rates and NUE was increased to
the maximum NUE was calculated according to Equation
4. In the calculations, the value of 85% was used as the
maximum NUE (Ozbek and Leip, 2015). The N;, N,,
Npinger » ANminger » NUE; and ANUE wused in the
calculations are given in Table 1.

Since NUE could not exceed NUE;x=85%,
NUEmax value was used for the countries with NUEf
(= NUE; +ANUE) values exceeding 85% in the
calculations. In this case, ANUE was calculated by
subtracting NUE; from NUEmax. If ANpprer exceeded
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the fertilizer used (Npnfer ), the change in mineral
fertilizer was assumed to be as much as Ny fer-
EB = ANminfer * Pminfer C)]

In this equation, EB represents the economic
benefit to be obtained from less purchase of nitrogenous
mineral fertilizer in euros when the NUE is improved,
ANpinser represents the decrease in nitrogen mineral
fertilizer in terms of kgN ha’, Pminfer Tepresentsthe
annual unit price of the nitrogenous mineral fertilizer in
terms of euro kgN"'ha.pyinrer Was calculated by using
the weighted average of prices of fertilizer types by
nitrogen use amounts.

Farmer purchase prices of ammonium nitrate,
calcium ammonium nitrate, urea, urea and ammonium
nitrate solutions and NPK fertilizers, which constitute
82% of nitrogen fertilizer consumption in Europe in
2020, were used. The average price of these fertilizers
was used for the price of other nitrogenous mineral
fertilizer. The country classification used in GNB
estimations by FAO was used for European countries in
the calculations (FAOSTAT, 2022c).

RESULTS

The decrease in the amount of nitrogenous
mineral fertilizer would become 13 kg N ha'' and 63 kg N
ha! in Europe when the NUE is improved by 5% and
NUE reaches the maximum level, respectively. The
results showed that the nitrogenous mineral fertilizer
would decrease in all European countries when the NUE
reaches the maximum level. While the greatest decreases
would be in Belgium, Ireland, Norway with 197, 164 and
132 kg N ha!, respectively, the lowest decreases would
be in Latvia, Lithuania and Finland with 22, 24 and 24 kg
N ha!, respectively (Table 1).

The expenditures for nitrogenous mineral
fertilizer by European countries vary according to the
amount of fertilizer use depending on the size of the
agricultural area, the type of crop production and the
amount of organic matter in the soil. The annual
expenditure for the purchase of nitrogenous mineral
fertilizers in Europe for the year of 2020 was calculated
as 14.7 billion euros. When the distribution of the
expenditures by the farmers for the purchase of
nitrogenous mineral fertilizers was analyzed by countries,
it was observed that the country that spent the most was
France with a share of 21% in the total. Spain and
Germany followed this country with a 10% share, and the
least spending country was Malta (Figure 1).

The results showed that it is possible to provide
an economic benefit of 2.6 billion euros from the annual
expenditure on the purchase of nitrogenous mineral
fertilizers in Europe when a 5% improvement in NUE is
ensured; this benefit would bel0.7 billion euros when the
maximum NUE is achieved (Figure 2). This benefit
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Figure 1. Yearly expense for purchasing of nitrogenous fertilizer by European countries, 2020
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Figure 2. Yearly economic benefit gained from expense for purchasing of nitrogenous fertilizer in Europe, 2020
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Figure 3. Yearly economic benefit gained from expense for purchasing of nitrogenous fertilizer by European
countries when NUE reachesthe maximum level, 2020

would be 4.6, 7.6, 9.4 billion euros with 10%, 20% and
30% improvement in NUE, respectively. The economic
benefit in Europe would equal to about three out of four
the expenditure on total nitrogenous mineral fertilizer
purchase when the NUE reaches the maximum value, and
more than half of the expenditure on total nitrogenous
mineral fertilizer purchase with the 20% improvement in
NUE (Figure 2).

When the distribution of the economic benefit
from the expenditure on the purchase of nitrogenous
mineral fertilizers was analyzed by European countries,
in the event that the NUE is maximized, it is observed
that the greatest annual economic benefit would be
ensured in England with 1.94 billion euros. This country
is followed by France and Spain with 1.68 billion euros
and 1.28 billion euros, respectively. When the NUE is
maximized, it is observed that the smallest economic
benefit would be in Malta with 0.001 billion euros. This
country is followed by Luxembourg and Slovenia with
0.01 billion euros and 0.03 billion euros, respectively
(Figure 3).

DISCUSSION

In European countries, NUEs vary between 1%
and 67% among countries, with significant differences
between countries (Table 1). NUEs for all European
countries are below 85%, which is accepted as the
maximum NUE level (Ozbek and Leip, 2015). Taking the

1371

necessary steps to improve NUE will reduce nitrogenous
fertilizer consumption per agricultural area for the same
amount of crop production, resulting in a reduction in
fertilizer expenditures. This situation demonstrates that
significant economic benefits would be provided by
reducing nitrogen fertilizer consumption by improving
NUE in all European countries. When the NUE is
increased by 20%, this benefit will account for more than
half of the total nitrogenous mineral fertilizer purchase
expenditure (Figure 2). The use of mineral fertilizers in
agricultural production became more uneconomical than
before following the COVID-19 pandemic and the
Russia-Ukraine war due to drastically increased costs. As
a result, it is reasonable to assume that the economic
benefit gained after 2020 will be greater.

The NUEs for the world and other parts of the
world are 55%, 69%, 72%, 44%, and 57% for the world,
Africa, America, Asia, and Oceania, respectively
(FAOSTAT, 2022c).For Europe, this figure is 45%.
Except for Asia, the NUEs of the rest of the world are
higher than the NUE of Europe. This shows that the
improvement in NUE in Europe would have a greater
impact on agricultural economics than in other parts of
the world.

The total annual expenditure on the purchase of
mineral fertilizers by the farmers in Europe in 2020 was
17.1 billion euros (Eurostat, 2022). Given that the share
of mineral fertilizer consumption including nitrogenous
in total mineral fertilizer use in Europe in 2020 was
approximately 90% (FAOSTAT, 2022a), the annual
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expenditure value (14.7 billion TL) calculated by this
study for the purchase of nitrogenous mineral fertilizers is
consistent with this information.

In 2020, 16.3% of total nitrogenous fertilizer use
in Europe was imported. When the NUE is improved by
5%, this ratio is lower than the ratio of the amount of
fertilizer to be used less to the total amount used. This
means that by improving NUE, Europe can easily reduce
its reliance on nitrogenous fertilizer imports.
Furthermore, companies producing mineral fertilizers in
Europe that intend to maintain their production level will
increase exports by shifting from domestic to foreign
markets. This situation will result in an increase in net
exports (export-imports) and an increase in GDP (Ozbek,
2018).

When the NUE reaches its maximum level, the
amount of fertilizer that will be used less is equal to
nearly 73% of the total amount of fertilizer used in
Europe agriculture in 2020. As a result, improving NUE
is critical in order to reduce agricultural use of mineral
fertilizer. This will result in significant gains in
economic, environmental, and human health benefits
throughout Europe. There is a widespread belief that
using a large amount of chemical inputs in crop
production systems results in higher crop yield. Many
studies, however, have shown that sustainable/organic
agriculture with low chemical input produces high or at
least equal crop yields (Parrott and Marsden, 2002;
Pretty, 2007). The findings of this study are strongly
consistent with the findings of that farmers can
significantly reduce their use of chemical inputs without
losing profitability(Pretty, 2007; Ozbek, 2018).

European Green Deal targets for 2030 that
reducing nutrient losses by 50%, while ensuring no
deterioration in soil fertility and reducing fertilizer use by
at least 20% (EC, 2022). Improving The European Green
Deal targets for 2030 include reducing nutrient losses by
50% while maintaining soil fertility and reducing
fertilizer use by at least 20%. (EC, 2022). Improving
NUE will ensure that these targets are met without
reducing crop yield, so the European Commission and
local governments should develop policies to improve
NUE in agricultural areas by taking the necessary
precautions, particularly crop rotation (alternation),
taking into account the amount of nitrogen in the soil
before fertilization, inclusion of leguminous plants in the
production system, use of hybrid or cultivated varieties,
proper soil cultivation, use of ammonium as a nitrogen
source, timely and foliar nitrogen applications, the
implementation of advanced irrigation and fertilization
management practices. Farmers, industries, NGOs,
citizens and other interested parties should be sufficiently
informed on these precautions.

While it is critical to increase agricultural
production productivity in order to feed the world's
growing population, it is also critical to manage the
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demand dimension of delivering enough food to people.
It is suggested that policies should be developed for
regulating consumption habits, preventing excess
consumption, food loss and waste, and conveying the
consumption surplus to be gained by this way to the
population in need through social sensitivity projects to
be carried out by NGOs, national governments and
international organizations, such as “do help instead of
waste”.

Conclusion: The answer to the question "how can we
ensure more agricultural production while using less N
mineral fertilizer" is to improve NUE by taking the
necessary  steps. Improving NUE lowers the
environmental and economic costs of using N mineral
fertilizer. To quantify the contribution of improving NUE
to agricultural economics, the economic impact must be
thoroughly evaluated. This study concluded that
increasing NUE by reducing N mineral fertilizer usage
would result in significant economic benefits. When NUE
was improved to maximum level, this benefit in Europe
would equal to about three out of four the expenditure on
total nitrogenous mineral fertilizer purchase. Taking the
necessary steps to improve NUE is therefore critical for
achieving long-term growth in agricultural economics.
The approach presented here is a feasible method that
could be tested and applied in other countries, estimating
the economic benefit of increasing NUE.
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