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Abstract Ensuring that the food supply both keeps up with
current population growth and changing food preferences are
the main challenges of agriculture. Food security includes
access to a sufficient amount of quality food products. Popu-
lation growth, food preferences and economic wealth are
variables that drive agricultural production, although agricul-
ture does produce rawmaterials other than for food. The world
population of 9 billion projected for 2050 will require food
production to increase by 50 % to 70 %, with raw materials
and waste increasing by the same percentages. However, there
will be no significant changes in the amount of arable land; the
increase in production will come about through agricultural
intensification, the disparity between real and potential yield
being known as the yield gap. Innovation in management
techniques will focus on optimizing water use, both for irri-
gated and rain-fed crops. In addition, nutrient management
will have to be intensified to fill the production gap. Sustain-
able management focuses on improving nutrient efficiency,
but also includes waste management. Sustainable agriculture
must introduce a circular economymodel and reverse logistics
for waste management, and in particular to the nutrient cycle.

Keywords Crop . Environment . Farming . Natural
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Introduction

Ensuring that the food supply keeps up with current popula-
tion growth and improving the diet of a large part of the
existing population are two of the biggest challenges facing
modern agricultural engineering. It is projected that by 2050,
the world population will be more than 9 billion, and accord-
ing to the Food and Agriculture Organization of the United
Nations (FAO), food production will have to increase by
between 50 % and 70 %. At the end of the 21st century, the
global population will stabilize at around 10 billion, and a
stable population can facilitate sustainable farming systems
[1]. However, another more pessimistic projection is that the
world’s population will reach 25 billion if fertility rates remain
the same [2]. There are important differences among nations.
The populations of developed countries will remain the same
or decline, whereas those of the developing countries will
increase [3]. The global population growth rate is expected
to decline to 0.35 % by 2050 [3]. In addition, more of the
population is concentrated in large cities, which need a con-
tinuous supply of food; people in cities demand more vegeta-
bles and food from animal products. In the more pessimistic
situation, grain production would have to increase to 1 billion
tons and meat production to 200 million tons. According to
theWorld Food Summit of 1996 [4], food security is “when all
people at all times have access to sufficient, safe, nutritious
food to maintain a healthy and active life.” Also, the United
Nations estimates that the need for water will increase by 30%
to cover food demand. According to Organization for Eco-
nomic Co-operation and Development (OECD) environmen-
tal indicators for 2050 [5], there will have to be an increase in
the water supply to avoid situations of food insecurity; how-
ever, the OECD projection estimates that 40 % of the popula-
tion will live in basins with a high level of water stress.

Future sustainable agriculture will have to meet the follow-
ing challenges: 1) guarantee food security with regard to
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quantity, quality, price, and accessibility as products must be
priced appropriately; high enough to ensure the standard of
living of farmers, yet affordable to everyone, especially to
people in urban areas; 2) maintain self-reliance of farmers in
remote areas (50 % of the world’s poor are farmers), therefore
necessary to improve the systems of production in those areas,
improving traditional farming techniques while preserving
local socially and culturally accepted varieties; marketable
surpluses must be generated while increasing internal, i.e.,
local trade of products in the basic shopping basket; 3) reduce
production variability by improving production techniques
and increasing diversity of crops through investment in agri-
cultural research; environmental risks (droughts, floods, freez-
ing) must be prevented, and the effects of global environmen-
tal problems such as climate change in the medium and long
term must be assessed; 4) preserve the environment by
protecting the nutritional integrity of the soil, reducing runoff
to adjacent water bodies, encourage biodiversity through di-
versification of crops, and reducing heavy chemicals use.

Agriculture provides the food necessary for life, through
crops and animals. Furthermore agriculture provides up to
60 % of the clothes we wear, the rest originating from petro-
leum or its derivatives. Moreover, plants provide more than
30 % of the energy consumed by the world, primarily through
the burning of biomass. Bioethanol and biodiesel are still
innovative products that supply only 1 % of the world’s
energy demands. Food consumption is directly proportional
to the number of people, and the proportionality constant is on
average 10.4 MJ/d. The per capita energy consumption ranks
from 0.4 to 8.5 tons of oil equivalent, and energy requirements
depend on both the number of people and the level of devel-
opment: the more development, the more energy is used. In
any case, agriculture can never be a source of global energy;
energy consumption rates in the world are higher than popu-
lation growth (except in developing countries) and agricultural
production growth [6]. Agriculture will however continue to
provide an additional source of energy, limited mainly to rural
and remote areas. Agricultural production for food or for
energy requires different objectives: either the food itself; or
for use as an energy source, and for biofuel the crops must be
produced and managed energy-efficiently [7].

The cultivation of non-food alternatives has a high oppor-
tunity cost, as it uses resources that could otherwise be used to
produce food crops. A non-food crop diverts the same re-
sources required for production (soil, water, and nutrients),
thereby competing with food. Therefore, there are fewer risks
if all resources are dedicated to crops that can supply the food
market, with any surpluses produced being used to obtain
energy. Another alternative to avoid competition is to use
abandoned or marginal land unsuitable for food production
to obtain energy. Cultivating everything with food crops,
regardless of the final destination, carries less risk of dividing
the land between food and non-food crops.

Population Growth

In 1930, the total population of the planet was about 2 billion
people. In 1975, that number had doubled, and at the end of
the 20th century, it was 6.7 billion. Currently, the population is
7 billion. Never before has the human population grown so
quickly. It has been able to do so because of the unprecedented
success inmodernizing agriculture and its effect on the growth
of the food supply [8]. Feeding a growing population is the
challenge. The population projection for 2050 is expected to
be 9.2 billion, and food production must be increased by
between 50% and 70%. In the first case, the developed world
will diminish its fat intake and reduce food waste; in the
second case, if everything remains the same, better food will
become available for the 0.8 billion people who are currently
underfed [9••].

World agricultural production annually has obtained an
average 450 kg equivalent in cereal per capita, which would
cover 90 % of the “standard nutritional unit.” The standard
nutritional unit is enough to supply a person with all types of
food for a balanced diet; losses include those that occur during
storage and transportation and the seed necessary to plant the
next crop. High-fat diets, which are associated with food high
in animal fat and a sedentary lifestyle, require more than 800
equivalent kilograms of cereal per person per year, whereas a
Mediterranean diet requires 620 kg. Fresh plant products are
more difficult to transport because of high water content, so in
terms of price paid per unit of nutrient and energy, they are
much more expensive. Overall, current agriculture feeds a
larger population and does so with decreasing acreage. Given
that a person eats approximately the same amount, this chal-
lenge has been met by an increase in productivity, hence by
the intensification of agriculture.

There are three driving forces affecting the demand for
products of agricultural origin: population growth; food pref-
erences; and economic wealth. The pressure on farming sys-
tems to intensify production as a response to the increase in
population is already the case in Asia, Central America, and
South America, and to a lesser extent, in Africa. Europe and
North America are not as pressured as China or South East
Asian countries. However, Europe imports cereal (corn) and
legumes (soybeans) from America, and palm oil from Indo-
nesia and Malaysia to get cheaper prices on meat and milk,
and to produce biofuels. This implies an importation of “vir-
tual” land, water, and nutrients (nitrogen, phosphorus, potas-
sium, and other micronutrients). If there are environmental
impacts associated with production of the grain imported by
the European Union (EU), then Europe generates those prob-
lems outside its borders. The EU effectively cultivates 35
million hectares outside its borders, whose production is
earmarked for themselves [10]. This trend has increased with
the policy of extensification (the term used by the EU Com-
mon Agrarian Policy to make farming less intensive and less
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productive per unit of land), sponsored by the Common
Agricultural Policy, which creates tension in international
markets (increased demand for rich countries), and causes
shortages in markets of origin that cannot compete for prices
and demand (i.e. Argentina).

Biomass harvested per capita and per year decreased slight-
ly during the 20th century [11•]. The land-use efficiency
decreased from 2.1 tons of total carbon produced annually
by plant growth to 1.6 tons by 2005 (term used to describe
human appropriation of net primary production, or HANPP).
The replacement of forest or grassland with croplands reduces
net primary production. However, it is possible to get more
natural gain with adequate processes and management; net
primary production is not the maximum potential, because
there is a yield gap [12]. HANPPmight grow to 29% by 2050,
or to 44 % if providing large amounts of bioenergy [11•].

Global Food Demand

There are two ways to increase global food production: 1)
expand the agricultural area and; 2) increase yields per unit of
area and per year; however, both are related to a given pro-
duction [7]. Intensification due to increasing the harvest fre-
quency of croplands might increase crop production [13•].
Ray and Foley [13•], using data from the FAO, showed that
in the past 50 years, cropland area increased from 1.37 billion
hectares to 1.55 billion hectares, and annual harvest land
increased from 1.06 billion hectares to 1.38 billion hectares.
On average, 89 % of croplands were harvested as a conse-
quence of reduced fallowing or increased annual crop se-
quences. These data show agricultural intensification. How-
ever, Africa has the greatest potential to increase harvest
frequency; the authors found no relationship between the
number of harvests per year and an increase in crop produc-
tion [13•]. They mistake the relationship between the concept
of crop development and crop growth; development is the
anatomical and physiological changes of plants during their
life cycle; and growth is the increase in weight or volume of
the plant. Harvest is therefore a consequence of development,
and production is a consequence of growth. Increasing the
number of stages of development, in particular the number of
harvests per year, is no guarantee that growth is greater when
compared to a smaller number of harvests; although a lower
ratio of harvests may indicate either fallowing or crop cycles
exceeding a year. There is only a small area of land able to
support crops continuously; extreme temperatures or dry pe-
riods limit the crop season during the year. There is also a
difference between harvesting perennial and annual crops.
The number of harvests might increase the annual yield of
perennial crops, if cutting maintains part of the leaf. In the case
of annual crops, it is better to grow a long-season variety than
a short-season variety. During the crop establishment phase,

leaf area grows slowly; it takes many days to reach the
optimum leaf index to achieve the maximum grow rate. Crop
transplanting is a technique used to reduce the duration of this
phase.

Sustainable Development of Agriculture and Food
Systems

Sustainability is a complex term used to characterize agricul-
ture according to the degree of fulfillment of certain goals.
These goals are related to agro-ecologic, environmental,
and socio-economic dimensions. Sustainability is the dy-
namic and temporal character of a system. In absolute terms,
there is no ending value because the objective changes as its
dimensions change through time. Some authors have used
“sustainable” as a synonym for organic farming or low-
input farming; however, that is not precise, because all
agricultural systems must be analyzed through the perspec-
tive of sustainability.

Organic agriculture cannot feed the world, the limiting
factor being the nutrient supply. Organic nutrients come from
plant biomass or are transformed to compost or animal ma-
nure. The only source of nitrogen is biologic N-fixation by
legumes, whichmust be included in crop rotations, using extra
land, labor, water, and other nutrients. High-input organic
farmers are limited by the extra land needed to obtain organic
manure; there are no possibilities to increase the actual num-
bers [14•].

The international agricultural market covers around 10 %
of total agricultural production. That means there is a global
market for nutrients, water, and land. A report by the Obser-
vatory for Productivity and Efficient Use of Resources in
Agriculture (OPERA) shows that the EU uses 50 million
hectares of cropland overseas, mainly in South America (Bra-
zil and Argentina), North America (USA and Canada), South
East Asia, and Australia [10]. Nutrients must be returned to
those lands. Today, in the developing countries and remote
areas there are many small farmers using non-certified organic
systems with no other options. Famine and poverty are com-
mon among those farmers; according to the FAO 75 % of
poverty is in rural areas, and it is driven by lack of resources,
low output, and unsustainable practices, rather than the adop-
tion of the principles of organic agriculture [15].

Land

During the past century, expansion of the croplands helped to
increase the food supply. Intensification of agriculture in the
developed countries has reduced cropland usage. The best
soils of the Earth are already under cultivation, occupying
nearly 1.5 billion hectares (10 % of the Earth’s surface). An

Curr Sustainable Renewable Energy Rep (2014) 1:57–65 59



extension of acreage would result in more easily eroded or
nutrient-poor soils for cultivation. For example, grasslands
represent a total of approximately 3.5 billion hectares. Other
lands prevent release or are protected territory for natural
ecosystems. The issue is not trivial. We must choose between
more intensive agriculture and more natural spaces; or more
extensive agriculture and fewer natural spaces. The question
is: How much surface do we want to maintain as natural
ecosystems? Urbanization, the expansion of artificial surfaces,
is a major cause of agricultural land loss on our planet. Urban
agriculture reduces this impact more in developing countries
than in developed countries [16, 17]. Urban agriculture is the
production of food in, or around, the urban areas to minimize
the energy required in transportation of fresh and residual
produce; in 2050, around 75 % of world population will live
in cities. In Africa urban agriculture provides a significant
share of income for the urban poor; there is also fairly consis-
tent evidence of a positive statistical improvement in the
dietary adequacy indicators [18].

Since 1992, the EU Common Agricultural Policy reform
(MacSharry reforms) has set aside 40 million hectares of
cropland out of production [5]. The abandonment of cropland
is a global phenomenon. For example, China has established a
“red line” to prevent a reduction in 120 million hectares of
cropland, after the abandonment of the fields in only a few
years resulted in a decrease from 130 million hectares to 122
million hectares in 2008, approaching the minimum. The
policy allows farmers to maintain production of 550 million
tons of cereal grain. Production is complemented with imports
and produced on land purchased or leased from other coun-
tries, especially in Africa and the Americas.

According to Cai et al. [19], there are 320 million to 702
million hectares available for biofuel production in Africa,
China, Europe, India, South America, and the continental
USA. The authors consider this land “marginal agricultural
land,” defining marginal land as “abandoned and degraded
cropland and mixed crop and vegetation land, usually of low
quality.” However, marginal land also has marginal yield [6],
and the potential biofuel production is overestimated for those
lands [19]. Because energy salvaging is possible only with
long harvest cycles, associated mainly with perennial plants
accumulating biomass during several years, it is a low-
intensity harvest. Land available for bioenergy production is
estimated from 56million to 103.5 billion hectares, depending
on the scenario and the rule set used from high-resolution
satellite imagery, although these estimates are uncertain [20•].
For the USA, marginal lands have a significant potential for
renewable energy. Energy is obtained in different ways: photo-
voltaic; concentrating solar power; wind; hydrothermal–geo-
thermal; mini-hydro systems; biomass power; and landfill gas
to energy. Overall the solar technologies present the greatest
opportunity, followed by wind and biomass power. Biomass
power potential is concentrated in the eastern USA [21].

There is evidence that biofuel expansion cannot be linked
to the net harvested area dedicated to food production [22••].
Both biofuel crop areas and croplands harvested for food,
feed, and fiber markets increased in most countries, including
the USA and Brazil. The relevance of this study reflects the
fact that most alarmist claims and criticism, against biofuel
expansion because of land competition, might be mistakenly
evaluated. Themulti-cropping systems that biofuel production
may allow possibly overlook several synergies, such as those
of co-products, double-cropping systems, and fallow reduc-
tion. From 2000 to 2010, more than 34 major biofuel-
producing nations had an increase of 14 million hectares of
cropland; at the same time, increased cropping intensity cre-
ated more than 42 million hectares of extra cropland [22••].
Biofuel crop areas and net harvested crop area increased in
most countries, including the USA and Brazil, from 2000 to
2010. The conclusion therefore is that biofuel expansion is not
associated with a decline in the area available for food crop
production.

Water

Water is one of the most prized land elements. Life arises from
and moves around water. Plants depend on its availability
while acting as very efficient conductors of the flow of water
that penetrates from the soil through roots and stems, then
through leaves, and then out into the atmosphere. Crops need
large amounts of water. Only 6.1 % of the renewable fresh
water supply is the human appropriation of accessible runoff
[23]. Most water is found in the oceans (97.4 %) with the rest
in ice, polar lands, and glaciers (2 %). Freshwater distribution
is irregular; some areas, such as the Amazon basin, have large
quantities of water with minimal human usage, whereas
others, such as Saharan Africa, have very little availability.

Agricultural water requirements are calculated by estimat-
ing crop evapotranspiration needs, assuming current levels of
water depending on crop productivity and management [24].
Transpiration water is linearly correlated with crop biomass.
For example, the amount of water needed to produce a kilo-
gram of grain under appropriate conditions varies from
1000 L for rice to 500 L for maize. Regulated waters are
focused as a service for irrigating land; for this reason, irriga-
tion uses 70 % of regulated waters globally. Transpired water
always returns to the atmosphere. For every 2 L of water a
person needs to drink per day, 2000 L are used for the primary
production of that person’s balanced diet. Improvements in
yields of both rain-fed and irrigated crops have increased
water usage. According to Brauman et al. [25•], irrigated
cropland and the demand for water will increase significantly
by 2050; they disagree with the projection made by the OECD
[5] showing a decline in the demand for water for irrigation.
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The FAO [26] estimates that the limit of poverty related to
water is a minimum of 700 m3 of available water per person
per year. The water used to produce food for the diet of an
average person is 10 times greater than the amount necessary
for other uses. Taking into account the nutritional standard
unit of 500 kg of cereal per person, the amount of water
needed to produce rice and maize is 500 m3 and 250 m3 per
person per year, respectively. For example, in Egypt, a country
based on irrigation, the forecast is that by 2025 the quantity of
available water per capita will decrease to 500 m3 per year
[27]. It is well-documented that irrigation contributes to the
alleviation of hunger and poverty in Asia and Africa, although
success is not reached in all cases [28, 29]. These values alone
show that agriculture is the activity for which most water is
needed. Water is the main renewable resource required for
cultivation. Moreover, not only is a certain amount of water
required, but that water should be available in the quantity
needed throughout the production cycle. Managing the avail-
ability of both rain and irrigated water is critical for successful
agriculture.

Efficiency in the use of water (or its inverse, the virtual
water of crop) depends on physiologic factors of the crop
species, the environment, and crop management. Thus, for
example, efficiency is greater in plants that have a photosyn-
thetic mechanism called C4, including crops such as maize,
sorghum, and sugar cane, which are adapted to tropical and
subtropical climates and, therefore, do not grow in environ-
ments with average temperatures below 10 °C, as compared
with C3 species such as wheat and barley. Meanwhile, inten-
sive growing in greenhouses allows control of meteorological
variables that affect crop performance, raising the efficiency
of water use to the maximum. For example, in the case of
tomatoes and beans, water use efficiency is almost 3.5 times
greater in greenhouse than outdoor cultivation.

To better understand the importance of water in agricultural
production, we show two examples (Fig. 1). The first is the
evolution of wheat yields under rain-fed conditions on a
chronologic scale from 1922 to 2010 for two areas of Spain:
one in Albacete province, representative of a semi-arid Med-
iterranean area in the southeast; and the other in Lugo prov-
ince, representative of a temperate wetland in the northwest.
The yield trend for wheat in the initial years of the 20th
century was decreasing until 1950 (Fig. 1). This downward
trend does not occur linearly; rather, there are years in which
performance falls miserably (variations between 400 kg/ha
and 1200 kg/ha) because of the recurrence of rainy and dry
cycles. From 1950, and coinciding with the start of the so-
called green revolution, there is a change in the trend. Two
phenomena are observed from 1950: one is marked by a line
showing maximum yields, which rises at a rate of 40 kg/ha per
year as wheat yields begin to increase; the other encompasses
minimum yields, and variations can be seen in the perfor-
mance against this trend that usually coincide with years of

poor rain or other weather factors despite improvements in
cultivation, seeds, fertilizers, and machinery. Lack of rain is
decisive, for these technologic improvements remain without
effect. In Lugo, where the production level initially is greater
but the behavior is similar, there is an initial downward trend
in the yield of wheat until 1967. This downward trend, as in
Albacete, was not linear, but there are years in which perfor-
mance falls and others in which it even increases (1947–
1961). From 1967, there is a change in the trend; wheat yields
start to rise, although some years show slight decreases in
performance that often coincide with years of poor rain;
however, unlike Albacete, there is a ground line.

The second example is the evolution of maize yields under
irrigation in a Mediterranean region of Albacete in southeast
Spain (Fig. 1). Initially, a constant trend may be observed;
then, between 1922 and 1954 there is a decrease. This year,
there is a change in the trend, which happens to be growing at
a rate of 243 kg/ha per year. No doubt, improvements in
irrigation techniques coupled with the application of the green
revolution (fertilizers, selected seeds, improvement inmachin-
ery) have made this possible. In addition, in this case, irriga-
tion allows higher productivity and decreases variability, or
the risk of having years with famine or lack of a food supply.

Irrigation has contributed to yield stabilization and an
increase in productivity. Water resources must be managed
properly. In some regions of Asia and the Middle East, the
ground water table is falling quickly because of a lack of
regulated water and high demographic pressure [31]. The
key factors causing water/food-induced conflicts [31] are
water scarcity and population growth; mismanagement of
water; problems in trans-boundary river basin management;
limited information on water resource availability; water pol-
icy overlaps; water quality degradation and pollution; struc-
tural imbalance; problems with management authorities; lim-
ited awareness of water issues; a slow transfer of technology; a
shortage of capacity building and institutional development;
inadequate stakeholder participation; a shortage of available
funds; and poor public awareness programs.

The growing meat demand is related to an increase in grain
production; it is estimated that 1 billion tonnes of grain is
dedicated to feed animals annually, but crop and livestock are
complementary, as half of world’s food comes from mixed
farming [32•]. Ruminants eat high fiber plants that are unsuit-
able for human. Pasture management and improvement can
help to sustain livestock [32•].

Soil and Nutrients

According to Jones et al. [33••], agricultural sustainability can
be fulfilled only by using a whole-systems approach that
considers nutrient stocks, removal, export, and recycling.
They stated that the current rates of soil nutrient deliveries
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must be reduced and the use of synthetic fertilizers made more
efficient. Taking into account that more food needs leads to
more nutrient reduction, nutrient use must become more effi-
cient. Nowadays, fertilizers incorporate complete doses of
macronutrients and micronutrients for any crop, but fertilizers
must be used properly to avoid or minimize leaching, volatil-
ization and other losses [34•]. Nutrient deficiencies are rare in
developed countries but micronutrient deficiencies are com-
mon in the less-developed countries [33••]. Integrated soil
fertility management is a new approach to raising productivity
levels while maintaining natural resources [35]. Integrated soil
fertility management focuses on restoring soil nutrient pools,
reducing nutrient losses, and improving efficiency. The cycle
of sustainability must facilitate the return of all farm resources
back to the field. The pathways of the elements are different
(Fig. 2). Water, carbon, and nitrogen are transferred through
the atmosphere, whereas phosphorus, potassium, and
micronutrients flow through organic matter or in water solu-
tion. The closeness or remoteness of each level contributes to
the achievement of sustainability.

Nitrogen (N) inputs to croplands have been, and will con-
tinue to be, an important contributor to obtaining more food;
however, a proportion of the N input is not taken up by crops
and leaves the field, contributing to air or water pollution.
Conant et al. [36•] constructed a nitrogen input database from

the 1960s through to 2007. These data show a positive corre-
lation between yields and increased N fertilization. Also, they
show that aggregate yields in OECD countries are 70 %
greater than in non-OECD countries, with the N input rates
at just 54 % greater, suggesting that nitrogen management by
OECD countries is better than that of non-OECD countries
[37]. This suggests that there is a gap in improvements
through enhanced N delivery and uptake in the world’s low-
yielding crop areas which will increase efficiency of N use; it
is an important factor to meet food demand in the future.

Today, nitrogen loads might be an important source of N in
low-input systems, such as in organic agriculture; as well as in
the USA [38] and China [39], which are countries with high
industrial activity and fuel consumption. Long-term unfertil-
ized croplands increase crops’ N uptake [39].

Phosphorus (P) will be the limiting macronutrient in crop-
lands; it is an essential plant nutrient and a nonrenewable
resource, and is being consumed at a rate of 23.5 Tg/year
[40]. The global demand for P is estimated to increase 1.5 %
annually, and at that rate, supplies would be exhausted in 100
to 250 years [41]. Phosphorus deficit in the agricultural system
is estimated to occur in almost 30 % of global croplands [42].
Therefore, the rational use of P reserves is essential to sustain-
able agriculture [43]. This use involves efficient management
of soil, fertilizer and recycling, and water quality.

Sustainable management of fertilizers also focuses on other
nutrients. Complex fertilizers that incorporate more than the
three macronutrients perform better. For example, wheat yields
were higher when the crops were fertilized with organic manure
plus NPK (K=potassium), than with only NPK applying the
same quantity of nitrogen [44]. This study showed that long-

Fig. 1 Evolution of yield from irrigated corn and rain-fed wheat in the
Mediterranean region of Albacete (southeast Spain) and rain-fed wheat in
the temperate region of Lugo (northwest Spain). (Data fromMAGRAMA
[30])

Fig. 2 Theoretical simplified flow diagram for agricultural sustainability.
Carbon, water, and nitrogen cycles comprise the atmosphere nutrients
from soil that are transported through the food chain; the pumped energy
is provided by the sun
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term application of organic manure with inorganic fertilizers
improved the synchrony between nitrogen supply and wheat
demand and increased nitrogen use efficiency and grain yield.

Waste Management

Agricultural waste refers to many goods used in the produc-
tion process (from the farm to fork), which the farmer or
costumer discards, intends to discard or is required to discard
[45]. Waste can be classified into natural or non-natural; and
by type of substance, liquid, solid, or gaseous. Natural wastes
are crop waste, food waste, livestock waste, dust and gases,
and other natural products. Non-natural wastes are packaging;
plastics (silage films, greenhouse films, horticultural films,
bale twine and net-wrap, cores, tree guards and other plastics);
cardboard cores; agrochemicals; animal health waste (sheep
dip, unused medicines, syringes and needles, dressings and
swabs, aerosols); machinery waste (oil, batteries, tires and
other machinery/equipment); and building waste (concrete,
metal and others). For a farming system approach, waste
management is an important issue to be included. In all cases,
wastes are a proportion of the original material.

Non-natural waste must be managed properly to prevent
contamination and toxic damage to the environment or to
humans. Natural wastes have three main applications: com-
post; animal feed; and energy production (biomass and meth-
ane). In the cycle of nature and agricultural systems, the key is
to return nutrients and materials to the field. If agriculture
extends from field to folks, we need to close the cycle from
folks back to the field. This simple principle is regulated by
thermodynamic rules and entropy. Waste management of nat-
ural products in agriculture must be considered along the
trophic chains. In farming systems, animals appear to use
plant materials unsuited for human consumption.

Crop and animal waste contains organic matter and nutrients
that must be returned to the fields that generated them. With
regard to nutrient cycling, losses occur during all phases. For
example, nutrients transferred from a pig farm to the compost
pile contain 29 % of total nitrogen, 87 % of phosphorus, 34 %
of potassium, and 75 % of magnesium [46]. Municipal sewage
applications can be a source of nutrients, but the particulate-
sludge from municipal sewage might result in soil contamina-
tion, accumulation of trace elements, and phytotoxicity de-
pending on the urban and industrial activities. Residue retention
is an innovative management solution for high-yield crops for
biomass crop waste. High-yield rice varieties produce high
residues. In one study, total system productivity increased by
11 % to 16 % through management with residue retention in
permanent wide-bed planting and zero tillage [47].

According to the (FAO), uneaten food is estimated to
account for 30 %. This percentage is divided into food loss
and food waste [48]. Food loss is the produce lost during the

post-harvest, processing, packaging and delivery processes,
and includes biomass originally meant for human consump-
tion but eventually used for other purposes. Food waste is
food loss occurring during the retail and final consumption
stages, due to the behavior of retailers and consumers. Kusch
and Evoh [49•] suggested that food waste might be a source
for bioenergy. They considered that better management of the
food chain and food wastage might contribute to food security
and recover energy and other resources; a third of all food is
lost across the food supply chain [50]. In the sugar beet
manufacturing industry, sugar factory lime is used to produce
a fertilizer as a calcium source; this byproduct is calcium
carbonate containing up to 50 % CaO and other nutrients.

The circular economy model and reverse logistics in agri-
culture are applied to material management [51]. Reverse
logistics covers all the operations related to the re-use of
products and materials. We must consider crop and food
nutrients in the circular economy model. Although there are
some estimates of food waste, how much is actually wasted is
not well-known, as the estimates focus mainly on fresh pro-
duce [52]. Forty-two percent of food waste occurs in house-
holds, 39 % in the food manufacturing industry, 14 % in
catering and restaurants, and 5 % in the distribution chain,
and waste is projected to rise to about 126 Mt by 2020 [52].

Conclusions and Final Remarks

The future of agriculture is uncertain. In the context of climate
change, there will be losers and winners [53, 54]; however,
this is not new in the history of agriculture. Parts of Africa,
southern Europe, and southern and eastern Asia have been
projected to be particularly negatively affected, whereas
northeastern Europe and northern America might experience
more favorable conditions for agriculture. Achieving global
food security will depend on the relationship between the
farmer and the rest of the population, who mainly have an
urban and sedentary lifestyle [55]. The sustainable develop-
ment of agriculture is a complex issue. Meeting food demand
is and will be the main feature of agriculture, and sustainable
food systems will become even more critical. Re-engineering
of agricultural practices for the optimummanagement of land,
water, soil, nutrients, and waste management from a systemic
point of view will be the key.
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