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Abstract: The article reviews the most recent research surrounding the potential role of organic
agriculture in providing food for the planet. It challenges the claims of organic agriculture’s
environmental superiority compared to well-managed, conventional agriculture. The relative
advantages of these contrasting approaches to farming in areas such as aggregate land requirements,
biodiversity/habitat loss, water quality, land degradation and climate change are considered.
Legitimate concerns about conventional agriculture’s adverse environmental and health impacts
need to be addressed and many harmful practices transformed. Nonetheless, careful, sustainably-run,
conventional operations can avoid many of the pitfalls and hazards which are often associated
with high-input agriculture. The higher yields provided by conventional agriculture offer a more
sustainable strategy than a chemical-free agricultural system at the global level for meeting the needs
of burgeoning populations and reducing agriculture’s aggregate environmental impact.
Keywords: organic agriculture; conventional agriculture; sustainability; comparison

1. Introduction
The task of providing food for the 11 billion people who are expected to inhabit the planet
by the end of the century constitutes one of the most fundamental challenges facing humanity [1].
Conventional agriculture (non-organically certified), as it is often called—where farmers typically
utilize synthetic, chemical inputs—provides 98.9% of the world’s food at present [2]. However, it is
well to remember that what is considered “conventional” today is relatively new in the course of
human history. Only a little more than a hundred years have transpired since Fritz Haber developed
a process for mixing nitrogen and hydrogen to produce ammonia that could be converted into synthetic
fertilizer [3]. Up until World War II, pesticide usage was minimal with chemicals such as DDT only
becoming available commercially in 1945 [4].
For most of human history, family farms using organic practices was the norm. Of course, there
were far fewer people to feed. Notwithstanding, periodically, even in Europe, famine and massive
mortality due to hunger were commonplace [5]. Today, smallholders (who work 20 hectares of land
or less) still make up 85% of the world’s farmers [6]. Although most lack certification, many could
be categorized as essentially organic, low-input operations. Yields in these farms are low relative to
more intensive agriculture [7]. While significant progress has been made in improving food security,
one in nine people living on the planet is still defined by the United Nations Food and Agriculture
Organization (FAO) as “hungry” [8]. It is estimated that “undernutrition” causes over three million
deaths among children annually or 45% of all child deaths [9]. Most of the people who face food
shortages live in local communities that rely on small, low-input operations. This phenomenon will
only become more pronounced as Africa grows by three billion people [10].
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Demand for organic products is increasing around the world, particularly in Western developed
countries. Currently, Australia has the highest percentage of certified organically farmed land
of any country, with some 23 million hectares under cultivation. India has the greatest absolute
number of recognized organic farmers. From a global perspective, organic agriculture enjoys its
greatest popularity in Europe. As of 2017, 26% of the world’s organic croplands are concentrated
in Europe—higher than any other continent [2]. European incentives for organic practices are the
most generous legislated today [11]. The rising demand for organic products in Europe means that its
standards for organic certification and its veneration of organic produce have influence far beyond its
borders [12].
Proponents of organic agriculture frequently point out the many drawbacks of conventional, industrial,
agricultural practices. They claim a range of benefits which organic agriculture purportedly provide:

•
•

•
•
•
•

Organic agriculture eliminates chronic [13] and acute [14] exposures to toxic pesticides among farm
workers [15], consumers [16] as well as surrounding aquatic [17] and terrestrial ecosystems [18].
Organic produce has higher nutritional value [19] with greater vitamin [20] and mineral
content [21]. It is also argued that organic produce tastes better due to its higher sugar content,
and keeps longer due to its high metabolic integrity and superior cellular structure [22].
Organic farming fosters healthy soil [23] and soil microbiota [24] facilitating the availability of
nutrients to plants [25].
Organic agriculture avoids genetic mutations and development of immunity among insects,
reducing the pest outbreaks that pesticide use can unintentionally foster [26].
By eliminating the expense of many inputs—including insecticides, herbicides and synthetic
fertilizer—organic agriculture costs less and is economically competitive [27].
By relying on inputs that exist in nature, organic agriculture offers a more harmonious
orientation towards the natural world and, as such, constitutes a preferable ethical strategy
for humankind [28].

Empirical evidence supports some of these claims. For instance, of 15 meta-analyses found in the
scientific literature, 12 concluded that there was evidence that organic food was more nutritious and
contained more antioxidants, vitamin C and omega-3 fatty acids than conventional produce [29].
However, organic agricultural “true believers” also tend to exaggerate the benefits of chemical
free agriculture, creating a caricaturized version of conventional agriculture and its deleterious
environmental consequences. It should be noted that there are several comprehensive evaluations
in reputable publications (albeit some are disputed [30]) that fail to confirm the averred nutritional
advantages of organic produce [31]. In short, the jury is still out.
Advocates also often conveniently overlook research indicating the many instances where
conventional agricultural systems actually show better environmental outcomes than organic
alternatives. Frequently, factors associated with the total food system enterprise (e.g., distance of crop
delivery or methods of plowing) will dominate the relative sustainability of a given farm operation,
regardless of its utilization of chemicals and inputs. Most importantly, notwithstanding the actual
magnitude of potential risks from conventional agriculture, its higher yields relative to organic
agriculture cannot be dismissed, especially in a planet where expanding population levels make food
security a paramount concern for humanity. The question that policy makers at the macro-level need
to answer is: “Given present technologies and anticipated demand for food, should organic agriculture
be scaled up as the normative approach to farming at the global level?” This article considers the
question based on criteria associated with global environmental sustainability, and unequivocally
concludes that the answer is “no”.
To reach this conclusion, this article reviews the most recent research surrounding this
critical debate, questioning the claims of organic agriculture’s absolute environmental superiority.
The relative advantages of the different approaches in areas such as aggregate land requirements,
biodiversity/habitat loss, water quality, land degradation and climate change are considered. Broader
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aspects of sustainability, involving the economic and social issues that affect food security, are of
course also important and cannot be separated from deliberations about an optimal global strategy
for feeding the planet. Clearly, not only the total volume of production matters with regards to
a population’s ability to feed itself, but also the accompanying distribution systems along with
public policies regarding distributive justice and equal access to food across societies and nations.
Many commentators have made the point that, in theory, enough food is already grown on the planet
to adequately feed more people than presently live on earth [32,33]. The problem can surely be framed
as one of distribution and distributive justice. However, these broader socio-economic issues involve
complex political dynamics and lie beyond the scope of the present article.
Legitimate concerns about conventional agriculture’s adverse environmental and health impacts
need to be addressed and many harmful practices transformed. Yet, careful, sustainably-run,
conventional operations can avoid much of the environment abuse which is often associated with
high-input agriculture. Data suggest that there are circumstances where responsibly run conventional
agricultural operations may actually cause less environmental damage than large scale, organic farming
operations. Rather than clinging to a given ideology, sustainable practices that improve environmental
performance should be integrated into both existing organic and conventional farm operations.
Effective, sophisticated management will allow more food to be grown on less land with only modest
off-site impacts, something which is not only economically sensible, but ecologically critical.
2. The Land Requirements of a Global Transition to Organic Agriculture
An evaluation of the conventional/organic agriculture dilemma at the global level needs to begin
with the implications for food security. Although many different assessments have been made [34],
the most recent estimates calculate that, altogether, some 38% of earth’s terrestrial surface is occupied
by agriculture: roughly 12% of ice-free land is used to raise crops for human consumption while
pastures cover another 26% [35]. When one considers the large areas of the earth’s surface covered by
deserts or inhospitable mountain regions, the proportion of lands with actual agricultural potential
that are utilized for farming is actually far higher. Each year, there is increasingly less land available
for non-agricultural usage, not to mention the other forms of life with whom humans share the planet.
The scientific literature consistently reports significantly higher yields among conventional
agricultural farms than in organic operations. One of the most comprehensive reviews ever
conducted, published in the prestigious journal Nature, found that, while yield differences can be
contextual, organic agriculture has “34% lower yields when the conventional and organic systems
are most comparable” [36]. In November, 2017, a different European research team published
the latest meta-analysis contrasting the productivity of conventional versus organic agriculture in
Nature Communications. They reached similar conclusions [37]. Clearly, the economic conditions of
the farming community, the climate and soil types, the kinds of crops grown, etc. create site-specific
contexts which affect agricultural performances. When aggregated, however, data about crop yields
consistently show that harvests for organic agriculture are smaller.
Using standard demographic projections, it can be assumed that global agricultural output will
need to increase by at least 50% to feed nine billion people in 2050 [38]. The most recent estimates
suggest that, given present consumption patterns, the transition to a fully organic system would
require 30% more land usage than conventional agriculture [37]. This shift would deliver meaningful
reductions in N surplus and pesticide use. To attain such benefits, the study considered alternative
scenarios, modeling the implications for land use if consumer demand and consumption patterns
could be altered. The results indicate that, if an organic agricultural transition was accompanied by
a 50% drop in food wastage and consumption of agricultural products, additional land would not
be required. Clearly, public policy needs to do more to find ways to reduce the extraordinary levels
of food which are produced but never consumed. Nonetheless, it is not clear whether this can be
achieved any time in the foreseeable future, creating the conditions necessary to make organic systems
sufficient at a global level.
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These findings highlight an important dynamic which appears repeatedly in organic/conventional
comparative studies. In terms of improving overall environmental sustainability, there are factors
more important than whether chemical inputs are utilized by farmers. The potential role of transforming
consumption patterns—in particular transforming meat-intensive diets—as part of a global food
security strategy, is well-recognized. In other words, reducing chemicals is important—but reducing
meat consumption and its detrimental environmental impacts is more important. This is not to suggest
that slashing chemical impacts in many cases will not produce environmental and health benefits.
Often it will. However, there are other priorities for global sustainability. For instance, Garnett (2014)
identified three distinct approaches for attaining greater global food security [39]. The first involves
increasing the efficiency by producers and decreasing the impact of present conventional agriculture
through technological innovation. Another strategy would transform the food delivery system by
changing the relationships among actors (producers and consumers) in the food system. Here,
the problem is framed in terms of inequality or imbalances. The most intuitively appealing for
many might be the third approach: “demand restraint”, where consumers curb consumption of high
impact foods. This involves policies that reduce the prodigious carbon footprint, water footprint and
land requirements created to meet the demand for beef and other meat-based diets [40].
The trouble with such hopeful scenarios is that they fly in the face of what is actually happening
on the ground around the world. To begin with, the number of people living on planet earth who will
need to be fed by the end of the century, in the “medium variant” projected by the United Nations,
is now considered to be 11 billion. The high variant scenario reaches an astonishing 16 billion [41].
Meanwhile, the amount of arable land lost to land degradation and desertification is on the rise.
The Millennium Ecosystem Assessment commissioned by the United Nations brought together
1360 experts from 95 countries, evaluating the condition of the earth and the ecosystems services which
support life. The 2005 report characterized desertification as the global environmental scourge affecting
the largest number of people on the planet [42]. In many countries, the scope and the severity of
land degradation have only gotten worse over the past decades. A 2017 study by the United Nations
confirmed that: “Over 1.3 billion people are trapped on degrading agricultural land: farmers on marginal land,
especially in the drylands, have limited options for alternative livelihoods and are often excluded from wider
infrastructure and economic development.” [1]. At the same time, burgeoning populations are steadily
usurping the planet’s most fertile lands. One projection calculates that between 2000 and 2030, as much
as 3.3 million hectares of prime agricultural land per year will be lost to the proliferation of urban
sprawl [43].
Most of the projections and scenarios for addressing such challenges in the face of global
population growth, the relentless spread of urban development and desertification trends all rely
on a high level of global governance and cooperation [44]. Unfortunately, this level of international
commitment has been elusive in addressing other, complex global challenges [45]. For example,
ever since the paradigm of carbon wedges was introduced as a tangible path forward for greenhouse
gas emission reductions, the possibility of effective climate change mitigation has been available [46].
However, notwithstanding many impressive national efforts—worldwide—emissions continue to
rise [47]. Where carbon footprints have been reduced, it has not been lifestyle changes so much as
technological innovation (accessibility to natural gas, reduced solar and wind energy costs, and green
building) that led to progress [48].
It would seem that agriculture is no different. Like many hypothetical visions of a sustainable
future, the notion that changing food consumption patterns would allow organic agriculture to feed
the world on lands comparable in size to those presently exploited for conventional agriculture,
is a utopian one. There is absolutely no empirical basis for such optimism. The UN Food and
Agricultural Organization reports that the world food economy is actually being driven by a shift in
diets towards increasing meat consumption. Of course, it would be well to have a far more significant
global educational effort to reduce meat, and especially beef, in diets around the world. But, it would
be a mistake to build agricultural policy around a presumption of such a campaign’s success when
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trends point in the opposite direction. For instance, recently, the FAO co-authored a report with the
OECD anticipating a 1% annual growth in meat products, and over a 2% annual increase in dairy
products over the coming decade [49].
Much of the anticipated growth in meat consumption can be attributed to rising per capita
consumption in developing countries, alongside the massive population increase occurring there.
There is nothing new to these trends. For some time, the demand for meat in the developing world has
been increasing by 5–6% annually, with dairy products also showing a 3.4–3.8% annual increase [50].
Perhaps the greatest contributor to this momentous trend is China, which already consumes more
meat than the rest of the OECD countries combined. These dietary inclinations are reflected in the
6% annual increase in animal feed consumed by China during the past decade. During this period,
annual consumption of pork increased in China alone by 11 million tons—some 59% of the total
global increase.
The trends in China are not anomalous. Even in developed countries, where campaigns exist to
reduce meat consumption, the FAO/OECD experts see no signs that demand for beef and veal will
drop over the coming years. Indeed, global annual consumption of beef increased by six million tons
over the past decade and is expected to increase by 1.2 percent a year during the coming decade [50].
It is hard to urge developing countries to reform their diets when their average per capita
consumption of meat is expected to remain but a third of that in developed nations, notwithstanding
a growing preference among affluent countries for poultry and fish over beef. In other words,
rather than meat consumption dropping by 50%, which would enable an organic transition to
be land-utilization neutral, animal production will probably be doubling. Barring technological
breakthroughs in in vitro meat cloning and other forms of meat substitutes [51], the rising demand
will likely be translated into a parallel increase in the amount of land required for grazing and feed as
seen in the Amazon Basin.
These changes will lead to an unprecedented loss of wildlife [52] and continued “Sixth Extinction”
dynamics [53]. The world desperately needs to stop the hemorrhaging of habitats that support wildlife
and forests. The notion of increasing the lands required for crop production by over 30% to accommodate an
organic revolution is unjustifiable ecologically and realistically, not implementable.
3. Biodiversity and the Organic/Conventional Divide
Increasing land cultivation globally to usher in a new organic age would also have an enormous,
destructive impact on biodiversity. This can be looked at from both the micro and the macro
perspectives. Undoubtedly, at the micro-level, agricultural systems that rely on poisons to ensure
crop yields have a far more negative effect on surrounding biodiversity than organic farms,
that completely avoid such chemicals. This is indeed borne out in numerous studies, such as the
one showing that German organic grasslands are home to a greater numbers of plant species than
comparable conventional fields [54]. Other studies report greater diversity and density of spiders [55],
earthworms [56] and nematodes [57]. More uncommon plant species are found in organic fields than
in conventional ones [58]. In research involving mammal [59,60] and avian species [61], findings
are consistent.
Yet, the picture that emerges is different at the macro-level. That is because of the critical role
habitat loss plays in the planet’s present biodiversity crisis [62]. While there are myriad causes behind
the world’s unimaginable loss of 52% of total wildlife between 1970 and 2010, chemicals are not
the primary driver behind this ecological devastation: Invasive species, pollution and most of all,
compromised or fragmented habitat are the predominant drivers [52].
This insight is at the heart of the “land sparing” position, which sees maximizing habitat protection
and sanctuaries as the paramount priority for conservation strategies [63]. Even advocates who favor
a strategy of “land sharing” [64] would be quick to agree that agricultural efficiency is a paramount
priority if any land at all is to remain for the other creatures in the new, 10-billion-person-planet-earth
reality. Integrated pest management, which reduces chemical usage dramatically, makes sense
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economically and ecologically, validating the position that pesticides should always be used as a last
result. In sensitive habitats (e.g., adjacent to aquatic ecosystems), spraying should generally be
proscribed. Nonetheless, because a global transition to organic agriculture would supplant such
prodigious amounts of habitat, it is hard to argue that such a transition would have a positive effect on
the planet’s disastrous biodiversity trends.
4. Water Quality and Off-Site Environmental Impacts
It is generally assumed that organic farms are more harmonious with the surrounding
environment than “conventional operations”. Many studies, however, reach the opposite conclusion.
Water quality constitutes such a case. For instance, a 2014 Israeli study measured water quality
across the entire unsaturated zone beneath newly established greenhouses, contrasting intensive
organic methods with the impacts of comparable conventional agriculture. Measurements of the
nitrate concentrations in the root zone beneath the organic greenhouse (greater than one meter) were
extremely high, averaging 357 mg/L with peak NO3 concentrations reaching 724 mg/L. This was
an order of magnitude higher than levels measured at similar depths below the greenhouses with
conventional farming. Those farms that used drip irrigation measured average nitrate concentrations
at only 37 mg/L.
In contrast, researchers established that the conventional farms were delivering fertilizer to the
root zones more efficiently, with high concentrations of 270 mg/L; these levels quickly dropped in
the deeper part of the vadose zone. At the same time, measurements in the root zones of organic
operations showed relative shortages of nitrate. The researchers concluded that downleaching of
nitrates below the organic farms was a direct result of nutrient release from the compost to the soil
during the early stages of the growing season. During this stage in the growth cycle, young organic
plants have low nutrient uptake making percolation of nitrates into the vadose zone and ground water
ineluctable [65].
Similar results can be found in livestock operations. When free range, organic, and conventional
broiler chicken systems were compared for off-site impacts on water resources, the organic chicken was
found to have a higher eutrophication potential. This was attributed to the nutrient leaching that took
place when raising organic crops and the differences in chicken feed contribution [66]. The point here is
not that conventional farmers are inherently more virtuous or invariably produce less nonpoint source
water pollution than their organic colleagues. Rather, it seems that good management ultimately
determines the nature of environmental impacts, far more than does the utilization or abstention of
chemicals in agricultural operations.
5. The Ambiguous Lessons Offered by Environmental Life Cycle Analysis
Any discussion of global sustainability today needs to seriously consider the implications of a
policy for mitigating climate change. In assessing the carbon footprint of organic versus conventional
agriculture, it is well to think systemically rather than intuitively. It turns out that the total carbon
footprint of agriculture has far more to do with a range of other factors than whether the produce
is grown organically or conventionally. Life Cycle Assessment (LCA) research, which assesses the
environmental impact of a product, process or activity from “cradle to grave” has been applied to
assess disparate environmental impact for a broad variety of crops [67]. Considerable attention has
also been paid to milk production [68].
A Swiss group of researchers reviewed 34 LCA studies that compared organic with conventional
agriculture. They found that much of the research suffered from a range of methodological flaws, from
small sample sizes to inadequate differentiation of specific farming system characteristics, with only
a limited number of impact categories assessed. In almost every case, while conventional agriculture
showed higher yields per hectare, organic products, generally had lower environmental impacts per area.
Nonetheless, several studies reported exceptions to this rule: from the negative impacts identified
during the life cycle of organic beans to the greater eutrophication and acidification caused by some
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organic beef, pig and poultry operations as well as tomatoes wheat and potatoes [69]. A recent, even
more comprehensive, analysis by Clark and Tilman essentially reaches the same conclusions [70].
LCA research also reveals that some popular wisdom about conventional agriculture’s “egregious”
environmental performance has little empirical support. Many generalizations about organic
agriculture’s superior environmental results do not hold up to rigorous evaluation A study comparing
29 organic (1.5% of total certified organic operations) with conventional farms in Australia found
that organic farms have higher direct energy use, energy related emissions, and greenhouse gas
emissions than conventional operations [71]. A range of pollution sources associated with food
production may be far more important than the effects of fertilizer and pesticide usage: these include
transportation of produce and market structures [72]. A common finding is that when yields are
balanced against environmental footprint, the total environmental impacts per unit of product are
similar [73]. Accordingly, in assessing greenhouse gas release, when the functional unit of analysis is
the production area, organic operations appear advantageous. However, if the analysis uses emissions
per kilocalorie of food grown or kilogram of agricultural product, conventional operations actually
show a smaller carbon footprint [74].
This same phenomenon often emerges in the many evaluations conducted that compare
organic with conventional dairy operations [75]. Organic milk production frequently comes out
ahead, especially when an “allocation factor” that considers the price differential is figured into the
equation [76]. Organic milk operations have also been shown to have higher on-farm acidification
potential and global warming potential per kilogram than conventional dairy farms. This implies
that higher ammonia, methane, and nitrous oxide emissions occur in organic farms per kilogram of
milk produced than for conventionally produced milk. In addition, results show lower land use per
kilogram of conventional milk in comparison to organic milk [77].
There are several explanations for this relatively, superior performance of non-organic dairies.
Cederberg and Mattson attribute the higher methane footprint of organically raised cattle to the fact
that the cows spend more time in the pasture. From an animal welfare perspective, this is surely
a highly desirable feature. However, it also means that the diet of organically-raised cattle is dominated
by roughage fodder, which produces more methane than conventional operations [78].
This mixed-environmental verdict about organic agriculture’s environmental virtues can
be found in a typical meta-analysis of environmental performance conducted on European
agricultural operations:
“Organic farms tend to have higher soil organic matter content and lower nutrient losses (nitrogen
leaching, nitrous oxide emissions and ammonia emissions) per unit of field area. However, ammonia
emissions, nitrogen leaching and nitrous oxide emissions per product unit were higher from organic
systems. Organic systems had lower energy requirements, but higher land use, eutrophication
potential and acidification potential per product unit. The variation within the results across different
studies was wide due to differences in the systems compared and research methods used.” [79]
In short, while there are unquestionable environmental advantages when food is grown
organically, many comparative studies do not support blanket assumptions of organic agriculture’s
off-site, environmental superiority [80]. Tradeoffs in environmental metrics and indicators, it seems
are unavoidable.
6. Agriculture’s Carbon Footprint and Contribution to Climate Change
As both conventional and organic farming appear to display different advantages for different
environmental criteria, the question becomes: What is a society’s environmental priority? In other words:
Can these studies offer meaningful insights for informing national and global policies? Many environmental
advocates prioritize climate change as the paramount environmental challenge facing the world
today [81], because of both its irreversibility and the vast numbers of peoples and ecosystems affected.
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That explains why it constitutes a specific environmental target included among the seventeen,
generally generic, sustainable development goals adopted by the United Nations for the planet [82].
LCA analysis indicates fairly clearly that significant reduction of agriculture’s “carbon footprint”
can be achieved by consuming seasonal fruits and vegetables and reducing transport of produce
via airplanes. This assumes that there is no heating with fossil fuels associated with fruit and
vegetable production, as found in vegetables production in some greenhouses [83]. For instance,
Meisterling (2009) found that organic wheat produces roughly 30 g less CO2 -eq per 0.67 kg wheat
flour (1 kg loaf of bread) than conventional wheat systems, assuming that the produce travels identical
distances. This is due to the carbon footprint associated with the synthetic nitrogen utilized during
cultivation. If, however, organic wheat is transported a greater distance than conventional wheat,
any carbon-associated advantage quickly disappears [84].
Most important of all, it is well to remember that beef production creates more greenhouse gas
emissions than all other food production combined [85,86]. The “big picture” of a global shift to
organic food production that emerges from even a cursory analysis is that any carbon inventory will
be dominated by the prodigious amounts of manure that will be required to restore nitrogen to the
soil—and the methane that the livestock that provides the manure will generate. The logic is fairly
simple: As the soil becomes depleted of nutrients, there are limitations on the replacement rates of
nitrogen fixing plants. For intensive agriculture, additional fertilization becomes critical, therefore,
for maintaining high yields over time.
Eschewing synthetic fertilizer is axiomatic to organic farming. While there is considerable
geographic variation in application rates subject to local conditions [87], by spreading manure on
a regular basis, soil fertility can indeed be maintained and boosted. Farmyard manure, or the
decomposed mixture of excrement with litter and residual fodder is deemed critical to most organic
agricultural operations. First, it is credited with supplying plant nutrients (and micronutrients),
improving the structure and water holding capacity of soils and even contributing to the control of
parasitic nematodes by alternating the balance of microorganisms in the soil [88].
The problem, however, is that generating the manure to ensure adequate nitrogen and phosphorus
in the fields and orchards to produce food for 10 billion people involves the unimaginable expansion
of the planet’s cow population. Norman Borlaug won the Nobel Peace Prize for his extraordinary
contribution to improving crop yields through improved crop varieties. He argued, that even if it
was possible to marshal sufficient organic material to preserve soil fertility through applying animal
manures, human wastes and plant residues to the soil, the nutrients would still not be enough to
feed more than four billion people on present cultivated lands. Cropland would have to be expanded
“dramatically”. (As he quipped: “[Organic approaches] can only feed four billion–I don’t see two
billion volunteers to disappear.” [89]). In 2007, Borlaug calculated that producing food organically
for 6.2 billion people would require increasing the planet’s cattle population almost tenfold, from the
1.5 billion cows living at the time to the 10 billion required to support an organic food system. Today,
there are already 1.4 billion more people to feed than when Bourlaug made his calculations. Given the
carbon footprint of cows, the additional methane emissions associated with organic manure-based
operations are almost unimaginable. Other studies [79,90] such as the 2016 evaluation by a team from
Washington State University published in Nature Plants conclude that reliance on manure exacerbate
problems of soil acidification and off-site eutrophication, with organic operations exhibiting higher
leaching and emissions per unit of production, relative to conventional fertilizer use [91].
7. Desertification and Land Degradation Under Different Agricultural Regimes
Climate change is not the only significant global ecological challenge for which organic agriculture
constitutes an imprudent policy preference. The United Nations Convention to Combat Desertification
was designed to facilitate improved land stewardship [92]. Estimates of degraded lands on the planet
vary widely, ranging from 1 to 6 billion hectares. One systematic assessment calculates that some 40%
of croplands are affected by soil erosion [93], with degradation found on roughly one-quarter of all
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lands on earth [94]. Several studies suggest that the scourge of desertification may be more successfully
addressed and soil conservation more effectively achieved with conventional farming.
In many circumstances, preventing erosion and restoring soil integrity can be done more
expeditiously with conventional agricultural methods than through organic practices. This appears to
be particularly true in the drylands. What matters most is reducing mechanical tillage and grazing
intensities to disturb topsoil as little as possible. In a series of recent experiments in semi-arid areas,
following harvest and prior to cultivation, there seemed to be no statistically significant difference in
soil loss between organic and conventional plots [95]. However, the research team also found that
fields that had been cultivated using organic methods were often more susceptible to wind erosion than
conventional plots, where no-till plowing or other practices left higher levels of vegetative cover [96].
In short, what ultimately matters for land stewardship is the extent of mechanical tillage rather
than the actual inputs—conventional or organic—utilized in a given agricultural operations [97].
This was among the conclusions reached in a major life cycle analysis of an Italian team that compared
organic and conventional olive growing [90]. Ensuring adequate vegetative cover has always been
a key to enhancing soil organic carbon [98]. In other words, erosion control is ultimately a function
of tillage methods and application of practices such as terracing or contour and no-till ploughing.
The effect of agricultural chemicals or organic methods appears to be inconsequential.
8. Making Conventional and Organic Agriculture More Sustainable
There is a tendency on both sides of the organic/conventional divide to caricaturize the other and
cherry pick extreme examples of environmentally problematic practices. The truth is that for some time,
sustainable alternatives have been available for conscientious, conventional farmers. For example,
synthetic fertilizer can cause massive nonpoint source water pollution when applied excessively
and inappropriately. However, drip irrigation systems that have been around for forty years offer
a far more efficient delivery mechanism—allowing well-run, conventional operations to generate
trivial nitrate contamination [99]. Indeed, reliance on composted manure for providing nutrients in
organic farm operations has actually been shown to cause greater groundwater pollution rates than
comparable “conventional” farms that utilize liquid fertilization techniques through drip irrigation in
comparable operations.
It would be erroneous to conclude that studies like these mean that in every situation, organic
chicken operations, for example, constitute a hazard to water resources or that utilization of
synthetic fertilizers will always produce less groundwater contamination than manure application
will. Nonetheless, it suggests that in areas where aquifers already suffer from elevated nitrate levels,
conventional irrigation using drip fertigation probably offers a more sustainable approach. As the
world considers how to feed the three billion more people who will soon be living on the planet,
strategic decisions about food production need to be pragmatic and evidence-based, rather than
ideological. A wholesale transition to organic agriculture does not appear to be the best way to
improve the environmental performance of global food systems. As Clark and Tilman concluded
in their assessment of 742 agricultural systems and over 90 unique foods: “Our analyses show that
dietary shifts towards low-impact foods and increases in agricultural input use efficiency would offer larger
environmental benefits than would switches from conventional agricultural systems to alternatives such as
organic agriculture or grass-fed beef.” [70] Criteria for agricultural policies need to include efficiency,
economics and the environment. Insights from both organic and sustainably managed conventional
agriculture are valuable.
This means that one size does not fit all: both geography and human capacity matter. Most LCA
research that provides the empirical foundations for organic advocates has been conducted in Europe.
Africa is different. Numerous studies have considered the considerable challenges facing farmers
in Sub-Saharan Africa [100–102]. A common denominator recommended for creating the quantum
leap in yields that is so necessary for future food security on the continent involves a shift towards
higher-input agriculture. New African agricultural initiatives have been particularly vulnerable to
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pest infestations, when careful, targeted use of appropriate chemicals could have averted the collapse.
This is reflected in the impressive results associated with new “farmer kits” which provide a full
package for African farmers that includes synthetic fertilizers, pesticides, appropriate seeds and
family-irrigation packages [103]. While there are fewer studies comparing organic and conventional
farms in Africa, there is little reason to believe that organic agriculture will outperform conventional
farms there. Indeed, due to the higher requirements for sophisticated knowledge among farmers,
agricultural aid assistance that supports organic farming may not even generate the level of yields
found in Europe and the U.S.
This dynamic is summed up by organic agriculture expert Don Lotter in a 2015 article entitled:
Facing food insecurity in Africa: Why, after 30 years of work in organic agriculture, I am promoting the use
of synthetic fertilizers and herbicides in small-scale staple crop production. Based on his work in semi-arid
regions of Tanzania, he reached the conclusion that organic crop production was not feasible for local
small-scale farmers there as it requires skill sets which they presently lack, along with considerably
more land to grow the same amount of calories. Maize is the dominant crop grown by the local,
Tanzanian small holders. That means that the ongoing nitrogen needs are considerable, requiring
conscientious soil fertility management.
Lotter argued that the most cost-effective and sustainable approach involves a combination
of “organic Green Revolution methods” including herbicide-mediated zero tillage conservation
agriculture, via backpack sprayers. His fieldwork not only reports substantially increased conventional
maize yields when using herbicide-mediated zero tillage systems, but also highly effective erosion
control as well as a five-fold increase in rainwater capture in soils. Lotter concluded that “the risks
of glyphosate use are substantially outweighed by the benefits of increased food security and crop system
sustainability.” [104] This is the kind of pragmatic perspective required in seeking optimal agricultural
strategies. Although the paradigm is not new, recently the strategy of sustainable intensification” [105]
has gained considerable traction, with the United Nations Food and Agriculture Organization
advocating it as a central policy theme [106]. The low level of yields in Africa for some time have
been associated with sub-optimal fertilizer levels found in small farm operations [107,108]. While
the United Nations Environmental Program cites certain potential benefits associated with the low
external inputs and reliance of local materials associated with organic agriculture, it also identifies the
level of knowledge required as a significant challenge [109].
There is a tendency to romanticize organic farms as small, socially responsible, family-run and
environmentally conscientious, operations. This may have characterized the early days of the organic
food movement. Surely there are many farmers who still embody this ideal of human food production
taking place in harmony with the earth. However, it is also well to remember that organic agriculture
has become a big business and as such, ironically utilizes many of the practices that organic farmers
of old found so pernicious. As of 2015, the organic market generated about 80 billion dollars in
crops [110]. Present trends suggest that the market will double during the coming five-years [29].
Organic food production today in many countries bears little resemblance to the stereotype image of
intimate, symbiotic interactions between a farmer and her beloved fields.
Some twenty years ago, a team from the University of California, Berkeley posited that the
explosive growth in the organic agricultural industry was both “the cause and the effect of a proliferation of
new entrants who are attempting to capture the lucrative niche markets that are lurking behind organic products
and the organic labels.” The researchers found that new organic farmers and their production systems
“increasingly mirror agribusiness practices” [111]. This process became known as “conventionalization”
and has since been identified in a range of countries across the planet. Accordingly, while there may still
be more small organic operations than the more sizable, corporate versions that emulate “agribusiness”
production models, the larger farms’ market share is becoming increasingly dominant.
Already, in 2001, in a New York Times article, best-selling author and noted food commentator
Michael Pollen described a phenomenon whereby small organic farm operations were being acquired
by large corporations: “The label assured me that most of these additives are organic, which they no doubt
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are, and yet they seem about as jarring to my conception of organic food as, say, a cigarette boat on Walden
Pond. But then, so too is the fact (mentioned nowhere on the label) that Cascadian Farm has recently become a
subsidiary of General Mills, the third biggest food conglomerate in North America.” [112]
One indication of this trend emerges from the most recent official data about certified organic
farms in the U.S. between 1994 and 2011: the number of certified organic operations increased
three-fold. During the same period, the amount of cropland expanded six-fold. Thus, we see that,
in Oregon, the majority of organic farm operations (60.5%) are small—fewer than 25 acres. However,
more than 20% farm more than 100 acres [113,114]. It is these larger farms that increasingly produce
a higher percentage of the country’s certified organic food. As described by McGee and Alvarez in
their 2016 article “Sustaining with Changing: The Metabolic Rift of Certified Organic Farming”, the resulting
performance does not deliver the environmental dividends expected of organic agricultural operations.
This is hardly a U.S. phenomenon. Signs of a “conventionalization process” were already reported
in Ontario by 2002 [115]. A recent EU study reflected the increased size of organic operations, reporting
that the average size of the labor force of fully organic farms farm was 1.5 annual work units while
non-organic farms were only 0.9. German studies confirmed the shift in its organic production [116].
More recently, the shift towards conventional practices in organic farms was identified in southern
Spain [117] as well as in Italy and Portugal where researchers identified an increase in the size and
a drop in the environmental conscientiousness of organic farming practices [118]. Similarly, the average
size of an organic farm holdings was 41 hectares, more than twice the average conventional farm in
Europe [119].
Evaluating organic farms in the Yunan Province, Chinese researchers described a situation where:
“nonagricultural capital injection in 2012 led the company ...... to adjust its business strategy with rapid
expansion, during which social values, such as energy recycling and community building, had been easily
bypassed and replaced with commercial interests” [120]. This process is not only driven by market forces.
Frequently, it is encouraged by government policies. For instance, the Chinese agricultural agencies
have begun to encourage an expansion in the size of organic farm operations [121].
In a competitive market, there are plenty of areas where organic agri-businesses adopt the same
industrialized methods that are at the core of the conventional agriculture critique. The public
often assumes that “organic” constitutes the only sustainable and healthy way to raise food.
That is because of public relations and marketing that often present organic products as the sole
“environmentally-friendly” alternative presented at supermarkets. However, it is entirely possible
to imagine other lines of produce, reflecting integrated pest management and optimal applications
of synthetic inputs, that produce better environmental results than a strictly organic regime. For the
many people on the planet who find the cost of paying for a healthy diet challenging, this constitutes
a preferable strategy. Organic agriculture constitutes an ideal of sorts. Every effort should be made
to minimize the utilization of agricultural chemicals and reduce their toxicity. Total elimination of
agricultural chemicals, however, should not be an objective function for international agricultural
policy to pursue.
Rachel Carson’s ideas from over fifty years ago still inform present impulses to make agriculture
sustainable. Her book Silent Spring lobbied for limits on pesticides—not their elimination. Carson never
called for an outright ban on DDT, suggesting simply that farmers: “Spray as little as you possibly
can” [122]. Surely, what is known today about the carbon footprint of the beef industry suggests
that this should constitute a higher priority for environmental advocates than expansion of organic
agricultural operations. Considering the challenging agricultural road ahead for meeting the needs of
growing populations, a responsible perspective should focus less on a chemical free world in which
we might want to live, and more about the real world of highly productive, low impact agriculture
and the creative research needed to attain it. For the present, it offers the most promising strategy for
feeding future generations.
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Barański, M.; Srednicka-Tober, D.; Volakakis, N.; Seal, C.; Sanderson, R.; Stewart, G.B.; Benbrook, C.;
Biavati, B.; Markellou, E.; Giotis, C.; et al. Higher antioxidant and lower cadmium concentrations and lower
incidence of pesticide residues in organically grown crops: A systematic literature review and meta-analyses.
Br. J. Nutr. 2014, 112, 794–811. [CrossRef] [PubMed]
Rembialkowska, E. Quality of Plant Products from Organic Agriculture. J. Sci. Food Agric. 2007, 87, 2757–2762.
[CrossRef]
Magkos, F.; Arvaniti, F.; Zampelas, A. Organic Food: Nutritious Food or Food for Thought? A Review of the
Evidence. Int. J. Food Sci. Nutr. 2003, 54, 357–371. [CrossRef] [PubMed]
Bourn, D.; Prescott, J. A Comparison of the Nutritional Value, Sensory Qualities, and Food Safety of
Organically and Conventionally Produced Foods. Crit. Rev. Food Sci. Nutr. 2002, 42, 1–34. [CrossRef]
[PubMed]
Liebig, M.A.; Doran, J.W. Impact of Organic Production Practices on Soil Quality Indicators. J. Environ. Qual.
1999, 28, 1601–1609. [CrossRef]
Hartmann, M.; Frey, B.; Mayer, J.; Mader, P.; Widmer, F. Distinct soil microbial diversity under long-term
organic and conventional farming. J. Int. Soc. Microb. Ecol. 2015, 9, 1177–1194. [CrossRef] [PubMed]
Bender, S.F.; van der Heijden, M. Soil biota enhance agricultural sustainability by improving crop yield,
nutrient uptake and reducing nitrogen leaching losses. J. Appl. Ecol. 2015, 52, 228–239. [CrossRef]
Borel, B. When the Pesitcides Run Out. Nature 2017, 543, 302–304. [CrossRef] [PubMed]
Crowder, D.W.; Reganold, J.P. Financial competitiveness of organic agriculture on a global scale. Proc. Natl.
Acad. Sci. USA 2015, 112, 7611–7616. [CrossRef] [PubMed]
Freyer, B.; Bingen, J.; Klimek, M. Ethics in the Organic Movement. In Re-Thinking Organic Food and Farming
in a Changing World; Freyer, B., Bingen, J., Eds.; Springer: Dordrecht, The Netherlands, 2015.
Reganold, J.P.; Wachter, J.M. Organic agriculture in the twenty-first century. Nat. Plants 2016, 2, 15221.
[CrossRef] [PubMed]
Benbrook, C.; Davis, D.; Andrews, P. Methodologic flaws in selecting studies and comparing nutrient
concentrations led Dangour et al to miss the emerging forest amid the trees. Am. J. Clin. Nutr. 2009, 90,
1700–1701. [CrossRef] [PubMed]
Dangour, A.D.; Dodhia, S.K.; Hayter, A.; Allen, E.; Lock, K.; Uav, R. Nutritional quality of organic foods,
a systematic review. Am. J. Clin. Nutr. 2009, 90, 680–685. [CrossRef] [PubMed]
Burchi, F.; De Muro, P. From food Availability to Nutritional Capabilities: Advancing Food Security Analysis.
Food Policy 2016, 60, 10–19. [CrossRef]
Holt-Giménez, E.; Shuttuck, A.; Altieri, M.; Herren, H.; Gliessman, S. We Already Grow Enough Food for
10 Billion People . . . and Still Can’t End Hunger. J. Sustain. Agric. 2012, 36, 595–598. [CrossRef]
Millennium Ecosystem Assessment. Ecosystems and Human Well-Being: Synthesis; Island Press: Washington,
DC, USA, 2005.
Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Mueller, N.D.;
O’Connell, C.; Ray, D.K.; West, P.C.; et al. Solutions for a cultivated planet. Nature 2011, 478, 337–342.
[CrossRef] [PubMed]
Seufert, V.; Ramankutty, N.; Foley, J.A. Comparing the yields of organic and conventional agriculture. Nature
2012, 485, 229–234. [CrossRef] [PubMed]
Muller, A.; Schader, C.; Scialabba, N.E.-H.; Brüggemann, J.; Isensee, A.; Erb, K.; Smith, P.; Klocke, P.; Leiber, F.;
Stolze, M.; et al. Strategies for feeding the world more sustainably with organic agriculture. Nat. Commun.
2017, 8, 1290. [CrossRef] [PubMed]
Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050: The 2012 Revision; FAO: Rome, Italy, 2012.
Garnett, T. Three perspectives on sustainable food security: Efficiency, demand restraint, food system
transformation. What role for life cycle assessment? J. Clean. Prod. 2014, 73, 10–18. [CrossRef]
Food and Agricultural Organization (FAO). Livestock’s Long Shadow, Environmental Issues and Options; FAO:
Rome, Italy, 2006.
United Nations Population Division. World Population Prospects 2017. 2017. Available online: https://esa.un.
org/unpd/wpp/ (accessed on 4 April 2018).
Adeel, Z.; Safriel, A.; Niemeiier, D.; White, R.N. Millennium Ecosystem Assessment, Ecosystems and Human
Wellbeing, Desertification Synthesis; World Resource Institute: Washington, DC, USA, 2005.

Sustainability 2018, 10, 1078

43.
44.
45.

46.
47.
48.

49.
50.
51.
52.
53.

54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.

65.
66.

67.
68.

14 of 17

Lambin, E.F.; Meyfroidt, P. Global land use change, economic globalization, and the looming land scarcity.
Proc. Natl. Acad. Sci. USA 2011, 108, 3465–3472. [CrossRef] [PubMed]
Young, O.R. Effectiveness of international environmental regimes: Existing knowledge, cutting-edge themes,
and research strategies. Proc. Natl. Acad. Sci. USA 2011, 108, 19853–19860. [CrossRef] [PubMed]
Arnouts, R.; Arts, B. Environmental Governance Failure: The ‘Dark Side’ of an Essentially Optimistic
Concept. In The Disoriented State: Shifts in Governmentality, Territoriality and Governance; Arts, B., Lagendijk, A.,
Houtum, H., Eds.; Springer: Dordrecht, The Netherlands, 2009; pp. 201–228.
Socolow, R.; Hotinski, R.; Greenblatt, J.; Pacala, S. Solving the Climate Problem, Technologies Available to
Curb CO2 Emissions. Environ. Sci. Policy Sustain. Dev. 2004, 46, 8–19. [CrossRef]
Tollefson, J. World’s carbon emissions set to spike by 2% in 2017. Nature 2017, 551, 283. [CrossRef] [PubMed]
Jordan, S.M.; Romo-Rabago, E.; McLeary, R.; Reidy, L.; Nazari, J.; Herremans, I.M. The role of energy
technology innovation in reducing greenhouse gas emissions: A case study of Canada. Renew. Sustain.
Energy Rev. 2017, 78, 1397–1409. [CrossRef]
OECD/FAO. OECD-FAO Agricultural Outlook 2017–2026; OECD: Paris, France, 2017.
Food and Agricultural Organization (FAO). World Agriculture: Towards 2015/2030. An FAO Perspective; FAO:
Rome, Italy, 2003.
Norton, T. From the Lab to the Supermarket: In Vitro Meat as a Viable Alternative to Traditional Meat
Production. J. Food Law Policy 2015, 11, 157–180.
World Wildlife Fund. Living Planet Report 2014, Species and Spaces, People and Places; World Wildlife Fund:
Washington, DC, USA, 2015.
Ceballos, G.; Ehrlich, P.; Barnosky, A.D.; García, A.; Pringle, R.M.; Palmer, T.M. Accelerated modern
human–induced species losses: Entering the sixth mass extinction. Sci. Adv. 2015, 1, e1400253. [CrossRef]
[PubMed]
Haas, G.; Wetterich, F.; Köpke, U. Comparing intensive, extensified and organic grassland farming in
southern Germany by process life cycle assessment. Agric. Ecosyst. Environ. 2001, 83, 43–53. [CrossRef]
Pfiffner, L.; Luka, H. Effects of low-input farming systems on carabids and epigeal spiders—A paired farm
approach. Basic Appl. Ecol. 2003, 4, 117–127. [CrossRef]
Gerhardt, R.-A. A Comparative Analysis of the Effects of Organic and Conventional Farming Systems on
Soil Structure. Biol. Agric. Hortic. 1997, 14, 139–157. [CrossRef]
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. [CrossRef]
Rydberg, N.T.; Milberg, P. A Survey of Weeds in Organic Farming in Sweden. Biol. Agric. Hortic. 2000, 18,
175–185. [CrossRef]
Flowerdew, J.R. Mammal biodiversity in agricultural habitats. In Biodiversity and Conservation in Agriculture;
Kirkwood, R.C., Ed.; British Crop Protection Council: Brighton, UK, 1997; pp. 25–40.
Brown, R.W. Margin/field interfaces and small mammals. Asp. Appl. Biol. 1999, 54, 203–210.
Beecher, N.A.; Johnson, R.J.; Brandle, J.R.; Case, R.M.; Young, L.J. Agroecology of birds in organic and
nonorganic farmland. Conserv. Biol. 2002, 16, 1620–1631. [CrossRef]
Kolbert, E. The Sixth Extinction: An Unnatural History; Henry Holt and Co.: New York, NY, USA, 2014.
Phalan, B.; Balmford, A.; Green, R.E.; Scharlemann, J. Minimising the harm to biodiversity of producing
more food globally. Food Policy 2011, 36, S62–S71. [CrossRef]
Fischer, J.; Brosi, B.; Daily, G.C.; Ehrlich, P.R.; Goldman, R.; Goldstein, J.; Lindenmayer, D.B.; Manning, A.D.;
HMooney, A.; Peichar, L.; et al. Should agricultural policies encourage land sparing or wildlife-friendly
farming? Front. Ecol. Environ. 2008, 6, 380–385. [CrossRef]
Dahan, O.; Babad, A.; Lazarovitch, N.; Russak, E.E.; Kurtzman, D. Nitrate leaching from intensive organic
farms to groundwater. Hydrol. Earth Syst. Sci. 2014, 18, 333–341. [CrossRef]
Leinonen, I.; Williams, A.G.; Wiseman, J.; Guy, J.; Kyriazakis, I. Predicting the environmental impacts
of chicken systems in the United Kingdom through a life cycle assessment: Broiler production systems.
Poult. Sci. 2012, 91, 8–25. [CrossRef] [PubMed]
Anton, A.; Montero, J.I.; Munoz, P.; Castells, F. LCA and tomato production in Mediterranean greenhouses.
Int. J. Agric. Resour. Gov. Ecol. 2005, 4, 102–112. [CrossRef]
Thomassen, M.A.; Dalgaard, R.; Heijungs, R.; De Boer, I. Attributional and consequential LCA of milk
production. Int. J. Life Cycle Assess. 2008, 13, 339–349. [CrossRef]

Sustainability 2018, 10, 1078

69.

70.
71.
72.
73.

74.

75.
76.

77.
78.
79.
80.
81.
82.

83.

84.

85.
86.
87.
88.
89.
90.

15 of 17

Meier, S.; Stoessel, F.; Jungbluth, N.; Juraske, R.; Schader, C.; Stolze, M. Environmental impacts of organic and
conventional agricultural products—Are the differences captured by life cycle assessment? J. Environ. Manag.
2015, 149, 193–208. [CrossRef] [PubMed]
Clark, M.; Tilman, D. Comparative analysis of environmental impacts of agricultural production systems,
agricultural input efficiency, and food choice. Environ. Res. Lett. 2017, 12, 064016. [CrossRef]
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. [CrossRef]
Garnett, T. Where are the best opportunities for reducing greenhouse gas emissions in the food system
(including the food chain)? Food Policy 2011, 36, S23–S32. [CrossRef]
Chatzisymeon, E.; Foteinis, S.; Borthwick, A.G. Life cycle assessment of the environmental performance of
conventional and organic methods of open field pepper cultivation system. Int. J. Life Cycle Assess. 2017,
22, 896–908. [CrossRef]
Basset-Mens, C.; van der Werf, H.M.G.; Robinm, P.; Morvan, T.; Hassouna, M.; Paillat, J.M.; Vertès, F.
Methods and data for the environmental inventory of contrasting pig production systems. J. Clean. Prod.
2007, 15, 1395–1405. [CrossRef]
Stonehouse, D.P.; Clark, E.A.; Ogini, Y.A. Organic and Conventional Dairy Farm Comparisons in Ontario,
Canada. Biol. Agric. Hortic. 2001, 19, 115–125. [CrossRef]
Flysjö, A.; Cederberg, C.; Henriksson, M.; Ledgard, S. The interaction between milk and beef production
and emissions from land use change—Critical considerations in life cycle assessment and carbon footprint
studies of milk. J. Clean. Prod. 2012, 28, 134–142. [CrossRef]
Thomassen, M.A.; van Calker, K.J.; Smits, M.C.J.; Iepema, G.L.; de Boer, I.J.M. Life cycle assessment of
conventional and organic milk production in the Netherlands. Agric. Syst. 2008, 96, 95–107. [CrossRef]
Cederberg, C.; Mattson, B. Life cycle assessment of milk production—A comparison of conventional and
organic farming. J. Clean. Prod. 2000, 8, 49–60. [CrossRef]
Tuomisto, H.L.; Hodge, I.D.; Riordan, P.; Macdonald, D.W. Does organic farming reduce environmental
impacts? A meta-analysis of European research. J. Environ. Manag. 2012, 112, 309–320. [CrossRef] [PubMed]
Garnett, T.; Appleby, M.C.; Balmford, A.; Bateman, I.J.; Benton, T.G.; Bloomer, P.; Herrero, M. Sustainable
intensification in agriculture: Premises and policies. Science 2013, 341, 33–34. [CrossRef] [PubMed]
Gore, A. The Future: Six Drivers of Global Change; Random House: New York, NY, USA, 2013.
United Nations. Goal 13: Take Urgent Action to Combat Climate Change and Its Impacts. 2030 Agenda for
Sustainable Development. 2015. Available online: http://www.un.org/sustainabledevelopment/climatechange-2/ (accessed on 4 April 2018).
Stoessel, F.; Juraske, R.; Pfister, S.; Hellweg, S. Life cycle inventory and carbon and water foodprint of
fruits and vegetables: Application to a Swiss retailer. Environ. Sci. Technol. 2012, 46, 3253–3262. [CrossRef]
[PubMed]
Meisterling, K.; Samaras, C.; Schweizer, V. Decisions to reduce greenhouse gases from agriculture and
product transport: LCA case study of organic and conventional wheat. J. Clean. Prod. 2009, 17, 222–230.
[CrossRef]
De Vries, M.; de Boer, I.J.M. Comparing environmental impacts for livestock products: A review of life cycle
assessments. Livest. Sci. 2010, 128, 1–11. [CrossRef]
Schmidinger, K.; Stehfest, E. Including CO2 implications of land occupation in LCAs—method and example
for livestock products. Int. J. Life Cycle Assess. 2012, 17, 962–972. [CrossRef]
Potter, P.; Ramankutty, M.; Bennett, E.M.; Donner, S. Characterizing the Spatial Patterns of Global Fertilizer
Application and Manure Production. Earth Int. 2010, 14, 1–14. [CrossRef]
Burton, C.H.; Turner, C. Manure Management: Treatment Strategies for Sustainable Agriculture, 2nd ed.; Llister
and Durling: Bedford, UK, 2003.
Pollock, J. Green Revolutionary. MIT Technology Review, 18 December 2007. Available online: https://www.
technologyreview.com/s/409243/green-revolutionary/(accessed on 4 April 2018).
Ramez, S.M.; Verrastro, V.; Cardone, G.; Btech, M.R.; Favia, M.; Moretti, M.; Roma, R. Optimization of
Organic and Conventional Olive Agricultural Practices from a Life Cycle Assessment and Life Cycle Costing
perspectives. J. Clean. Prod. 2014, 70, 78–89.

Sustainability 2018, 10, 1078

91.

92.
93.
94.

95.
96.
97.
98.
99.
100.
101.
102.
103.

104.

105.
106.
107.
108.
109.
110.
111.
112.
113.
114.

16 of 17

Stappen, F.V.; Loriers, A.; Mathot, M.; Planchon, V.; Stillmant, D.; Debode, F. Organic versus conventional
farming: The case of wheat production in Wallonia (Belgium). Agric. Agric. Sci. Procedia 2015, 7, 272–279.
[CrossRef]
Tal, A.; Cohen, J. Adding ‘Top Down’ to ‘Bottom Up’: A New Role for Environmental Legislation in
Combating Desertification. Harv. J. Environ. Law 2007, 31, 163–219.
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. [CrossRef] [PubMed]
Bai, Z.G.; Dent, D.L.; Olsson, L.; Schaepman, M.E. Global Assessment of Land Degradation and Improvement.
1. Identification by Remote Sensing; Report 2008/01; ISRIC e World Soil Information: Wageningen,
The Netherlands, November 2008; Available online: http://www.isric.org/sites/default/files/isric_report_
2008_01.pdf (accessed on 4 April 2018).
Tanner, S.; Katra, I.; Haim, A.; Zaady, E. Short-term soil loss by eolian erosion in response to different rain-fed
agricultural practices. Soil Tillage Res. 2016, 155, 149–156. [CrossRef]
Katra, I.; Gross, A.; Swet, N.; Tanner, S.; Krasnov, H.; Angert, A. Substantial dust loss of bioavailable
phosphorus from agricultural soils. Sci. Rep. 2016, 6, 24736. [CrossRef] [PubMed]
Katra, I. Personal communication, 27 December 2017.
Ruiz-Colmenero, M.; Beines, R.; Elddrige, J.; Marques, M.J. Vegetation cover reduces erosion and enhances
soil organic carbon in a vineyard in the central Spain. CATENA 2013, 104, 153–160. [CrossRef]
Tal, A. Rethinking the Sustainability of Israel’s Irrigation Practices in the Drylands. Water Res. 2016, 90,
387–394. [CrossRef] [PubMed]
Baipheth, M.N.; Jacobs, P.T. The Contribution of Subsistence Farming to Food Security in South Africa; Human
Science Research Council: Pretoria, South Africa, 2009.
Smale, M.; Cohen, M.J.; Nagarajan, L. Local Markets, Local Varieties: Rising Food Prices and Small Farmers’ Access
to Seed. IFPRI Issue Brief 2009; International Food Policy Research Institute: Washington DC, USA, 2009.
Southgate, D.; Graham, D. Growing Green: The Challenge of Sustainable Agricultural Development in Sub-Saharan
Africa; International Policy Press: London, UK, 2006.
Esiara, K. Farmers Take to Amiran Farmer Kit for Better Yields. The East African, 4 August 2012.
Available online: http://www.theeastafrican.co.ke/rwanda/Business/Farmers-take-to-Amiran-FarmerKit-for-better-yields-/1433224-1470894-12go4j1z/index.html(accessed on 4 April 2018).
Lotter, D. Facing food insecurity in Africa: Why, after 30 years of work in organic agriculture, I am promoting
the use of synthetic fertilizers and herbicides in small-scale staple crop production. Agric. Hum. Values 2015,
32, 111–118. [CrossRef]
Tilman, D.; Blazer, C.; Hill, J.; Befort, B. Global food demand and the sustainable intensification of agriculture.
Proc. Natl. Acad. Sci. USA 2011, 108, 20260–20264. [CrossRef] [PubMed]
Food and Agriculture Organization. Agricultural Sustainable Intensification. Available online: http://www.fao.
org/policy-support/policy-themes/sustainable-intensification-agriculture/en/ (accessed on 29 January 2018).
Morris, M.; Kelly, V.A.; Kopicki, R.J.; Byerlee, D. Fertilizer Use in African Agriculture Lessons Learned and Good
Practice Guidelines; World Bank: Washington, DC, USA, 2007.
McArthur, J.W.; McCord, G.C. Fertilizing Growth: Agricultural Inputs and Their Effects in Economic Development;
Global Economy and Development Working Paper No. 77; Brookings Institute: Washington, DC, USA, 2014.
United Nations. Organic Agriculture and Food Security in Africa; United Nations: New York, NY, USA, 2008.
Willer, H.; Lernoud, J. The World of Organic Agriculture: Statistics and Emerging Trends 2017; Research Institute
of Organic Agriculture: Frick, Switzerland; IFOAM-Organics International: Bonn, Germany, 2017.
Buck, D.; Getz, C.; Guthman, J. From Farm to Table: The Organic Vegetable Commodity Chain of Northern
California. Sociol. Rural. 1997, 37, 3–20. [CrossRef]
Pollan, M. Naturally. New York Times, 13 May 2001. Available online: https://www.nytimes.com/2001/05/
13/magazine/naturally.html(accessed on 4 April 2018).
Stephenson, G.; Gwin, L.; Schneider, C.; Brown, S. Breaking New Ground, Farmer Perspectives on Organic
Transition; Oregon State University: Corvallis, OR, USA, 2017.
United States Department of Agriculture.
National Organic Program; Agricultural Marketing
Service: Washington, DC, USA, 2013.
Available online: http://www.ams.usda.gov/AMSv1.0/
NOPOrganicStandards (accessed on 4 April 2018).

Sustainability 2018, 10, 1078

17 of 17

115. Hall, A.; Mogyorody, V. Organic Farmers in Ontario: An Examination of the Conventionalization Argument.
Sociol. Rual. 2002, 41, 399–422. [CrossRef]
116. Best, H. Organic agriculture and the conventionalization hypothesis: A case study from West Germany.
Agric. Hum. Values 2008, 25, 95–106. [CrossRef]
117. Garcia, M.R.; Guzman, I.; De Molina, M.G. Dynamics of organic agriculture in Andalusia: Moving toward
conventionalization? Agroecol. Sustain. Food Syst. 2018, 42, 328–358. [CrossRef]
118. Dinis, I.; Ortolani, L.; Boci, R.; Brites, C. Organic agriculture values and practices in Portugal and Italy.
Agric. Syst. 2015, 136, 39–45. [CrossRef]
119. Eurostat. 2017, Organic Farming Statistics. updated November 2018. Available online: http://ec.europa.eu/
eurostat/statistics-explained/index.php/Organic_farming_statistics (accessed on 4 April 2018).
120. Gao, H.; Park, H.; Sakashita, A.; Park, H.; Sashita, A. Conventionalization of Organic Agriculture in China:
A Case Study of Haobao Organic Agricultural Company in Yunnan Province. Jpn. J. Agric. Econ. 2017, 19,
27–42. [CrossRef]
121. Huang, M.T. Organic Promotion in Response to Consumer Demand and Import Substitution: Strategies and
Experiences of the Republic of China. In Organic Agriculture and Agribusiness: Innovation and Fundamentals;
Partap, T., Saeed, M., Eds.; Asian Productivity Organization: Tokyo, Japan, 2010; ISBN 92-833-7090-2.
122. Carson, R. Silent Spring; Houghton Mifflin: Boston, MA, USA, 1962; p. 275.
© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

