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Abstract

Humans have caused unprecedented changes to the global nitrogen cycle. The increased use
of nitrogen as fertilizer has allowed increasing food production for a growing world
population but has had also considerable adverse effects on the environment and human
health. The paper aims at analysing nitrogen use trends in the Mediterranean region. The
work is mainly based on secondary data from different databases such as the FAOSTAT and
the World Development Indicators (WDI). Two main indicators were considered: fertilizer
consumption and nitrogen fertilizers use. According to the WDI, nitrogenous, phosphate and
potash fertilizers consumption increased in the period 2002-2009 in almost all Southern and
Eastern Mediterranean countries. Fertilizer consumption in the Mediterranean ranged in 2009
from 7.8 to 502.8 kg per ha of arable land, in Algeria and Egypt, respectively. However, there
was a general decrease of nitrogen fertilizers consumption between 2002 and 2010 in
Mediterranean countries with few exceptions (e.g. Egypt). Nevertheless, nitrogen use is still
high e.g. 388.2 kg N/ha of agricultural land in Egypt (2010). High nitrogen use is exacerbated
by food waste; which implies the loss of large amounts of resources and inputs, such as
fertilizers. About 80% of nitrogen used in food production is lost before consumption and the
remainder is lost as human waste. Nitrogen lost to the environment affects water quality, air
quality, greenhouse balance, ecosystems and biodiversity, and soil quality. These negative
externalities call in question the dominating agricultural development paradigm and food
production system sustainability.
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I ntroduction

Environmental degradation has reached in the Mediterranean proportions that require
immediate action (UNEP, 2010). Much of today’s discourse about environmental problems
revolves around reducing greenhouse gas emissions and water usage. According to
Rockstrom et al. (2009) stratospheric ozone, biodiversity, chemicals dispersion, ocean
acidification, land system change, atmospheric aerosol emissions and nitrogen and
phosphorus discharge should also be considered.

The present food system delivers low cost food at a high cost to the environment (Kickbusch,
2010). Food costs include also environmental impacts of food production, distribution and
consumption (Ingram, 2011). Therefore, the need to improve the efficiency of inputs, such as
nitrogen, in agricultural systems is well recognised (e.g. Ahrens et al., 2010). Nitrogen is an
essential nutrient for the growth of plants. Although nitrogen occurs naturally and is essential
for life, human activities are releasing excessive and polluting amounts into the environment
(Leach et al., 2012). The largest sources of nitrogen pollution come from food production and
the burning of fossil fuels (Erisman et al., 2008). Reactive nitrogen derives mainly from
artificial nitrogen fertilizer production through the Haber-Bosch process (Woods et al., 2010).
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Of all the chemical elements, nitrogen is one whose abundance has been increased the most
by human activity (Erisman et al., 2008). Over the past century humans have caused
unprecedented changes to the global nitrogen cycle (Sutton et al., 2011). The total amount of
reactive N created by human activities has increased ninefold over the last 100 years due to
the increased use of fertilizers (Millennium Ecosystem Assessment, 2005). In the last 50
years, global use of artificial nitrogen fertilizer has increased seven times (FAO, 2011).
Present global food supply depends on artificial nitrogen fertilizer. Globally, around half of
the nitrogen in soils comes from artificial nitrogen (Liu et al., 2010).
The human use of reactive nitrogen (Nr) has profound beneficial and detrimental impacts
(Leach et al., 2012). The beneficial impacts of the agricultural use of Nr are related to food
production using nitrogen fertilizer and human-enhanced biological nitrogen fixation
(Erisman et al., 2008). Artificial nitrogen fertilizers have allowed increasing crop yield
(Ibarrola-Rivas and Nonhebel, 2011). The detrimental impacts occur because most of the Nr
used in food production is lost to the environment where it causes a cascade of environmental
changes that negatively impact both people and ecosystems (Sutton et al., 2011, Leach et al.,
2012).The paper aims at analysing fertilizers and mineral nitrogen use trends in the
Mediterranean region. It also investigates the environmental implications of excessive
nitrogen use.

Material and methods
The paper is mainly based on secondary data from different databases such as the FAOSTAT
and the World Development Indicators (WDI) of the World Bank. Two main indicators were
considered: fertilizer consumption and nitrogen fertilizers use. The geographical coverage of
this study is similar to that of the Mediterranean Strategy for Sustainable Development
(UNEP/MAP, 2005) including 11 Northern Mediterranean Countries (Albania, Bosnia and
Herzegovina, Cyprus, Spain, France, Greece, Croatia, Italy, Montenegro, Malta and Slovenia)
and 10 Southern and Eastern Mediterranean Countries (Algeria, Egypt, Israel, Lebanon,
Libya, Morocco, Palestinian territories, Syria, Tunisia and Turkey).
Fertilizer consumption measures the quantity of plant nutrients used per unit of arable land.
Fertilizer products cover nitrogenous, potash and phosphate fertilizers (including ground rock
phosphate) (World Bank, 2013). Data are available, on a yearly basis, for the period 2002-
2009 and are sourced from the World Development Indicators (World Bank) based on
elaboration of FAOSTAT data.
Mineral nitrogen consumption accounts for nitrogen input that implies the use of nitrogen
fertilizers in agricultural production. It is calculated as the average quantity of mineral
nitrogen (in kg) used per hectare of national agricultural land. Data are available - on a yearly
basis - from FAOSTAT-Resources database for the period 2002-2010.

Results and discussion

During the period 2002-2009, fertilizers consumption ranged from 6.0 kg/ha of arable land
recorded in Algeria (2003) to 696.6 kg/ha recorded in Egypt (2008). In the same period,
average fertilizer consumption ranged between 11.6 kg/ha recorded in Algeria and 563.0
kg/ha recorded in Egypt. Fertilizer consumption in Egypt is even 4.5 higher than that
recorded in the European Union. That can be explained by the fact that almost the whole
arable land in Egypt is irrigated and agriculture is intensive. In the period 2002-2009, the
average fertilizers consumption in the 21 target Mediterranean countries was 188.0 kg/ha so
higher than the worldwide average (116.3 kg/ha of arable land). During the same period the
average fertilizers consumption in the Middle East & North Africa (90.6 kg/ha) was lower
than the levels of fertilizers consumption in the Euro area (179.9 kg/ha) and the European
Union countries (155.5 kg/ha).
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Considering the same period, fertilizers consumption decreased in almost all target
Mediterranean countries. It slightly increased only in Egypt, Cyprus, Montenegro, Tunisia
and Turkey. The highest decrease was recorded in Lebanon and Slovenia (Figure 1).
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Figure 1. Trend of fertilizer consumption in the target Mediterranean countries, 2002-2009.
Data are not available for the Occupied Palestinian Territories (OPT).

In the period 2002-2010, mineral nitrogen consumption ranged between 0.1 kg/ha recorded in
Algeria in 2005 and 468.9 kg of mineral nitrogen/ha of agricultural land recorded in Egypt in
2003 (Table 1). In the Mediterranean region 52.9 kg N/ha are used on average. During the
same period, the highest average nitrogen use was recorded in Egypt (373.0 kg N/ha) while

the lowest use was recorded in Algeria (0.9 kg N/ha).

Table 1. Mineral nitrogen consumption in the target Mediterranean countries (kg of mineral
nitrogen/ha of agricultural land). Data are not available for Cyprus and the OPT.

Country 2002 2003 2004 2005 2006 2007 2008 2009 2010
Albania 33.3 331 31.9 34.2 26.8 27.7 23.8 27.9 25.7
Algeria 0.7 0.4 2.5 0.1 11 0.9 0.6 0.5 11
Bosnia 8.8 5.0 155 114 7.2 10.0 55 10.7 8.4
Croatia 109.9 103.3 | 1237 103.1 1554 | 176.7 | 2044 | 135.0 50.1
Egypt 3125 | 4689 | 396.4 | 416.7 | 2939 | 312.7 | 4412 | 326.8 | 388.2
France 745 80.0 78.5 74.6 74.7 81.7 71.6 65.2 70.3
Greece 32.2 62.2 27.0 51.3 20.9 29.1 21.3 16.1 17.9
Israel 79.4 911 102.0 94.8 934 114.6 89.0 69.1 58.4
Italy 55.3 56.8 58.2 54.3 56.2 57.4 46.4 34.9 34.8
Lebanon 31.9 26.8 27.4 134 11.8 19.5 14.7 19.0 23.6
Libya 4.9 2.1 3.0 4.8 2.4 4.4 2.7 3.0 3.0
Malta 59.8 50.1 64.3 62.2 100.7 61.4 36.5 41.9 32.3
Montenegro - - - - 34 2.7 2.6 21 2.7
Morocco 8.2 6.7 7.7 11.2 10.7 10.2 9.2 6.5 45
Portugal 42.6 28.9 33.0 26.9 23.2 30.3 25.7 26.8 344
Slovenia 65.3 66.7 60.9 56.7 61.0 58.7 50.6 59.9 56.1
Spain 34.9 411 36.9 31.7 33.9 35.2 26.3 27.9 34.2
Syrian 16.1 17.5 16.3 19.3 19.9 18.9 194 15.1 8.6
Tunisia 3.8 5.4 4.9 6.3 6.6 4.0 59 7.8 6.9
Turkey 29.1 33.0 33.2 33.3 34.7 344 29.0 36.3 344
Mediterranean 54.5 61.8 57.2 56.4 50.0 53.7 54.7 447 434
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In the period 2002-2010, average mineral nitrogen consumption decreased in the
Mediterranean area from 54.5 to 43.4 kg of mineral nitrogen/ha of agricultural land. Mineral
nitrogen consumption decreased in all Mediterranean countries except in Algeria (+0.4 kg
N/ha), Tunisia (+3.1 kg N/ha), Turkey (+5.3 kg N/ha) and Egypt (+75.7 kg N/ha). The
highest decrease was recorded in Croatia (-59.8 kg N/ha).

Mineral nitrogen trade balance (export - import) is negative in the Mediterranean area.
Considering the period 2002-2010, mineral nitrogen trade deficit increased from -1,275,809
to -1,441,037 tonnes of nitrogen i.e. +165,228 N tonnes. As of 2010, almost all the
Mediterranean countries are net mineral nitrogen importers except Israel, Jordan, Tunisia,
Croatia, Libya, Morocco and Egypt. The top net mineral nitrogen exporters are Egypt
(1,381,065 tonnes of nitrogen) and Morocco (327,023 tonnes of nitrogen). Meanwhile, the
top net mineral nitrogen importers are France (-1635,446 N tonnes), Turkey (-967175 N
tonnes), Italy (-409540 N tonnes), Spain (-369243 N tonnes) and Greece (-124780 N tonnes).
High fertilizers, especially nitrogen ones, use and imports as well as their increasing prices
without forgetting price volatility - as fertilizers prices are strongly linked to the energy prices
- puts at risk food availability and affordability and calls in question the environmental as
well as the economic sustainability of the current Mediterranean food consumption patterns.
Excess in nitrogen represents a serious risk to the environment. The increased use of N, as
fertilizer has considerable adverse effects on the environment and human health (N-Print,
2010). Of the N used to produce food, about 80% is lost before consumption, and the
remainder is lost after consumption as human waste (Sutton et al., 2011). The major risk is
that nutrients, particularly nitrate, will run off into surface water or percolate into
groundwater. Moreover, some nitrogen, is lost to the air through volatilisation of ammonia (a
contributor to acidification) or as nitrous oxide (N»O) (a powerful greenhouse gas) (Pau Vall
and Vidal, 1999). Reactive nitrogen affects water quality, air quality, greenhouse balance,
ecosystems and biodiversity, and soil quality. Nitrogen fertilization leads to the
contamination of drinking water, algal blooms, eutrophication, etc. (N-Print, 2010). Once lost
to the environment, nitrogen moves through the Earth’s atmosphere, forests, grasslands and
waters causing a cascade of environmental changes that negatively impact both people and
ecosystems. These changes include smog, acid rain, forest dieback, coastal ‘dead zones’,
biodiversity loss, stratospheric ozone depletion and an enhanced greenhouse effect (Galloway
et al., 2008). The deposition of N, P and other contaminants is expected to have an impact on
biodiversity. Nitrogen pollution damages ecosystems and affects human health, including
respiratory diseases and the risk of birth defects (N-Print, 2010) and causes local
environmental problems such as eutrophication, biodiversity loss, soil acidification, and
ground and surface water pollution (Eickhout et al., 2006).

Excessive nitrogen surpluses can pose a threat to the environment. The integration of
environmental concerns into agricultural policies and practices can help reducing pollution.
Nitrogen losses to the environment can be minimised if a reasoned fertilization is used,
together with sustainable agricultural practices, such as crop rotation, planting cover crops,
and ploughing in crop residues. Reasoned fertilization means applying fertilizers in the
correct weather conditions (to avoid run off) at the appropriate stage in crop growth (so that
plants take up the nitrogen quickly) and at the correct doses (Pau Vall and Vidal, 1999).
Nitrogen-related environmental footprint is exacerbated by food losses and wastage. It is
estimated that 10-15% of non-perishables (e.g. grains) and up to 60% of perishables are lost
during the whole production chain. In addition, post-cooking losses are also significant
(FAO/RNE, 2011). Wasting food means losing not only life-supporting nutrition but also
precious resources, including land, water and energy. Food losses and waste imply that large
amounts of land, energy, fertilizers and water have also been lost in the production of
foodstuffs which simply end up as waste (Institution of Mechanical Engineers-UK, 2013;
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FAO, 2012). Reducing the amount of food wasted throughout the food chain in the entire
Mediterranean area would contribute to easing pressure on natural resources. According to
Ingram (2011), reducing waste across the whole food system will increase the amount of food
available for human consumption for the given level of inputs, thereby improving input use
efficiency.

Conclusions
Over the past decade, great progress has been made in communicating to the public the role
that their actions have on the carbon and water cycle. This did not happen yet in the case of
nitrogen. Essentially all the reactive N created is lost to the environment, where some portion
accumulates in soils, waters, biomass and the atmosphere. Nitrogen footprint increases as a
result of artificial nitrogen fertilization, manure runoff and the burning of biomass.
Anthropogenic reactive nitrogen increases ozone and particulate matter; increases the acidity
of soils, streams and lakes; changes the ecosystem productivity; increases global warming
potential; and decreases stratospheric ozone. Nitrogen can contribute to each of these
environmental changes in sequence thus affecting ecosystem integrity and human health.
The average fertilizers consumption in the Mediterranean countries is higher than the
worldwide average. Fertilizers consumption in the European Mediterranean countries is still
higher than in the Middle East & North Africa. Nevertheless, fertilizers consumption in
Egypt is among the highest in the whole Mediterranean. In general, fertilizers consumption
decreased in Mediterranean countries during the last decade.
In the period 2002-2010, average mineral nitrogen consumption decreased in the
Mediterranean area. Nevertheless, it remains high in many Mediterranean countries
especially those that rely on intensive irrigated agriculture (e.g. Egypt). The Mediterranean
region is a net mineral nitrogen importer due mainly to the negative nitrogen trade balance of
Northern Mediterranean countries and Turkey.
It is crucial to link the reactive nitrogen losses in agricultural fields to their effects on the
environment. For this reason there is a need to estimate the losses to the environment in terms
of emissions to the air (ammonia and NOx) and the run-off and leaching to groundwater and
rivers (nitrate) in the different Mediterranean agro-ecological zones. Additionally, this should
be linked to the cascading nitrogen effects to provide quantitative estimates of the
relationship between the virtual N and the environmental impacts. Nevertheless, it should be
highlighted that the assessment of the impact of nitrogen use should not be limited to the
agricultural site, as large improvements in the nitrogen cycle can be achieved by changing
food consumption patterns and reducing food losses and waste along the food chain.
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