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Abstract: Soil conservation is threatened by a number of factors, namely the effects of
intensive agricultural practices, the increasing pressure for food production linked to the
increasing human population, the consumption patterns in developed and emerging
economies, and the conversion of agriculture from the production of commodities (which
is itself a goal in need of discussion) to the production of biofuels. The extent of human
pressure and the effects of conflicting land use systems need to be addressed. Alternative
and conservative agricultural practices need to be explored and widely adopted in order to
preserve the soil fertility, assessing their pros and cons. In this paper, the main potential
alternative practices are reviewed, focusing in particular on organic farming. It is also
argued that in order to better plan to preserve soil health a strategy considering the whole
food system is required.
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1. Introduction

In the early 1970s, with the “green revolution” led by Norman Borlaug (1914-2009, Nobel Peace
Prize in 1970), agricultural productivity experienced an incredible leap forward. The productivity of
the new high-yielding grain varieties (HY Vs, termed also high-response varieties), on average, more
than doubled and for some cereals it improved by a staggering 45 times [1-3]. This helped to meet
world food demand and saving hundreds of millions from starvation. Asia, for example, which was
threatened by hunger and mass starvation as late as the mid-1960s, became self-sufficient in staple
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foods within 20 years, even though its population more than doubled [4]. The green revolution relied
on cheap fossil fuels, which allowed the industrial production of chemical fertilizers and pesticides, the
mechanization of agriculture and the massive use of irrigation [1,5]. Along with those tangible
benefits, the new intensive agriculture had to face also some problems. Crops were more prone to pests
and diseases and newly developed synthetic pesticides were necessary to keep pests out of the crops.
The environmental impact of agricultural activity increased too, and the overall efficiency (as
output/input) declined sharply [2—4,6,7]. Decades of agricultural intensification, then, exacerbated the
demand for water use and affected soil fertility, threatening long-term crop productivity by increasing
soil degradation and causing water shortages [7-10].

It has been widely reported that intensive farming exacerbates soil erosion and loss of Soil Organic
Matter (SOM), threatening the long-term sustainability of crop production, especially under extreme
climatic events such as droughts [9,11-16].

About 40% of global croplands may be experiencing some degree of soil erosion, reduced fertility,
or overgrazing [9,11,17,18]. Soil erosion has been estimated to reduce yields on about 16% of
agricultural land, especially cropland in Africa and Central America and pastures in Africa [17]. At
present, the accelerated rates of erosion experienced are causing major modifications to carbon,
nitrogen and phosphorus biogeochemical cycles [10,19]. Resistance of soils to erosion is closely linked
to the stabilizing influence of organic matter and vegetation cover. In regions such as Asia and Africa,
where soil erosion is associated with reduced vegetation cover, the loss of soil carbon can trigger
catastrophic shifts to severely degraded landscapes [10,20].

Most SOM is found in the topsoil (15-25 cm of the A horizon) in the form of above- and
belowground plant residues. SOM is of key importance for soil fertility [11,14,21-24]. The Soil
Organic Carbon pool to 1 m depth ranges from 30 tons ha™' in arid climates to 800 tons ha ' in organic
soils in cold regions, and a predominant range of 50 to 150 tons ha ' [14]. Fertile agricultural soils can
contain up to 100 tons of organic matter per hectare (or 4% of the total soil weight) and, in the case of
most agricultural soils, SOM represents 1%—-5% of topsoil [25]. Conventional agricultural practices
that tend to leave soil uncovered for long periods of the year are responsible for topsoil erosion and
reduction of its SOM content. Soil removed by either wind or water erosion is 1.3—5.0 times richer in
organic matter than the soil left behind [14,15,21,26]. About 95% of soil nitrogen and 25%—-50% of
soil phosphorus are contained in the SOM-containing topsoil layer [15,21], the importance of which is
such that in one study it was estimated that the reduction of SOM from 1.4% to 0.9% lowered the grain
yield potential by 50% [27].

Agricultural practices such as no-till agriculture or minimum tillage, and organic farming can help
to reduce soil loss and restore soil fertility [15,16,28-31]. Although permanent grasslands respond
slower and probably weaker to organic management than crop fields do, it seems that organic practice
may benefits grassland too [32].

In this paper, I will review some key issues concerning the environmental impact of current
agricultural practices and present some potential alternative agricultural practices that may be adopted
to make agriculture less environmentally damaging, reducing the use of natural resources and
preserving soil fertility and biodiversity. Finally, I will discuss the need to adopt a complex approach
when planning for land use and soil management.
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2. Soil in Context: Socioeconomic Pressure and Impact of Current Agricultural Practices

Agriculture should also aim at guarantying food security for people. As stated by [33], food security
is defined as a state when “all people, at all times, have physical and economic access to sufficient,
safe and nutritious food for a healthy and active life”.

Agricultural systems are agroecosystems and agricultural science can be referred to as
agroecology [22,34,35]. To this regard Miguel Altieri, one of the pioneer in agroecology
science [22,36] provides the following definitions: “Agroecosystems are communities of plants and
animals interacting with their physical and chemical environments that have been modified by people
to produce food, fiber, fuel and other products for human consumption and processing. Agroecology is
the holistic study of agroecosystems including all the environmental and human elements. It focuses on
the form, dynamics and functions of their interrelationship and the processes in which they are
involved.” (p. 8 in [36]).

Agroecosystems can effectively be understood as made up of many different component,s which
can only be defined after adopting different perceptions/descriptions referring to different levels and
scales. When adopting a biophysical view we can move from the scale of the soil, and its fauna, to
arrive at the scale of crop species. When adopting a socioeconomic view we can start from the scale of
the farmer, and moving up to that of the household of the rural community in which the household
lives, to arrive at the scale of local, regional and national socio-economic systems. Using an ecological
view we can have: the scale of the micro-ecosystems in the soil, local agroecosystems, then the scale of
landscape and the watershed, up to the natural mechanisms generating biogeochemical cycles of water
and nutrients that are required to stabilize and constrain the boundary conditions of the farming
activity [37,38]. Agriculture is dynamic and evolving in the sense that it reflects both the changes
occurring in: (i) external constraints, posed by the environmental system (e.g., biodiversity, landscape,
and climate) and the socioeconomic systems (e.g., demography, cost of labor, and technological
innovation), and (ii) internal characteristics reflecting cultural, social and technical innovations (Figure 1).

Figure 1. Soil and agroecosystems are complexly interwoven with the environmental,
ecological and socioeconomic domains, at different hierarchical scales.
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However, this complex nature of agroecosystem has been neglected. As pointed out by Foley et al.
(pp. 570-571 in [39]) “In short, modern agricultural land use practices may be trading short-term
increases in food production for long-term losses, in ecosystem services, including many that are
important to agriculture”. In order to work for a more sustainable agriculture we have to acknowledge:
(1) the multifunctional nature of agriculture, that is not only producing commodities but also
preserving the health of ecosystems, and quality of life for consumers and rural communities; and (2)
the multi-scale nature of the complex network of relations among ecosystems and socioeconomic
systems, that requires considering simultaneously different but relevant dynamics operating at different
hierarchical levels [37—42].

Soil is the keystone of the agroecosystem, and preserving its health and fertility is a must. In order
to work toward better soil management, many different issues must be tracked and dealt with: from
adopting healthier management practices, to dealing with socioeconomic problems (e.g., population
pressure, income distribution, market structure, subsidies mechanism), up to changing some of our
paradigms and “values” concerning what agriculture is for (e.g., commodity production vs. food
security) and how it should be cared for (e.g., massive exploitation vs. long term preservation of our
“living support system”). Some key challenges ahead concern, for example:

(1) Population: Human population is rising by about 75 million (1.1%) per year, and will reach the
staggering figures of 8.3 billion by the 2030 and of 9.2 billion by the 2050 [43—45]. At the same time
(1) crop productivity stagnates and the yearly supply of grain per capita is decreasing [46—48],
(i1) about 2 billion ha of the world’s agricultural land have been degraded [9,23,39,47], and (iii) the
Human Appropriation of Net Primary Productivity (HANPP) reached 50% leaving less and less room
and resources to biodiversity and ecosystems, thus compromising the existence of many species and
the proper functioning of ecosystems [49-51].

(2) Land: Recent studies suggest that by 2050 the world will need 60% [45], up to 70 more
food [52]. By 2030, worldwide, an additional 120 million ha—an area twice the size of France—will
be needed to support food production [53], while built-up area/cropland area—estimated 3.5% in
2000—will reach 5.1% (then 7% in 2050) [47]. The Millennium Ecosystem Assessment [7] estimated
that, roughly, 10%—-20% (low to medium certainty) of current grassland and forestland is projected to
be converted to other uses between now and 2050, mainly due to the expansion of agriculture and,
second, due to the expansion of cities and infrastructure. So a new challenge lies ahead—how to feed 9
billion with less land, water and energy [54,55]?

(3) Land for food vs. land for energy: Biofuels have lately been indicated as a promising source of
cheap and sustainable energy. However, large scale conversion of crops, grasslands, natural and
semi-natural ecosystems may have detrimental social (e.g., food security, land, grabbing) and
ecological consequences (e.g. deforestation, loss of biodiversity, soil erosion) [56,57]. Further to that
the power density (W/m?) of biomass is simply too low to fuel our energivorous society [5,55,58].
Such low power density makes biofuels a highly labor-intensive energy source, resulting in the
displacement of a high fraction of society labor force to energy production and so an increase of the
price of energy [5,55,59].

(4) Water: Currently, on a global scale, 70% of the 3800 km® of water that humans use is directed
towards agriculture, 20% towards industry and 10% towards urbanized areas [8]. By 2050, agricultural
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water use is expected to increase by 13% [8]. The production of common crops in many parts of the
world requires a great amount of water, from a few hundreds to a few thousand times the final crop
mass [1,3,8,60,61].

(5) Biodiversity: Agricultural expansion has a direct impact on local biodiversity through landscape
modification which, in turn, results in displacement of local populations and loss of ecosystem
services. The loss of native habitats and agricultural intensification, which displaces traditional
varieties of seeds with modern high-yielding, but genetically uniform crops, are threatening
biodiversity (both wild and domesticated) all over the globe [7,39,62-66]. Farming, including land
conversion to farmland, for instance, accounts for 37% of threats to bird species listed as threatened
species [65]. Extensive industrialized agriculture also greatly contributes to impoverishing crop
biodiversity, with the loss of a large number of agricultural species and varieties [67].

(6) Synthetic fertilizers: Between 1960 and 1995, at a global scale, N fertilizer use on cereals
increased sevenfold, whilst cereal yields more than doubled; however, N fertilizer efficiency (cereal
yields divided by N fertilizer inputs) declined from over 70 to around 25 kg grain per kg N [6,68]. The
overall global nitrogen use efficiency of cereals decreased from ~80% in 1960 to ~30% in 2000 [6,69].
Global data for maize, rice, and wheat indicate that only 18% to 49% of nitrogen applied as fertilizer is
taken up by crops; the remainder is lost to runoff, leaching, or volatilization [68]. Nitrogen fertilizers
are of key importance in intensive conventional agriculture. However, their use turns out to be a major
cause of concern when it comes to environmental pollution. The primary source of N pollution
comes from N-based agricultural fertilizers, whose use is forecast to double or almost triple by
2050 [6,19,70]. Synthetic fertilizers also have a direct negative impact on soil diversity and several soil
processes. The use of synthetic fertilizers and herbicides applications changes relations within and
between below and aboveground soil components, promoting negative impact on agriculture by
reducing internal biological cycles and pest control [71].

(7) Pesticides: Widespread use of pesticides on crops has led to the emergence of many
pesticide-resistant pests and pathogens [62,72—75]. People can be exposed to excessive pesticide levels
while working; via food, soil, water or air; or by directly ingesting pesticide products. Pesticides are
known to cause 26 million human poisonings per year and 220,000 deaths [76]. Along with other
synthetic chemicals, some pesticides have a direct effect on the reproductive system of many high
organisms, acting as endocrine disruptors, and inducing severe reproductive problems and modifying
sexual behavior [77,78].

(8) Food waste: When it comes to the food system, it is disturbing, to say the least, to know that
30%—-40% of the food produced in the field is wasted through the food system; in industrialized countries
it is estimated that 15%—-20% of it just passes directly from our fridge to the bin [1,54,79-82]. Food
wastage clashes with the increasing costs of intensive agricultural practices. Costs are being paid in
terms of loss of soil and fertility, reduction of water supply, threat to biodiversity and pollution from
agrochemicals [6—8,19]. For the USA it has been estimated that the energy embedded in wasted food
represents approximately 2% of annual energy consumption, which is substantial when compared to
other energy conservation and production proposals [80].

(9) Diet balance: Population growth is not the only driver increasing the demand for agricultural
products. Higher pressure is exerted by the increasing per capita consumption and changes in diets
leading to the consumption of more livestock products by people in newly industrialized countries
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such as China, India and Brazil [3,45,83]. Referring to the average American diet with meat, Pimentel
and Pimentel [3], and Pimentel [84] estimate that a vegetarian diet of an equivalent 2200 kcal per day
(referring to The Food and Drug Administration, which recommends an average daily consumption of
2000 kcal for females and 2500 kcal per day for males), requires 33% less fossil energy, much less
than the average American is consuming today. Reducing the caloric intake would significantly reduce
the total energy expended for food production as well as help lessen the obesity problem [3,83].

(10) Energy: The global share of energy used in agriculture is less than 5% of all primary inputs,
ranging in affluent societies from as low as 3%, in the United States, and as high as 11% in the
Netherlands [5]. In contrast, direct and indirect agricultural energy uses claimed about 15% of
China’s total primary energy supply [5]. About 30%—50% of agriculture energy cost is accounted for
fertilizers [3,5,82]. In industrialized countries, however, the energy in the production sector
(agriculture) is a small fraction of the total energy cost of food, as most of the energy used by the food
system being consumed by post-harvest activities (Table 1). In order to save energy and reduce CO,
emission related to food production and consumption, it is then important to address the functioning of
the whole food system. Pimentel ef al. [85] estimated that the amount of fossil energy used in the USA
food system could be reduced by about 50% with changes in production, processing, packaging,
transport, and consumption.

Table 1. Energy input for a 455 g, can of sweet corn in the USA market (from [3] modified).

Energy input Kcal % On total
Production 450 15
Processing 316 10
Packaging 1006 33

Transport 158 5
Distribution 340 11
Shopping 311 10
Home 457 15
Total 3038 100

3. Alternative Management Practices

In this section, some promising alternative agricultural practices are reviewed concerning their
benefits to preserve soil fertility and reduce the overall environmental impact of agriculture.

3.1. Low Input, No-Tillage Agriculture

Sustainable agriculture must, as defined by the U.S. Department of Agriculture in the 1990 Farm
Bill: “over the long term, satisfy human needs, enhance environmental quality and natural resource
base, make the most efficient use of nonrenewable resources and integrate natural biological processes,
sustain economic viability, and enhance quality of life” [86]. The early idea of a sustainable agriculture
was for a farming system that mimics natural ecosystems, and developed in USA in the 1980s
(e.g., [87-89)).

Sustainable agriculture should aim at preserving the natural resource base, especially soil and water,
relying on minimum artificial inputs from outside the farm system. It should be able to recover from
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the disturbances caused by cultivation and harvest while at the same time being economically and
socially viable [22,34,35,88,90-96]. Sustainable agriculture aims at keeping to a minimum or not used
at all agrochemicals (such as in organic agriculture), by adopting conservative practices (crop rotation,
integrated pest management, natural fertilization methods, minimum tillage, biological control),
which are fully integrated in farm management. Agricultural practices such as no-till agriculture,
or minimum tillage, have demonstrated valuable strategy to reduce soil loss and restore soil
fertility [16,28,36,91,92]. Soil fertility can be improved also in conventional tillage, by adopting
proper farming practices (e.g., using cover crops, leaving residues in the field, avoiding soil
compaction, reducing the use of agrochemicals).

Agricultural activities (not including forest conversion) account for approximately 5% of
anthropogenic emissions of CO; and the 10%-12% of total global anthropogenic emissions of GHGs
(5.1 t0 6.1 Gt CO; eq. yr ' in 2005), accounting for nearly all the anthropogenic methane and one to
two thirds of all anthropogenic nitrous oxide emissions are due to agricultural activities [97]. In 2008,
in the USA, agricultural activities were responsible for about 7% of total U.S. GHGs emissions in
2008 (with livestock as major contributors) with an increase of 10% from 1998 to 2008 [98].
Adopting conservation tillage (including no-till practices), could reduce GHGs by an important
amount [14,15,99-101]. It has been estimated [102] that by adopting sustainable practices, agriculture
could offset up to about 20% of total global annual CO, emissions. Evidence from numerous Long
Term Agroecosystem Experiments indicates that returning residues to soil, rather than removing them,
converts many soils from “sources” to “sinks” for atmospheric CO, [12,14,101,102]. According
to [101], it seems possible that a mix of residues that includes legumes and more recalcitrant materials
such as cereal straw or forage crops could result in the greatest stabilization of soil structure.

However, it is to be pointed out that SOM can be increased up to a certain level where it starts
leveling-off. Therefore, there is a limit to how much carbon the soil can capture acting as a carbon sink
and that conversion to more sustainable agriculture can only represent a temporary and partial solution
to the problem of carbon dioxide emissions. Long term solutions concerning GHGs emission
abatement should rely on a more general change of our development path, for instance by reducing the
overall fossil fuel consumption.

3.2. Perennial Crops

From the 1980s some scholars began suggesting to move from an agriculture based on annual crops
to an agriculture relying on the cultivation of perennial crops, order to reduce the detrimental effect of
soil tillage; agrochemical usage could be avoided or at least greatly reduced authors. Perennial crops
seem to bring a valuable number of benefits [68,87,88,103,104]: (i) with their roots exceeding depths
of two meters, can improve ecosystem functions, such as water conservation, nitrogen cycling and
carbon sequestration; more than 50% when compared to conventional crops, they are reported to be
50 times more effective than annual crops in maintaining topsoil, reduce N losses from 30 to 50 times,
and store about 300 up to 1100 kg C/ha per year compare to 0 to 300400 kg C/ha per year as do
annual crops, and it is believed they could help restrain climate change, (ii) reduce management costs,
because they do not need to be replanted every year; so they require fewer passes of farm machinery
and fewer inputs of pesticides and fertilizers as well, which reduces fossil fuel use, (iii) required less
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harmful inputs, herbicide costs for annual crop production may be 4 to 8.5 times the herbicide costs for
perennial crop production, so fewer inputs in perennial systems mean lower cash expenditures for the
farmer and a greatly reduced environmental impact. Work is still needed, however, to improve yield
performances and post-harvest processing technologies capable of utilizing more perennial
crops [103,104].

Perennial crops are predicted to better adapt to temperature increases as the magnitude predicted by
most climate-change models. Cassman et al. [68] report that increases of 3 to 8 degrees Celsius are
predicted to increase yields of switchgrass (Panicum virgatum), a perennial forage (used as hay or
grazed by cattle) and energy crop, by 5000 kg per ha, whereas for annual species yields are predicted
to decline (e.g., maize—1500 kg per ha; soy-bean—=800 kg per ha; sorghum—1000 kg per ha).

3.3. Organic Farming

A different alternative to conventional agriculture has been proposed and implemented by the organic
agriculture movement. Organic agriculture is regulated by international and national institutional bodies,
which certify organic products from production to handling and processing [105-110]. The origins of
organic agriculture can be traced back to the 1920-1930 period in North Europe (mostly Germany and
UK) [30,111-114], and it is now widely spread all over the world.

Preserving and enhancing soil health is at the core of organic farming. To preserve soil fertility
organic agriculture relies on a number of farming practices that take fully advantage of the ecological
cycles. In organic farming systems, soil fertility is enhanced by crop rotation, intercropping,
polyculture, cover crops and mulching. Pest control is achieved by using appropriate cropping
techniques, biological control and natural pesticides (mainly extracted from plants). Weed control, in
many cases the main focal problem for organic farming, is managed by appropriate rotation, seeding
timing, mechanic cultivation, mulching, transplanting, flaming, etc., [15,73,112,115].

Soil characteristics are generally site-specific, but to date many studies have proven organic
farming to perform better in preserving or improving soil quality with regards to both biophysical (e.g.,
SOM, stored nutrients) and biological (e.g., biodiversity) properties (e.g., [30,99,116—130]). It has also
being reported that the combined application of organic resources and mineral fertilizers may represent
a viable approach to address soil fertility decline in sub-Saharan Africa [131].

Although few in number, important long-term studies concerning SOM content and soil
characteristics in organic and conventional soils have been carried out, both in USA and
Europe [30,116,121,124,129]. Organic farming resulted in significant higher SOM content along with
other better biochemical performance indicators and soil erosion was greatly reduced, with an erosion
rate that differed up to 4 times [124].

Techniques to reduce N loss and to increase the efficiency of N uptake are widely used in organic
farming, and many trials demonstrate the benefit of organic farming in reducing N leaching and
increasing N uptake efficiency [99,117,132,133]. Possible drawbacks from organic fertilization have
been reported by some authors (e.g., [2,134-136]): the “slow release’’ of nutrients from organic
compost or green manures can be difficult to control and harness and may fail to match crop demand,
resulting in N losses through leaching and volatilization. Moreover, in organic systems, competition
with weeds can greatly reduce N intake efficiency [135].
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Sustainable agricultural practices can be effective in improving water use efficiency in particular in
poor developing country affected by water scarcity [93,92]. Long-term crop yield stability and the
ability to buffer yields through climatic adversity will be critical factors in agriculture’s capability to
support society in the future. It has been estimated that for every 1% of SOM content, the soil can hold
10.000—11.000 liters of plant-available water per ha of soil down to about 30 cm [13]. A number of
studies have shown that, under drought conditions, crops in organically managed systems produce
higher yields than comparable crops managed conventionally. This advantage can result in organic crops
out-yielding conventional crops by 70%—-90% under severe drought conditions [122,124,137—139]. The
primary reason for higher yield in organic crops is thought to be due to the higher water-holding
capacity of the soils under organic management, up to 100% higher in the crop root zone [13,116,122].
Others studies have shown that organically managed crop systems have lower long-term yield
variability and higher cropping system stability [12,138].

A number of works [30,123,140,141], reports that organic farming is usually associated with a
significantly higher level of biological activity, represented by bacteria, fungi, springtails, mites and
earthworms. In a Swiss long-term experiment [119,121,127], soil ecological performance was greatly
enhanced under biodynamic and organic management. Microbial biomass and activity increased under
organic management, root length colonized by mycorrhizae in organic farming systems was 40%
higher than in conventional systems, and biomass and abundance of earthworms were from 30% to 320%
higher in the organic plots as compared with conventional. Concerning soil health, Briar et al. [126]
conclude that transition from conventional to organic farming can increase soil microbial biomass and
populations of beneficial bacterivore nematodes while simultaneously reducing the populations of
predominantly plant-parasitic nematodes. Soil management is reported to affect pest response. A
number of studies report pest preferring plants which have been nurtured with synthetic fertilizer rather
than those growing in organically managed soil [30,142—147], and under conventional management
natural enemies are also often doing worse probably due to the use of agrochemicals [148].

However, it has to be pointed out that local specificity plays an important role in determining the
performance of a farming system (and hold true for management systems in general): what is
sustainable for one region may not be for another region or area [138,149]. This is relevant to
understand both the unifying principles of soil response over large scale [150], and across different
land-use types [71]. For example, in highly densely populated areas of Asia it may be difficult to
give up chemical fertilizers without posing a risk to food security. Still sound techniques could be
employed to limit the use of harmful (and costly) pesticides, prevent soil erosion and protecting
biodiversity [36,73,151-154].

The benefits associated with the adoption of organic farming practices have been questioned by
many authors to different degrees; I refer to Gomiero et al. [30] for a review of the discussion.
Although yield in organic agriculture is generally lower (20% or more) than that from conventional
farming [30,155,156] (but there are long term studies which prove that the yield can be comparable
(e.g., [124]), still it is important to conduct more research in that direction in view of the foreseen
higher cost of agricultural inputs (along with the increasing cost of energy), and the need to preserve
the fertility of the soil. It has also to be pointed out that the assessment of agriculture cannot be limited
to yield or commodities production, or account only for farm investment and revenue [30,149]. Other
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key issues have to be accounted for, which are generally missed such as: water consumption, biodiversity
preservation, reduction in the use of agrochemicals, energy consumption and GHGs emission.

4. Conclusions

Intensive farming tends to exacerbate soil erosion and loss of soil organic matter, posing a threat to
the long term sustainability of agriculture, especially under extreme climatic events such as droughts.

Work is urgently needed to improve the overall efficiency of the agricultural and food system, in a
way that reduces the pressure exerted on the environment and on the soil. For that we have to
simultaneously deal with a number of different and complex problems of widely different nature:
environmental, social, economic, technical, cultural, educational, etc. We cannot think to save our soil
if we keep treating it as a factory, sticking to a “fuel in—food out” model. Soil is not a machine, it is a
living being of astonishing, and still largely unexplored, complexity. To seriously address the soil
issue, we should agree that it is necessary to rethink the structure and functioning of the whole food
system to start with. Social policies (e.g., education, women empowerment, microcredit, participative
extension and health programs) should be undertaken in order to improve the livelihood conditions of
those affected by poverty and high demographic growth.

Farming techniques able to effectively reduce soil erosion, while preserving and enhancing fertility,
have been developed and are adopted by farmers in many different regions. Reduced tillage and
organic farming, along with a shift to perennial crops are providing promising results and should be
further explored and researched, particularly concerning weeds and pest control. To date many studies
have proved organic farming to perform better than conventional in improving soil quality regarding to
both biophysical (e.g., SOM, stored nutrients) and biological (e.g., biodiversity) properties. Critics
may be right in pointing out some inherent limits of organic agriculture (e.g., lower yield). The
sustainability of the food system, however, has to be addressed from many different perspectives, in a
holistic way, and with a long term perspective in mind. Given the crucial role that food production
(and then agriculture) plays in our life, our major concern should be to secure that farming practice
guarantees the resilience of our food production system (“The ability of a system to maintain
productivity in spite of a major disturbance, such as caused by intensive stress or a large
perturbation” [157], p. 723). More work has to be done to acquire knowledge about the comparative
sustainability of different farming systems. Adaptive measures to cope with climate change should
treasure knowledge gained from organic and other alternative farming practices. Extensive
experimentation should be conducted to gain better understanding of the complex interaction among
farming practices, environmental characteristics and agroecosystem resilience.

Eventually we should be willing to reconsider our relation with the land and rethink the structure of
our food system in view of increasing its sustainability. That implies to work in parallel also on the
social, economic and political dimensions of our society. I wish to conclude with the words of Aldo
Leopold (p. 226 in [158]) “Perhaps the most serious obstacle impeding the evolution of a land ethic is
the fact that our educational and economic system is headed away from, rather than toward, an

intense consciousness of land”. It is time to go back to the foundation.



Agriculture 2013, 3 474

Acknowledgments

I wish to thank four anonymous reviewers for their valuable comments. I also wish to acknowledge
David Pimentel (Cornell University) for his invitation to contribute to this special issue and for his
comments on the first draft of the paper.

Conflicts of Interest
The author declares that there are no conflict of interest.
References

1. Smil, V. Feeding the World: A Challenge for the Twenty-First Century, The MIT Press:
Cambridge, MA, USA, 2000.

2. Tilman, D.; Cassman, K.G.; Matson, P.A.; Naylor, R.; Polasky, S. Agricultural sustainability and
intensive production practices. Nature 2002, 418, 671-677.

3. Pimentel, D.; Pimentel, M. Food, Energy, and Society, 3rd ed.; CRC Press: Boca Raton, FL,
USA, 2008.

4.  Hazell, H.; Wood, S. Drivers of change in global agriculture. Phil. Trans. B 2008, 363, 495-515.

5. Smil, V. Energy at the Crossroads; The MIT Press: Cambridge, MA, USA, 2003.

Tilman, D.; Fargione, J.; Wolff, B.; D’Antonio, C.; Dobson, A.; Howarth, R.; Schindler, D.;
Schlesinger, W.H.; Simberloff, D.; Swackhamer, D. Forecasting agriculturally driven global
environmental change. Science 2001, 292, 281-284.

7. Millenium Ecosystem Assessment. Ecosystems and Human Well-Being: Biodiversity Synthesis;
World Resources Institute: Washington, DC, USA, 2005. Available online: http://www.
millenniumassessment.org/documents/document.354.aspx.pdf (accessed on 20 July 2009).

8.  Water for Food, Water for Life. A Comprehensive Assessment of Water Management in
Agriculture; Molden, D., Ed.; Earthscan: London, UK, 2007. Available online: http:/www.iwmi.
cgiar.org/assessment/Publications/books.htm (accessed on 10 May 2013)

9.  Montgomery, D.R. Soil erosion and agricultural sustainability. Proc. Natl. Acad. Sci. USA 2007,
104, 13268-13272.

10. Quinton, J.N.; Govers, G.; van Oost, C.; Bardgett, R.D. The impact of agricultural soil erosion on
biogeochemical cycling. Nat. Geosci. 2010, 3, 311-314.

11. Pimentel, D.; Harvey, C.; Resosudarmo, P.; Sinclair, K.; Kurz, D.; McNair, M.; Crist, S.;
Sphpritz, L.; Fitton, L.; Saffouri, R.; et al. Environmental and economic costs of soil erosion and
conservation benefits. Science 1995, 267, 1117-1123.

12. Rasmussen, P.E.; Goulding, K.W.T.; Brown, J.R.; Grace, P.R.; Janzen, H.H.; Koérschens, M.
Long-term agroecosystem experiments: Assessing agricultural sustainability and global change.
Science 1998, 282, 893-896.

13.  Sullivan, P. Drought Resistant Soil; ATTRA, National Center for Appropriate Technology USDA:
Washington, DC, USA, 2002. Available online: http:/attra.ncat.org/attra-pub/PDF/drought.pdf
(accessed on 24 November 2009).



Agriculture 2013, 3 475

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

Lal, R. Soil carbon sequestration impact on global climate and food security. Science 2004, 304,
1623-1627.

Lal, R. Enhancing eco-efficiency in agro-ecosystems through soil carbon sequestration. Crop
Science 2010, 50, 120-131.

NRC (National Research Council). Toward Sustainable Agricultural Systems in the 21st Century;
National Academies Press: Washington, DC, USA, 2010. Available online: http://www.nap.edu/
catalog/12832.html (accessed on 3 March 2012).

Wood, R.; Lenzen, M.; Dey, C.; Lundie, S. A comparative study of some environmental impacts
of conventional and organic farming in Australia. Agric. Syst. 2006, 89, 324-348.

Reynolds, J.F.; Stafford Smith, D.M.; Lambin, E.F.; Turner, B.L., II; Mortimore, M.;
Batterbury, S.P.J.; Downing, T.E.; Dowlatabadi, H.; Ferndndez, R.J.; Herrick, J.E.; et al. Global
desertification: Building a science for dryland development. Science 2007, 316, 847-851.
Vitousek, P.M.; Naylor, R.; Crews, T.; David, M.B.; Drinkwater, L.E.; Holland, E.; Johnes, P.J.;
Katzenberger, J.; Martinelli, L.A.; Matson, P.A.; ef al. Nutrient imbalances in agricultural
development. Science 2009, 324, 1519—-1520.

Berhe, A.; Harte, J.; Harden, J.; Torn, M. The significance of the erosion-induced terrestrial
carbon sink. BioScience 2007, 57, 337-346.

Allison, F.E. Soil Organic Matter and Its Role in Crop Production; Elsevier: Amsterdam,
The Netherlands, 1973.

Altieri, M.A. Agroecology: The Science of Sustainable Agriculture; Westview Press: Boulder,
CO, USA, 1987.

Pimentel, D.; Kounang, N. Ecology of soil erosion in ecosystems. Ecosystems 1998, 1, 416—426.
Bot, A. The Importance of Soil Organic Matter: Key to Drought-Resistant Soil and Sustained
Food Production; FAO: Rome, Italy, 2005. Available online: http://www.fao.org/docrep/009/
a0100e/a0100e00.htm#Contents (accessed on 20 June 2009).

Russell, E.W. The role of organic matter in soil fertility. Phil. Trans. B 1977, 281, 209-219.
Barrows, H.L.; Kilmer, V.J. Plant nutrient losses from soils by water erosion. Adv. Agron. 1963,
15,303-315.

Liebert, B. The Environmental Heritage of Soviet Agriculture; CABI: Oxon, UK, 1995.

Lal, R. Evolution of the plow over 10,000 years and the rationale for no-till farming. Soil Tillage
Res. 2007, 93, 1-12.

Gomiero, T.; Pimentel, D.; Paoletti, M.G. Is there a need for a more sustainable agriculture? Crit.
Rev. Plant. Sci. 2011, 30, 6-23.

Gomiero, T.; Pimentel, D.; Paoletti, M.G. Environmental impact of different agricultural
management practices: Conventional vs. organic agriculture. Crit. Rev. Plant. Sci. 2011, 30,
95-124.

Carr, P.M.; Gramig, G.G.; Liebig, M.A. Impact of organic zero tillage systems on crops, weeds
and soil quality. Sustainability 2013, 5, 3172-3201.

Klaus, V.H.; Kleinebeckera, T.; Prati, D.; Gossner, M.M.; Alt, F.; Boch, S.; Gockel, S.;
Hemp, A.; Lange, M.; Miiller, J.; et al. Does organic grassland farming benefit plant and
arthropod diversity at the expense of yield and soil fertility? Agric. Ecosys. Env. 2013, 177,
1-9.



Agriculture 2013, 3 476

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

World Food Summit 1996. Declaration on World Food Security; FAO: Rome, Italy. Available
online: http://www.fao.org/docrep/003/w3613e/w3613e00.htm (accessed on 4 August 2013).
Wezel, A.; Soldat, V. A quantitative and qualitative historical analysis of the scientific discipline
of'agroecology. Int. J. Agric. Sust. 2009, 7, 3—18.

Wezel, A.; Bellon, S.; Doré, T.; Francis, C.; Vallod, D.; David, C. Agroecology as a science, a
movement and a practice. A review. Agron. Sustain. Dev. 2009, 29, 503-515.

Altieri, M.A. Agroecology: The science of natural resource management for poor farmers in
marginal environments. Agric. Ecosys. Environ. 2002, 93, 1-24.

Giampietro, M. Multi-Scale Integrated Analysis of Agroecosystems: A Complex System
Approach; CRC press: Boca Raton, FL, USA, 2003.

Gomiero, T.; Giampietro, M.; Mayumi, K. Facing complexity on agro-ecosystems: A new
approach to farming system analysis. Int. J. Agric. Res. Gov. Ecol. 2006, 5, 116—144.

Foley, J.A.; DeFries, R.; Asner, G.P.; Barford, C.; Bonan, G.; Carpenter, S.R.; Chapin, F.S.;
Coe, M.T.; Daily, G.C.; Gibbs, H.K.; et al. Global consequences of land use. Science 2005, 309,
570-574.

Giampietro, M. Socioeconomic pressure, demographic pressure, environmental loading, and
technological changes in agriculture. Agric. Ecosys. Environ. 1997, 65, 201-229.

Gomiero, T.; Giampietro, M.; Bukkens, S.M.; Paoletti, G.M. Biodiversity use and technical
performance of freshwater fish culture in different socio-economic context: China and Italy.
Agric. Ecosys. Environ. 1997, 62, 169—185.

Gomiero, T.; Giampietro, M. Multiple-scale integrated analysis of farming systems: The Thuong
Lo commune (Vietnamese uplands) case study. Pop. Environ. 2001, 22, 315-352.

FAO. Organic Agriculture, Environment and Food Security; Environment and Natural
Resources Service Sustainable Development Department, FAO: Rome, Italy, 2002. Available
online: http://www.fa0.org/DOCREP/005/Y4137E/y4137e00.htm#TopOfPage (accessed on 12
January 2009).

UN (United Nations). Population Newsletter. Number 83, 2007. Available online: http://www.
un.org/esa/population/publications/popnews/Newsltr 83.pdf (accessed on 2 July 2009).
Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050, The 2012 Revision,
ESA Working Paper No. 12-03; FAO: Rome, Italy, 2012. Available online: http://www.fao.org/
docrep/016/ap106e/ap106e.pdf (accessed on 24 June 2013).

Trostle, R. Global Agricultural Supply and Demand: Factors Contributing to the Recent
Increase in Food Commodity Prices; United States Department of Agriculture: Washington, DC,
USA, 2008. Available online: http://www.ers.usda.gov/PUBLICATIONS/WRS0801/WRS0801.
PDF (accessed on 20 May 2009).

UNEP (United Nations Environmental Programme). The Environmental Food Crisis the
Environment's Role in Averting Future Food Crises a UNEP Rapid Response Assessment; UNEP,
GRID-Arendal: Arendal, Norway, 2009. Available online: http://www.grida.no/publications/rr/
food-crisis/ (accessed on 12 May 2010).

FAO. The State of Food Insecurity in the Developing World; FAO: Rome, Italy, 2012. Available
online: http://www.fao.org/docrep/016/13027¢/13027e.pdf (accessed on 24 June 2010).



Agriculture 2013, 3 477

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

Vitousek, P.M.; Mooney, H.A.; Lubchenco, J.; Melillo, J.M. Human domination of earth’s
ecosystems. Science 1997, 277, 494—-499.

Haberl, H.; Krausmann, F.; Erb, K.H.; Schulz, N.B.; Rojstaczer, S.; Sterling, S.M.; Moore, N.
Human appropriation of net primary production. Science 2002, 14, 1968—1969.

Imhoff, M.L.; Bounoua, L.; Ricketts, T.; Loucks, C.; Harriss, R.; Lawrence, W.T. Global
patterns in human consumption of net primary production. Nature 2004, 429, 870-873.

FAO. The State of the World’s Land and Water Resources for Food and Agriculture (SOLAW)—
Managing Systems at Risk; FAO: Rome, Italy, 2011. Available online: http://www.fao.org/
docrep/017/11688e/11688e.pdf (accessed on 9 August 2013).

FAO. World Agriculture: Towards 2015/2030; FAO: Rome, Italy, 2003. Available online:
ftp://ftp.fao.org/docrep/fao/004/y3557e/y3557¢e.pdf (accessed on 20 January 2009).

Borlaug, N. Feeding a hungry world. Science 2007, 318, 359.

Godfray, H.C.J.; Crute, I.LR.; Haddad, L.; Lawrence, D.; Muir, J.F.; Nisbett, N.; Pretty, J.;
Robinson, S.; Toulmin, C.; Whiteley, R. The future of the global food system. Phil. Trans. R. Soc.
B 2010, 365, 2769-27717.

Giampietro, M.; Mayumi, K. The Biofuel Delusion: The Fallacy of Large Scale Agro-Biofuels
Production; Earthscan: London, UK, 2009.

Gomiero, T.; Paoletti, M.G.; Pimentel, D. Biofuels: Ethics and concern for the limits of human
appropriation of ecosystem services. J. Agric. Env. Ethics 2010, 23, 403—434.

MacKay, D.J.C. Sustainable Energy—Without the Hot Air, 2009. Avaliable on line:
http://www.withouthotair.com/download.html (accessed on 20 August 2009).

Giampietro, M.; Ulgiati, S.; Pimentel, D. Feasibility of large-scale biofuel production.
BioScience 1997, 47, 587-600.

Rockstrom, J.; Lannerstad, M.; Falkenmark, M. Assessing the water challenge of a new green
revolution in developing countries. Proc. Natl. Acad. Sci. USA 2007, 104, 6253—6260.

Smil, V. Water news: Bad, good and virtual. Am. Sci. 2008, 96, 339—407.

Krebs, J.R.; Wilson, J.D.; Bradbury, R.B.; Siriwardena, G.M. The second silent spring? Nature
1999, 400, 611-612.

Jarvis, D.I.; Hodgkin, T.; Sthapit, B.R.; Fadda, C.; Lopez-Noriega, I. An heuristic framework for
identifying multiple ways of supporting the conservation and use of traditional crop varieties
within the agricultural production system. Crit. Rev. Plant. Sci. 2011, 30, 125-176.

Zhu, Y.Y.; Chen, H.; Fan, J.; Wang, Y.; Li, Y.; Chen, J.; Fan, J.; Yang, S.; Hu, L.; Leung, H.; ef al.
Genetic diversity and disease control in rice. Nature 2000, 406, 718—722.

Green, R.E.; Cornell, S.J.; Scharlemann, J.P.W.; Balmford, A. Farming and the fate of wild
nature. Science 2005, 307, 550-555.

Sachs, J.D.; Baillie, J.E.M.; Sutherland, W.J.; Armsworth, P.R.; Ash, N.; Beddington, J.;
Blackburn, T.M.; Collen, B.; Gardiner, B.; Gaston, K.J.; ef al. Biodiversity conservation and the
Millennium Development Goals. Science 2009, 325, 1502—-1503.

Fowler, C.; Hodgkin, T. Plant genetic resources for food and agriculture: Assessing global
availability. Annu. Rev. Environ. Resour. 2005, 29, 143—-179.

Cassman, K.G.; Dobermann, A.; Walters, D.T. Agroecosystems, nitrogen-use efficiency, and
nitrogen management. Ambio 2002, 31, 132—140.



Agriculture 2013, 3 478

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

Erisman, J.W.; Sutton, M.A.; Galloway, J.; Klimont, Z.; Winiwarter, W. How a century of
ammonia synthesis changed the world. Nat. Geosci. 2008, 1, 636—639.

Robertson, G.P.; Vitousek, P.M. Nitrogen in agriculture: Balancing the cost of an essential
resource. Annu. Rev. Environ. Resour. 2009, 34, 97—125.

Birkhofer, K.; Schoning, 1.; Alt, F.; Herold, N.; Klarner, B.; Maraun, M.; Marhan, S.; Oelmann, Y.;
Wubet, T.; Yurkov, A.; et al. General relationships between abiotic soil properties and soil biota
across spatial scales and different Land-Use types. PLoS One 2012, 7, €43292.

Winston, M.K. Nature Wars: People vs. Pests; Harvard University Press: Cambridge, MA,
USA, 1997.

Altieri, M.A.; Nicholls, C.I. Biodiversity and Pest. Management in Agroecosystems, 2nd ed.;
CRC Press: Boca Raton, FL, USA, 2004.

The Pesticide Detox; Pretty, J., Ed.; Earthscan: London, UK, 2005.

Pimentel, D. Technique for Reducing Pesticides Use. Economic and Environmental Benefits;
John Wiley & Sons: New York, NY, USA, 1997.

Richter, E.D. Acute Human Pesticide Poisonings. In Encyclopedia of Pest. Management;
Pimentel, D., Ed.; Taylor & Francis: Boca Raton, FL, USA, 2002; pp. 3—6.

Colborn, T.; Dumanoski, D.; Meyers, J.P. Our Stolen Future: How We Are Threatening Our
Fertility, Intelligence and Survival. A Scientific Detective Story, Penguin Books: New York, NY,
USA, 1997.

Lyons, G. Effects of pollutants on the reproductive health of male vertebrate wildlife—Males under
threat. CHEM Trust (Chemicals, Health and Environment Monitoring), 2009. Available online:
http://www.chemtrust.org.uk/documents/Male%20Wildlife%20Under%20Threat%202008%20fu
11%20report.pdf (accessed on 10 May 2010).

Stuart, T. Waste: Uncovering the Global Food Scandal; Penguin Books: London, UK, 2009.
Cuéllar, A.D.; Webber, M.E. Wasted Food, Wasted Energy: The embedded energy in Food waste
in the United States. Environ. Sci. Technol. 2010, 44, 6464—6469.

FAO. Global Food Loses and Food Waste: Extent, Causes and Prevention. Study Conducted for
the International Congress SAVE FOOD! at Interpack, Diisseldorf, Germany 2011; FAO: Rome,
Italy, 2011. Available online: http://www.fao.org/docrep/014/mb060e/mb060e00.pdf (accessed
on 4 April 2013).

Pelletier, N.; Audsley, E.; Brodt, S.; Garnett, T.; Henriksson, P.; Kendall, A.; Kramer, K.J.;
Murphy, D.; Nemecek, T.; Troell, M. Energy intensity of agriculture and food systems. Annu.
Rev. Environ. Resour. 2011, 36, 223-246.

Smil, V. Eating meat: Evolution, patterns, and consequences. Pop. Dev. Review 2002, 28,
599-639.

Pimentel, D. Food for thought: A review of the role of energy in current and evolving agriculture.
Crit. Rev. Plant. Sci. 2011, 30, 35-44.

Pimentel, D.; Williamson, S.; Alexander, S.E.; Gonzalez-Pagan, O.; Kontak, C.; Mulkey, S.E.
Reducing Energy Inputs in the US Food System. Hum. Ecol. 2008, 36, 459—471.

USDA (United State Development Agency). Food, Agriculture, Conservation, and Trade Act of
1990 (FACTA), Public Law 101-624, Title XVI, Subtitle A, Section 1603; Government Printing
Office: Washington, DC, USA, 1990.



Agriculture 2013, 3 479

87.

88.

9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Jackson, W. Natural systems agriculture: A truly radical alternative. Agric. Ecosys. Environ.
2002, 88, 111-117.

Soule, J.; Piper, J. Farming in Nature's Image: An Ecological Approach to Agriculture; Island
Press: Washington, DC, USA, 1991.

Odum, E.P. Ecology and Our Endangered Life-Support. Systems; Sinauer Publishers: Sunderland,
MA, USA, 1993.

Sustainable Agricultural Systems; Edwards, C.A., Lal, R., Madden, P., Miller, R.H., House, G.,
Eds.; Soil and Water Conservation Society: Ankeny, LA, USA, 1990.

Pretty, J. Agri.-Culture: Reconnecting People, Land and Nature; Earthscan: London, UK, 2002.
Pretty, J. Agricultural sustainability: Concepts, principles and evidence. Phil. Trans. B 2008, 363,
447-465.

Pretty, J.N.; Noble, A.D.; Bossio, D.; Dixon, J.; Hine, R.E.; Penning derVires, F.V.T ;
Morrison, J.I.LL. Resource-conserving agriculture increases yields in developing countries.
Environ. Sci. Technol. 2006, 40, 1114-1119.

Francis, C.; Lieblein, G.; Gliessman, S.; Breland, T.A.; Creamer, N.; Harwood, R.; Salomonsson, L.;
Helenius, J.; Rickerl, D.; Salvador, R.; ef al. Agroecology: The ecology of food systems. J. Sust.
Agric. 2003, 22, 99-118.

Francis, C.A.; Porter, P. Ecology in sustainable agriculture practices and systems. Crit. Rev. Plant.
Sci. 2011, 30, 64-73.

Gliessman, S.R. Agroecology: Ecological Processes in Sustainable Agriculture, 2nd ed.; Lewis
Publisher: Boca Raton, FL, USA, 2007.

IPCC (Intergovernmental Panel on Climate Change). Climate Change 2007: The Physical Science
Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change; Cambridge University Press: Cambridge, UK, 2007. Available online:
http://www.ipcc.ch/ (accessed on 20 May 2010).

U.S. EPA. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2008; United States
Environmental Protection Agency: Washington, DC, USA, 2010. Available online: http://epa.gov/
climatechange/emissions/downloads10/US-GHG-Inventory-2010 ExecutiveSummary.pdf
(accessed on 14 May 2010).

Drinkwater, L.E.; Wagoner, P.; Sarrantonio, M. Legume-based cropping systems have reduced
carbon and nitrogen losses. Nature 1998, 396, 262-265.

Schlesinger, W.H. Carbon and agriculture: Carbon sequestration in soils. Science 1999,
284, 2095.

Grandy, S.A.; Robertson, G.P. Land-use intensity effects on soil. Ecosystems 2007, 10, 58—73.
Smith, P.; Martino, D.; Cai, Z.; Gwary, D.; Janzen, H.; Kumar, P.; McCarl, B.; Ogle, S.;
O’Mara, F.; Rice, C.; et al. Greenhouse gas mitigation in agriculture. Phil. Trans. R. Soc. B 2008,
363, 789-813.

Cox, T.S.; Glover, J.D.; van Tassel, D.L.; Cox, C.M.; Dehaan, L.R. Prospects for developing
perennial grain crops. Bioscience 2005, 59, 649—659.

Glover, J.D.; Reganold, J.P.; Bell, L.W.; Borevitz, J.; Brummer, E.C.; Buckler, E.S.; Cox, C.M.;
Cox, T.S.; Crews, T.E.; Culman, S.W.; et al. Increased food and ecosystem security via perennial
grains. Science 2010, 328, 1638—1639.



Agriculture 2013, 3 480

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.
118.

119.

120.

121.

122.

Codex Alimentarius. Guidelines for the Production, Processing, Labelling and Marketing of
Organically Produced Foods (GL 32-1999, Rev. 1-2001), 2004. Available online:
http://www.codexalimentarius.net/web/standard list.do?lang=en (accessed on 24 November 2007).
Courville, S. Organic Standards and Certification. In Organic Agriculture. A global Perspective;
Kristiansen, P., Taji, A., Reganold, J., Eds.; CSIRO Publishing: Collingwood, Australia, 2006;
pp- 201-220.

EC (European Commission). Council Regulation (EC) No 834/2007, of 28 June 2007 on organic
production and labelling of organic products and repealing Regulation (EEC) No 2092, 2007.
Available online: http://eurlex.europa.eu/LexUriServ/site/en/0j/2007/1_189/1 18920070720en000
10023.pdf (accessed on 25 November 2009).

USDA (United States Department of Agriculture). Agricultural Statistics; U.S. Department of
Agriculture: Washington, DC, USA, 2007.

IFOAM (International Movement of Organic Agriculture Movements). The World of Organic
Agriculture—Statistics and Emerging Trends 2008; International Federation of Organic
Agriculture Movements—IFOAM: Bonn, Germany, 2008.

IFOAM (International Movement of Organic Agriculture Movements). Definition of Organic
Agriculture; IFOAM: Bon, Germany, 2010. Available online: http://www.ifoam.org/growing
organic/definitions/doa/index.html, and http://www.ifoam.org (accessed on 10 March 2010).
Conford, P. The Origins of the Organic Movement; Floris Books: Glasgow, UK, 2001.

Lotter, D.W. Organic agriculture. J. Sust. Agric. 2003, 21, 59—-128.

Heckman, J. A history of organic farming: Transitions from Sir Albert Howard’s war in the soil
to USDA National Organic Program. Renew. Agr. Food Syst. 2006, 21, 143—150.

Organic Farming: An International History, 2nd ed.; Lockeretz, W., Ed.; CABI: Wallingford,
UK, 2007.

Organic Agriculture. A Global Perspective; Kristiansen, P., Taji, A., Reganold, J., Eds.; CSIRO
Publishing: Collingwood, Australia, 2006.

Reganold, J.; Elliott, L.; Unger, Y. Long-term effects of organic and conventional farming on
soil erosion. Nature 1987, 330, 370-372.

Lampkin, N. Organic Farming; Old Pond Publishing: Suffolk, UK, 2002.

Clark, M.S.; Horwath, W.R.; Shennan, C.; Scow, K.M. Changes in soil chemical properties
resulting from organic and low-input farming practices. Agron. J. 1998, 90, 662—671.

Siegrist, S.; Staub, D.; Pfiffner, L.; Méader, P. Does organic agriculture reduce soil erodibility?
The results of a long-term field study on loess in Switzerland. Agric. Ecosyst. Environ. 1998, 69,
253-264.

Stockdale, E.A.; Lampkin, N.H.; Hovi, M.; Keatinge, R.; Lennartsson, E.K.M.;
Macdonald, D.W.; Padel, S.; Tattersall, F.H.; Wolfe, M.S.; Watson, C.A. Agronomic and
environmental implications for organic farming systems. Adv. Agron 2001, 70, 261-327.

Maider, P.; Fliefbach, A.; Dubois, D.; Gunst, L.; Fried, P.; Niggli, U. Soil fertility and
biodiversity in organic farming. Science 2002, 296, 1694-1697.

Lotter, D.W.; Seidel, R.; Liebhart, W. The performance of organic and conventional cropping
systems in an extreme climate year. Am. J. Altern. Agr. 2003, 18, 146—154.



Agriculture 2013, 3 481

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Bengtsson, J.; Ahnstrom, J.; Weibull, A.C. The effects of organic agriculture on biodiversity and
abundance: A meta-analysis. J. Appl. Ecol. 2005, 42, 261-269.

Pimentel, D.; Hepperly, P.; Hanson, J.; Douds, D.; Seidel, R. Environmental, energetic, and
economic comparisons of organic and conventional farming systems. Bioscience 2005, 55,
573-582.

Birkhofer, K.; Bezemer, T.M.; Bloem, J.; Bonkowski, M.; Christensen, S.; Dubois, D.;
Ekelund, F.; FlieBbach, A.; Gunst, L.; Hedlund, K.; et al. Long-term organic farming fosters
below and aboveground biota: Implications for soil quality, biological control and productivity.
Soil Biol. Biochem. 2008, 40, 2297-2308.

Briar, S.S.; Grewal, P.S.; Somasekhar, N.; Stinner, D.; Miller, S.A. Soil nematode community,
organic matter, microbial biomass and nitrogen dynamics in field plots transitioning from
conventional to organic management. Appl. Soil. Ecol. 2007, 37, 256-266.

FlieBbach, A.; Oberholzer, H.R.; Gunst, L.; Méader, P. Soil organic matter and biological soil
quality indicators after 21 years of organic and conventional farming. Agric. Ecosyst. Environ.
2007, 118, 273-284.

L, B.; Tu, C.; Hu, S.; Gumpertz, M.; Ristaino, J.B. Effect of organic, sustainable, and
conventional management strategies in grower fields on soil physical, chemical, and biological
factors and the incidence of Southern blight. Appl. Soil Ecol. 2007, 37, 202-214.

Teasdale, J.R.; Coffman, C.B.; Mangum, R.W. Potential long-term benefits of no-tillage and
organic cropping systems for grain production and soil improvement. Agron. J. 2007, 99,
1297-1305.

Gattinger, A.; Muller, A.; Haeni, M.; Skinner, C.; Fliessbach, A.; Buchmann, N.; Méder, P.;
Stolze, M.; Smith, P.; El-Hage Scialabbad, N.; et al. Enhanced top soil carbon stocks under
organic farming. Proc. Natl. Acad. Sci. USA 2012, 109, 18226—18231.

Chivenge, P.; Vanlauwe, B.; Six, J. Does the combined application of organic and mineralnutrient
sources influence maize productivity? A meta-analysis. Plant Soil 2011, 342, 1-30.

Kramer, S.B.; Reganold, J.P.; Glover, J.D.; Bohannan, B.J.M.; Mooney, H.A. Reduced nitrate
leaching and enhanced denitrifier activity and efficiency in organically fertilized soils. Proc. Natl.
Acad. Sci. USA 2006, 103, 4522-4527.

Kiistermann, B.; Christen, O.; Hiilsbergen, K.J. Modelling nitrogen cycles of farming systems as
basis of site- and farm-specific nitrogen management. Agric. Ecosys. Environ. 2010, 135,
70-80.

Sieling, K.; Kage, H. N balance as an indicator of N leaching in an oilseed rape-winter wheat
winter barley rotation. Agric. Ecosys. Environ. 2006, 115, 261-269.

Kirchmann, H.; Bergstrom, L.; Kaétterer, T.; Mattsson, L.; Gesslein, S. Comparison of long-term
organic and conventional crop—livestock systems on a previously nutrient-depleted soil in
Sweden. Agron. J. 2007, 99, 960-972.

Wu, J.Y.; Sardo, V. Sustainable versus Organic Agriculture. In Sociology, Organic Farming,
Climate Change and Soil Science; Lichtfouse, E., Ed.; Springler: Dordrecht, Germany, 2010;
pp. 41-76.

Stanhill, G. The comparative productivity of organic agriculture. Agric. Ecosyst. Environ. 1990,
30, 1-26.



Agriculture 2013, 3 482

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Smolik, J.D.; Dobbs, T.L.; Rickerl, D.H. The relative sustainability of alternative, conventional
and reduced-till farming system. Am. J. Altern. Agr. 1995, 10, 25-35.

Teasdale, J.R.; Rosecrance, R.C.; Coffman, C.B.; Starr, J.L.; Paltineanu, 1.C.; Lu, Y.C;
Watkins, B.K. Performance of reduced-tillage cropping systems for sustainable grain production
in Maryland. Am. J. Altern. Agr. 2000, 15, 79-87.

Fuller, R.J.; Norton, L.R.; Feber, R.E.; Johnson, P.J.; Chamberlain, D.E.; Joys, A.C.; Mathews, F.;
Stuart, R.C.; Townsend, M.C.; Manley, W.J.; et al. Benefits of organic farming to biodiversity
vary among taxa. Biol. Lett. 2005, 1, 431-434.

Hole, D.G.; Perkins, A.J.; Wilson, J.D.; Alexander, I.H.; Grice, P.V.; Evans, A.D. Does organic
farming benefit biodiversity? Biol. Conserv. 2005, 122,113-130.

Phelan, P.L.; Mason, J.F.; Stinner, B.R. Soil-fertility management and host preference by
European corn borer, Ostrinia. nubilalis (Hiibner), on Zea. mays L.: A comparison of organic and
conventional chemical farming. Agric. Ecosys. Environ. 1995, 56, 1-8.

Phelan, P.L.; Norris, K.H.; Mason, J.F. Soil-management history and host preference by Ostrinia
nuhilalis: Evidence for plant mineral balance mediating insect-plant interactions. Environ.
Entomol. 1996, 25, 1329—-1336.

Alyokhin, A.; Porter, G.; Groden, E.; Drummond, F. Colorado potato beetle response to soil
amendments: A case in support of the mineral balance hypothesis? Agric. Ecosys. Environ. 20085,
109, 234-244.

Hsu, Y.T.; Shen, T.C.; Hwang, S.Y. Soil fertility management and pest responses: A comparison
of organic and synthetic fertilization. J. Econ. Entomol. 2009, 102, 160—169.

Staley, J.T.; Stewart-Jones, A.; Pope, T.W.; Wright, D.J.; Leather, R.S.; Hadley, P.; Rossiter, J.T.;
van Emden, H.F.; Poppy, G.M. Varying responses of insect herbivores to altered plant chemistry
under organic and conventional treatments. Proc. R. Soc. B 2010, 277, 779-786.

Butler, J.; Garratt, M.P.D.; Leather, S.R. Fertilisers and insect herbivores: A meta-analysis. Ann.
Appl. Biol. 2012, 161, 223-233.

Garratt, M.P.D.; Wright, D.J.; Lather, S.R. The effects of farming system and fertilisers on pests
and natural enemies: A synthesis of current research. Agric. Ecosyst. Environ. 2011, 141,
261-270.

Reganold, J.P. The fruits of organic farming. Nature, 2012, 485, 176.

Fierer, N.; Grandy, A.S.; Six, J.K.; Paul, E.A. Searching for unifying principles in soil ecology.
Soil Biol. Biochem. 2009, 41, 2249-2256.

Young, A. Land Resources: Now and for the Future; Cambridge University Press: Cambridge,
UK, 1998.

Perfecto, I.; Vandermeer, J.; Wright, A. Nature’s Matrix. Linking Agriculture, Conservation and
Food Sovereignty; Earthscan: London, UK, 2009.

Vandermeer, J.; Perfecto, I.; Philpott, S. Ecological complexity and pest control in organic coffee
production: Uncovering an autonomous ecosystem service. BioScience 2010, 60, 527-537.
Tscharntke, T.; Clough, Y.; Wanger, T.C.; Jackson, L.; Motzke, I.; Perfecto, I.; Vandermeer, J.;
Whitbread, A. Global food security, biodiversity conservation and the future of agricultural
mtensification. Biol. Conserv. 2012, 151, 53-59.



Agriculture 2013, 3 483

155. De Ponti, T.; Rijk, B.; van Ittersum, M.K. The crop yield gap between organic and conventional
agriculture. Agric. Syst. 2012, 108, 1-9.

156. Seufert, V.; Ramankutty, N.; Foley, J.A. Comparing the yields of organic and conventional
agriculture. Nature 2012, 485, 229-232.

157. Beets, W.C. Raising and Sustaining Productivity of Smallholder Farming System in the Tropics;
AgBe Publishing: Alkmaar, The Netherlands, 1990.

158. Leopold, A. 4 Sand County Almanac; Oxford University Press: New York, NY, USA, 1949.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



