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ABSTRACT: Organic farming is a type of agriculture or farming which avoids the use of
synthetic fertilizers, pesticides, growth regulators, and livestock feed additives. Organic stand-
ards are designed to allow the use of naturally occurring substances while prohibiting or
strictly limiting synthetic substance. Organic farming is an important topic for society, so this
paper shows some results arisen from a wider research on economic and environmental sus-
tainability of organic farming. It focuses on organic and conventional farming comparison
through different information and review. In this review, we examine the debate surrounding
the role for organic agriculture in future food production systems. Typically represented as a
binary organic and conventional question, this debate perpetuates an either/or mentality. We
question this framing and examine the organic and conventional cropping systems compari-
sons. The review assesses current knowledge about how these cropping systems compare
across a range of metrics related to for sustainability goals: productivity, environmental
health, economic viability, and quality of life. We conclude by arguing for reframing the de-
bate, recognizing that farming systems fall along gradients between three philosophical poles
industrial, agrarian, and ecological and that different systems will be appropriate in different
contexts. Regardless of evidence for lower yields in organic crop systems, we found consider-
able evidence for environmental and social benefits. Given these advantages, and the potential
for improving organic systems, we come back calls for increased investment in organic and
ecologically based farming systems research and extension.

KEYWORDS: agro ecology, cropping system, debate, diversified farming food production,
sustainability, synthetic

INTRODUCTION

Organic farming is a form of agriculture that relies on sustainable techniques to enhance the
natural fertility of a farm, including crop rotation, companion planting, biological pest control,
and naturally-sourced fertilizers such as compost, manure, green manure, and bone meal. Pest-
control measures such as mixed crops and fostering natural insect predators, are employed,
while it excludes the use of synthetic petrochemical fertilizers and pesticides, plant growth
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regulators such as hormones, antibiotic use in livestock, genetically modified organisms, hu-
man sewage sludge, and nanomaterial. The agricultural approach emphasizes sustainability,
openness, independence, health, and safety. (Alvin et al., 2018).

A crop can be classified as conventional if synthetic chemicals are used to maintain the plants.
A significant amount of chemical and energy input is required in conventional agriculture to
produce the highest possible yield of crops. Conventional agriculture was developed to make
farming more efficient, but achieves that efficiency at a major cost to the environment. The
goal of conventional agriculture is to maximize the potential yield of crops. This is achieved
through the application of synthetic chemicals, genetically modified organisms, and a number
of other industrial products. Production of these crops is beneficial to nothing but food security
and economy. Since the goal of conventional agriculture is to maximize yields, environmental
health and biodiversity are usually not preserved (Alvin et al., 2018).

The main aspect of organic farming is that inorganic fertilizers, genetically modified products
and pesticides are not used in the production (Council Regulation, 2007). European Union (EU)
has a common agricultural policy (CAP) which sets the standards for all the member states
regarding organic production and certification (European Commission, 2014b). Besides the
EUs certification for organic production, Sweden has a national organic certification called
KRAV which has more requirements than the EUs certification (KRAV, 2015a). If farmers get
an organic certification they can have environmental support, e.g. economic compensation,
which is distributed to the farmer and is funded by the EU and the Swedish government (Jord-
bruksverket, 2015). Today the Swedish government is supporting organic production with
about 500 million Swedish kronor per year (Kirchmann et al, 2014).

Sweden's government has as an environmental goal to reach a 20 % organic production by
2010 (Miljomal, 2015a) but in 2014 the amount of organically grown farmland in Sweden was
17 % (Statistiskacentralbyran, 2015a). The demand for organic products in Sweden has in-
creased between 2012 and 2013 with almost 12 % (Fagerberg et al, 2014). But the conversion
to organic farming has decreased (StatistiskaCentralbyran, 2015a). Scania (Skane), a region
where half of the land is farmland (Hall et al., 2014), has 6 % organic farming which is the
lowest amount compared to other regions in Sweden (Statistisk and Centralbyran, 2015a). Or-
ganic farming was first developed from natural philosophy, not science, with the assumptions
that certain organic farming methods would lower the negative impacts on the environment
without it being tested or proven scientifically (Kirchmann et al, 2014). Today it is stated that
organic production is built on science but (Kirchmann et al, 2014) discuss that there still is
certain assumptions about environmental benefits in organic production that is not scientifically
based which is a subject greatly debated in the scientific community. Organic agriculture is a
production system that regenerates the health of soils, ecosystems, and people. Organic farmers
rely on natural processes, biodiversity, and cycles adapted to local conditions rather than the
use of synthetic inputs like chemical fertilizers, pesticides, and herbicides. GMOs are not al-
lowed in organic (USDA, 2007).
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Organic agriculture can be defined as: an integrated farming system that strives for sustaina-
bility, the enhancement of soil fertility and biological diversity whilst, with rare exceptions,
prohibiting synthetic pesticides, antibiotics, synthetic fertilizers, genetically modified organ-
isms, Since 1990 the market for organic food and other products has grown rapidly, reaching
$63 billion worldwide in 2012 (Helga et al 2013).

Organic food is increasing in popularity. The growing demand is mainly attributable to con-
sumer concerns about negative implications of conventional agriculture for human health and
the environment. Especially in developed countries, most consumers consider organic food to
be safer and healthier than conventionally produced food (Funk and Kennedy 2016). Rich-
country consumers often also perceive organic farming to be better for the environment, cli-
mate protection, and animal welfare (Seufert et al, 2017).

In Europe in particular, organic farming has such a positive public image that it is commonly

touted as the paradigm for sustainable agriculture (Mercati, 2016). A representative survey
carried out in Germany showed that approximately 50% of the population considers wider
adoption of organic agriculture as an important strategy to fight global hunger (Klumper et al.,
2013). The same survey revealed that agrochemicals and genetically modified organisms
(GMOs) are often perceived as major threats to food security. In developing countries, the
awareness of organic agriculture is still lower, but European perceptions and food preferences
are also starting to gain ground, especially among better-off urban consumers (Greenpeace,
2015 and Probst et al., 2012).

In the academic literature, the views are more nuanced, but the conclusions about the role of
organic agriculture for global sustainable development differ widely. Some consider organic
agriculture as inefficient and mainly driven by ideology (Connor and Minguez 2012, Lotter
2015, Trewavas 2001). Others see great potential in organic farming to feed the world in an
environmentally friendly way (Badgley et al. 2007, Reganold and Wachter 2016).

Over the last several decades, green revolution technologies, including high-yielding crop va-
rieties and complementary inputs such as synthetic fertilizers, pesticides, and irrigation water,
have contributed substantially to productivity growth in agriculture and improvements in global
food security (Evensonr and Gollin 2003 and Qaim 2017). Nevertheless, approximately 800
million people are still chronically undernourished, most of them living in Asia and Africa
(FAO 2017). Over the next few decades, the demand for food will increase further due to pop-
ulation and income growth. In addition, plant-based products are increasingly being used as
renewable resources. To keep up with this rising demand, it is estimated that global agricultural
production will have to increase by at least 60% and possibly up to 100% until 2050 (Godfray
et al. 2010 and Hertel, 2015).

This is a major challenge because land, water, and other natural resources are becoming in-
creasingly scarce. Furthermore, the input-intensive agricultural production systems observed
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in many parts of the world are responsible for or at least contribute to major environmental
problems, such as land degradation, biodiversity loss, water pollution, and climate change (
Foley et al, 2011). Increasing production while reducing the environmental footprint will re-
quire profound changes in food and agricultural systems and the types of technologies used.
But is organic agriculture the solution? This question is addressed here by reviewing the ex-
tensive literature on various aspects of certified organic farming, including economic, social,
environmental, and health effects. While organic is fundamentally different from conventional
because of the use of carbon based fertilizers compared with highly soluble synthetic based
fertilizers and biological pest control instead of synthetic pesticides, organic farming and large-
scale conventional farming are not entirely mutually exclusive. Many of the methods developed
for organic agriculture have been borrowed by more conventional agriculture. For example,
Integrated Pest Management is a multifaceted strategy that uses various organic methods of
pest control whenever possible, but in conventional farming could include synthetic pesticides
only as a last resort "Integrated Pest Management"( 2013).

Objective
o To review how organic farming vs. conventional farming.

LITERATURE REVIEW
Principles and Adoption of Organic Agriculture

Historical Background

The idea of organic agriculture evolved in the early twentieth century in the context of urbani-
zation and the increasing use of agrochemical inputs in farming. The organic movement started
in German- and English-speaking countries and was influenced by different groups that pro-
moted rural traditions and the use of biological (instead of synthetic) fertilizers (Vogt 2007).
For several decades, the organic movement remained very small, but it has gained popularity
since the 1970s with rising public concerns about health and environmental effects of industri-
alized farming (Lockeretz 2007). In the following decades, governments in several rich coun-
tries started to subsidize the organic sector. As a result, the market share of certified organic
products increased. In the European Union and the United States, policy measures to support
organic farming include governmental regulations and standards, direct subsidies to organic
producers, research funding, and sponsorship of communication instruments such as promotion
campaigns and organic labeling. The rationale for government interventions is to reward or-
ganic farmers for their superior environmental performance and compensate for related in-
creases in production costs or decreases in yield (Stolze and Lampkin 2009). More recently,
policy support has also facilitated the adoption of organic standards in developing countries.
Domestic governments and western development agencies have launched a number of projects
to link smallholder farmers to organic export markets (Eva-Marie et al, 2019).
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Principles of Organic Agriculture

Today, more than 100 countries publicly support organic standards (Seufert et al, 2017). Ad-
ditionally, several private organic standards exist. Governmental and private standards are typ-
ically based on the standards developed by the International Federation of Organic Agriculture
Movements (IFOAM) (http://www.ifoam.bio/en). Hence, most organic standards are similar,
even though they can differ in specific details. Organic standards cover different are such as
crop production, animal husbandry, wildlife collection, beekeeping, aquaculture, and pro-
cessing, among others. The standards involve activities that are prohibited or restricted and
other activities that are required or recommended. The cornerstone of organic production sys-
tems are balanced crop rotations with legumes, recycling of nutrients (e.g, through mixed farm-
ing), and the use of organic fertilizers. Use of synthetic fertilizers and chemical pesticides is
prohibited. In livestock production, the animals must be fed with organic fodder, preferably
from the same farm, and provided with sufficient space and access to outdoor areas (Eva-Marie
et al, 2019).

Compliance with organic standards is verified on an annual basis through farm inspections
undertaken by accredited certification agents (Seufert et al. 2017). For this purpose, records on
all farming activities must be kept. In developed countries, certification of individual farms is
commonplace. In developing countries, certification is often group based, especially in the
small farm sector. Group certification reduces the costs for individual farmers as well as the
transaction costs for certifiers and buyers (Jena et al. 2012 and Meemken et al. 2017b).

Adoption of Organic Agriculture

Over the past 15 years, the global area under certified organic agriculture has increased sub-
stantially, from 15 million ha in 2000 to 51 million ha in 2015. Nevertheless, in 2015, organic
agriculture accounted for only 1% of the total agricultural land worldwide. With almost 23
million ha, Australia is the country with the largest certified organic area; most of the organic
area in Australia is extensively managed grassland (Eva-Marie et al, 2019). Other countries
with relatively large organic areas include Argentina, the United States, and Spain. A break-
down by crop species shows that organic production plays a larger role for permanent crops,
such as berries, coffee, and olives, than for annual crops such as cereals and vegetables. While
the largest share of the global organic area is found in developed countries 88% of the organic
farmers (2.1 million out of 2.4 million) live in developing countries in Asia, Africa, and Latin
America. The countries with the largest number of organic farmers are India (0.6 million),
Ethiopia (0.2 million), and Mexico (0.2 million). Organic farmers in developing countries
mainly produce traditional export crops, such as coffee and tea (Willer and Lernoud 2017).

Several studies have analyzed factors that influence farmers’ decisions to switch from conven-
tional to organic practices in developed and developing countries. Access to government sub-
sidies for organic farming tends to play an important role (Brenes-Munoz et al, 2016). How-
ever, government subsidies can also add to policy risk, which may reduce adoption under cer-
tain conditions (Kuminoff and Wossink 2010). In addition to policy risk, organic farming may
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be associated with higher production risk, because certain risk-reducing inputs are not allowed
(Serra et al, 2008). For instance, chemical pesticides help to reduce pest damage but are pro-
hibited in organic agriculture. Indeed, studies showed that adopters of organic practices tend to
be more risk loving than non-adopting farmers (Kallas et al. 2010 and Serra et a. 2008).

Other important adoption determinants include access to information and to high-value certi-
fied markets in which buyers are willing to pay significant price premiums for organic products
(Lapple 2010, Wollni and Andersson 2014). Especially in the small farm sector of developing
countries, adoption of organic standards crucially depends on development initiatives to pro-
vide training and marketing support to farmers (Bolwig et al. 2009). In line with the increase
in the global organic land area, sales of organic products have also increased. Since 2000,
global organic retail sales have quadrupled, reaching US$82 billion in 2015. Demand for or-
ganic products is concentrated in North America and Europe.(Eva-Marie et al. 2019)

In Europe, the largest organic markets in terms of total retail sales are Germany and France.
However, in terms of per capita expenditures on organic products, the leading countries are
Switzerland, Denmark, and Sweden (Willer and Lernoud 2017). In most developing countries,
demand for organic products is negligible, although increasing in certain high-income seg-
ments of the population. Poor people can hardly afford organic products due to significantly
higher prices. On average, organic products are priced 50% above conventional products, re-
flecting higher costs in production, processing, and distribution (Seufert et al. 2017). Price
differences between organic and conventional tend to be more pronounced for animal products
than for fruits, vegetables, and processed foods (Carlson and Jaenicke 2016).

Can Organic Agriculture Feed The World?

Many see organic agriculture as the most sustainable form of farming and as the paradigm for
global food production in the future. Hence, the question of whether organic agriculture alone
could actually feed the world with its 7.5 billion people today, and likely over 9 billion people
by 2050, arises time and again (Badgley et al. 2007, Connor 2008, Erb et al. 2016, Seufert and
Ramankutty 2017, Muller et al. 2017 and Taheri et al. 2017). Given that organic farming today
only accounts for 1% of the agricultural land, a total conversion to organic agriculture does not
seem to be a realistic scenario in the foreseeable future, but it is nevertheless an interesting
thought experiment (Eva-Marie et al. 2019).

Environmental Effects of Organic Farming

Agricultural production contributes to various environmental problems such as climate change,
biodiversity loss, soil degradation, and water pollution (Foley et al. 2011). It is widely believed
that organic agriculture causes fewer negative environmental externalities than conventional
agriculture, which is also the main reason why many governments subsidize the organic sector.
In this section, we review the evidence of the effects of organic farming on various environ-
mental aspects. (Eva-Marie et al. 2019)
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Use Efficiency

Approximately 40% of the global ice-free land is used for agricultural production (Foley et al.
2011). Continuous land-use change (e.g. deforestation) is associated with various environmen-
tal problems, especially the loss of biodiversity and the release of soil carbon into the atmos-
phere. Thus, balancing food production and environmental goals will increasingly require us-
ing land and other natural resources more efficiently. Organic systems have lower land-use
efficiency than conventional systems. As discussed above, organic crop yields are lower than
conventional yields on average. In addition, organic crop rotations typically include crops that
are not suitable for human consumption. Finally, organic animal husbandry is characterized by
longer production cycles and lower animal growth rates, meaning that larger quantities of fod-
der and more land for fodder production are required per unit of organic meat (Treu et al. 2017).
Land-use requirements are also relevant when assessing other environmental effects of organic
and conventional production systems. Therefore, environmental impacts are typically ex-
pressed per unit of land and per unit of output, where the latter tries to account for lower land-
use efficiency in organic systems. Given the rising demand for food and agricultural products,
measuring per unit of output seems more relevant to assess environmental impacts from a
global perspective. However, even this approach probably underestimates the environmental
effects that large-scale conversion to organic agriculture might have. Today, only a marginal
share of the global agricultural land is certified organic. Large-scale conversion to organic
would likely require bringing more natural habitats into agricultural production. Such addi-
tional land-use change would be associated with environmental costs that are not fully ac-
counted for by simply expressing per unit of output (Leifeld 2016).

Energy Use and Greenhouse Gas Emissions

Approximately 25% of the anthropogenic greenhouse gas (GHG) emissions are attributable to
food production (Edenhofer et al. 2014). Carbon dioxide (CO2), methane (CH4), and nitrous
oxide (N20) emissions accrue during the combustion of fossil fuels (e.g. for the production of
mineral fertilizer and the use of agricultural machinery), soil chemical processes, and animal
digestion, among others (Gomiero et al. 2011). Energy use and GHG emissions from agricul-
ture are typically evaluated through life cycle assessments until a product leaves the farm
(Meier et al. 2015 and Smith et al. 2015). The evidence suggests that organic agriculture uses
less energy per unit of land, and to a lesser extent, also per unit of output than conventional
agriculture. This difference is mainly attributable to the nonuse of synthetic fertilizers and pes-
ticides in organic systems. Fuel use for agricultural operations is similar across systems. How-
ever, for certain crops (especially vegetables) more fuel is sometimes required in organic pro-
duction, when repeated mechanical or thermal weed control becomes necessary (Lynch et al.
2011, Scialabba and Muller-Lindenlauf 2010 and Smith et al. 2015). This may also lead to
higher overall energy use in organic systems in certain situations (Lee et al. 2015). Concerning
GHG emissions, most studies conclude that organic farming has lower impacts when expressed
per unit of land but not when expressed per unit of output. Generally, organic systems are
characterized by lower nitrogen inputs, and thus lower N20O emission potential. However, bal-
ancing nutrient supply and plant demand is typically more challenging in organic systems;
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oversupply of nitrogen from organic fertilizer may also lead to significant N2O emissions,
while undersupply leads to lower yields (Clark and Tilman 2017, Lynch et al. 2011 and Skinner
et al. 2014).

In crop production, soil carbon stocks and sequestration rates were found to be significantly
higher in organic than in conventional systems (Gattinger et al. 2012 and Lori et al. 2017). In
livestock production, less intensive organic husbandry systems lead to larger quantities of ma-
nure per unit of meat, and thus higher methane and N20O emissions (Treu et al. 2017). Overall,
the evidence does not support the widely held notion that organic agriculture is more climate
friendly than conventional agriculture (WBA 2016).

Nutrient Leaching and Water Quality

Nutrient leaching is a problem, especially in regions with intensive agriculture, as it causes
eutrophication of water bodies and marine ecosystems (Halberg 2012). Nitrate (NO3 —) leach-
ing under organic management was found to be lower per unit of land but not per unit of output
The overall eutrophication potential per unit of output, measured in terms of phosphate (PO4)
equivalents, and the acidification potential, measured in terms of sulfur dioxide (SO2) equiva-
lents, were even found to be higher in organic systems (Clark and Tilman 2017). Nonuse of
synthetic fertilizers is generally associated with lower leaching potential (Lori et al. 2017 and
Niggli 2015), but again, avoiding mismatches between nutrient supply and plant demand can
be challenging in organic systems, potentially leading to greater nutrient losses (Gomiero et al.
2011, Halberg 2012 and Tuomisto et al. 2012). Concerning pesticides, as synthetic pesticides
are banned in organic farming, the risk of pesticide pollution of water bodies is lower (Reganold
and Wachter 2016). However, certain non synthetic pesticides, which are used in organic farm-
ing, can also have negative effects for aquatic life. For instance, in organic horticultural pro-
duction copper-based solutions are widely used to control fungal diseases (Niggli 2015).

Soil Quality

Millions of hectares of previously fertile land have become unsuitable for agricultural produc-
tion because of soil degradation (e.g, erosion), often as a result of mismanagement (Halberg
2012). Organic practices such as the application of organic matter (e.g., green or animal ma-
nure) and longer and more diverse crop rotations with cover and catch crops can help to reduce
soil erosion and fertility decline (Lori et al. 2017 and Niggli 2015). Meta-analyses and results
from long-term field trials confirm that organically managed fields have higher contents of
organic matter and larger and more active soil microbial communities both key indicators of
soil quality. (Eva-Marie et al. 2019) Increased soil fertility: biodynamic farms had better soil
quality: greater in organic matter, content and microbial activity, more earthworms, better soil
structure, lower bulk density, easier penetrability, and thicker topsoil (Reganold et al. 1993);
agricultural productivity doubled with soil fertility techniques: compost application and intro-
duction of leguminous plants into the crop sequence (Dobbs and Smolik, 1996; Drinkwater,
1998; Edwards, 2007);
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Biodiversity

Agricultural intensification and homogenization of landscapes have significantly contributed
to biodiversity loss (Bengtsson et al. 2005, Halberg 2012). There is large agreement that or-
ganic farms are more biodiversity (Hole et al. 2005, Mader et al. 2002, Pimentel et al. 2005,
Schneider et al. 2014 and Tuck et al. 2014), which is due to lower pesticide use, longer crop
rotations, and more semi natural landscape elements (e.g, hedges) (Niggli 2015). Meta-analyses
suggest that species richness (number of species) and species evenness (relative abundance of
different species) are both significantly higher on organic farms than on conventional farms.
Large differences were found when high-intensity conventional systems were taken as the ref-
erence (Bengtsson et al. 2005 and Tuck et al. 2014). However, the biodiversity benefits dimin-
ish with increasing intensity of organic production systems (Gabriel et al. 2013).
Disagreement exists whether the benefits of organic farming also diminish with increasing
scale (Bengtsson et al. 2005, Schneider et al. 2014 and Tuck et al. 2014). As mentioned, be-
cause of lower yields, large-scale conversion to organic agriculture would likely imply further
loss of natural habitats. It is largely agreed that the biodiversity gains from organic production
cannot offset the biodiversity loss associated with additional land-use change (Gabriel et al.
2013, Green et al. 2005, Mondelaers et al. 2009 and Schneider et al. 2014). The “land sharing”
versus “land sparing” debate is complex and requires site-specific solutions, which is why sim-
plistic global prescriptions are inappropriate (Phalan et al. 2011 and Tuck et al. 2014).

Yield Effects

Estimated Yield Gaps

When evaluating the potential of organic agriculture to contribute to sustainable development,
a central question concerns the yields obtained in comparison to conventional farming. Esti-
mating yield effects of organic practices is not easy, as confounding factors have to be con-
trolled for. For instance, when organic farmers obtain lower yields, this may be due to the
organic practices, but it is also possible that the farmers are less talented or operate in less-
favorable environments than their conventional colleagues (Eva-Marie et al. 2019).

In the latter case, organic farmers would have lower yields anyway, even when applying the
same technology, so the yield gap of organic farming practices would be overestimated. On the
other hand, it is also possible that organic farmers are systematically more talented than their
conventional counterparts, which would lead to underestimated yield gaps when simply com-
paring observed organic with conventional yields (Eva-Marie et al. 2019). Available studies
show a wide range of results, depending on the particular context. In some situations, organic
yields were found to be higher than conventional yields, whereas in other situations they were
considerably lower. More recently, a few review papers have tried to synthesize the evidence.
A first attempt in this direction was a study by Badgley et al. (2007). The authors used results
from various sources to conclude that organic agriculture had 33% higher average crop yields
than conventional agriculture at the global level(Eva-Marie et al. 2019).
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In developed countries, organic yields were 9% lower than conventional yields, but in devel-
oping countries, the authors claimed that organic practices would increase crop yields by 74%
(Badgley et al. 2007). However, this study was heavily criticized on various grounds (Cassman
2007, Connor 2008, Goulding and Trewavas 2009). Many of the studies included in the review
by Badgley et al. (2007) did not meet minimum scientific standards in terms of experimental
design (Cassman 2007). Other relevant studies were simply ignored (Goulding and Trewavas
2009). For developing countries, Badgley et al. (2007) mostly compared yields of crops that
had received high levels of organic nutrients as the organic version with crops that had received
very little or no fertilizer as the conventional version (Connor 2008). Hence, despite being
highly cited, the results of Badgley et al. (2007) are not reliable and meaningful. Across all
crops, mean yield gaps of organic agriculture are in the magnitude of 19-25%. Considerable
differences can be observed across different crop species, with legumes and fruits showing
smaller yield gaps than cereals and root and tuber crops. (Eva-Marie et al. 2019). There is some
evidence that the yield gap increases as conventional yields increase (De Ponti et al. 2012).
Under best management practices for both systems, yield gaps do not seem to differ signifi-
cantly between developed and developing countries (Ponisio et al. 2015). However, in all three
meta-analyses, observations from developing countries are heavily under represented (Seufert
and Ramankutty 2017). so statements about geographic differences of yield gaps need to be
interpreted with caution. Longer-term research was recently started to improve knowledge
about the productivity effects of organic farming in developing countries (Forster et al. 2013).
One relevant issue when comparing yield levels between organic and conventional agriculture
is the time period that the original studies cover. It is sometimes assumed that yields would
decline shortly after conversion to organic practices but would then recover after a while due
to gradually improving soil conditions in organic farming. However, the evidence to support
this assumption is weak. While some studies report organic yield increases over time, others
find no changes or even decreasing yields in longer-term studies (De Ponti et al. 2012 and
Mader et al. 2002). ~

Explaining Yield Gaps

Apart from sunlight and favorable temperatures, plants need a range of different nutrients to
grow well, especially nitrogen, phosphorus, potassium, and several micronutrients. In addition,
soil texture and composition, water availability, and problems due to pests and diseases matter.
Almost all of these parameters may differ between organic and conventional practices; hence,
it is not surprising that yield levels differ as well. As mentioned, organic standards prohibit the
use of synthetic fertilizers. Although all the required nutrients can, in principle, also be pro-
vided through organic fertilizers, nutrient management is more difficult in organic production
systems (Niggli 2015). Organic systems are often found to be limited in nitrogen and phospho-
rus (Berry et al. 2002 and Oehl et al. 2002).

The release of plant-available nitrogen from organic sources is slow and can often not keep up
with the nitrogen demand during peak crop growth periods (Seufert et al. 2012). The amount
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of phosphorus provided in organic systems is also sometimes insufficient to replenish the quan-
tities lost due to harvest (Oehl et al. 2002). In general, providing the right mixture of nutrients
to optimally support plant growth is more complicated in organic systems because the nutrient
ratio of organic inputs can only be influenced to a very limited degree (Seufert and Ramankutty
2017). Nutrient limitations are an important factor to explain the observed yield gaps in organic
agriculture. Against this background, lower-than-average yield gaps observed for legumes and
fruits are plausible. Legumes can fix atmospheric nitrogen and are hence less dependent than
other crops on externally added nitrogen. Fruits grow on trees that have longer growing seasons
and extensive root systems and are hence better able to absorb nutrients in synchrony with crop
demand (Seufert et al. 2012).

In terms of water availability and use, organic systems tend to have an advantage because soils
managed with organic methods show better water-holding capacity and higher rates of water
infiltration. This is also one reason why organic systems are often said to be more resilient and
have higher yield stability, even under drought conditions (Gomiero et al. 2011 and Niggli
2015). On the other hand, organic systems are sometimes more susceptible to pest outbreaks,
which can lead to yield losses and higher yield variability (Seufert and Ramankutty 2017). The
ban of chemical pesticides and GMOs in organic agriculture limits the tools available to farm-
ers for effectively controlling weeds, insect pests, and plant diseases. Hence, in high pest pres-
sure environments, and where pests and diseases that are difficult to control with biological
methods are found, yield gaps of organic agriculture are higher than in low pest pressure envi-
ronments (Eva-Marie et al. 2019).

External Validity of Estimated Yield Gaps

Most of the data that rigorously compare crop yields in organic and conventional agriculture
stem from experimental trials carried out on research stations. Experimental yields are often
higher than those in real-world agriculture because farmers are not always able to fully replicate
recommended management practices (Eva-Marie et al.2019). If yield differences between ex-
perimental stations and farmers’ fields would be the same for organic and conventional agri-
culture, yield comparisons between the two systems would not be systematically biased. How-
ever, there is increasing evidence that yield differences between experimental stations and
farmers’ fields are larger for organic than for conventional practices (Kravchenko et al. 2017).
The reason is that organic farming is more knowledge intensive, and yields depend more on
timely management interventions (Seufert et al. 2012 and Taheri et al. 2017). Hence, while the
reported yield differences between organic and conventional agriculture may be true under
experimental conditions, they may possibly underestimate the yield gaps that occur in real-
world farming situations (Eva-Marie et al. 2019).

To test the external validity of results obtained from studies on experimental stations, Kniss et
al. (2016) compared data from a large number of commercial farms in the United States. For
cereals, they found yields on organic farms to be approximately 20% lower than on conven-
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tional farms, which is similar to the yield gaps reported in the meta-analyses (Table 2). How-
ever, for certain vegetables, Kniss et al. (2016) reported yield gaps of 50% and more, which is
significantly higher than what the meta-analyses reported. Under practical conditions in some
parts of Europe, Pimentel et al. (2005) reported organic cereal yields to be 50% lower than
conventional yields. These results should not be extrapolated, as unbiased evidence about or-
ganic yield effects under real-world conditions is limited (Kravchenko et al. 2017 and Leifeld
2016). In any case, given the higher knowledge requirements for successful organic farming,
it is likely that the average yield gaps would rise if an increasing number of farmers would
adopt organic practices. Another interesting question is how yield gaps between organic and
conventional agriculture may further develop in the long run, when factoring in technological
change. Available studies do not provide a clear answer to this question (Seufert and Ra-
mankutty 2017).

As mentioned, yield gaps tend to increase with increasing conventional yields. In addition, over
the coming decades yield gaps may potentially widen due to slower plant genetic improvements
in organic farming. Organic standards ban the use of GMOs and genome editing techniques,
which have significant potential to further increase crop yields and yield stability (Qaim 2016).
On the other hand, organic agriculture has received limited research until now (Niggli 2015).

Nutrition and Health Effects of Organic Foods

Consumers often perceive organic foods to be more nutritious and healthier than conventional
foods (Seufert et al. 2017). In principle, this could be due to lower contamination of organic
foods with unhealthy components or higher contents of nutritionally desirable ingredients. A
large body of literature has analyzed whether there are indeed significant differences between
organic and conventional foods in terms of chemical composition (Eva-Marie et al. 2019).

Several systematic reviews suggest that organic food contains lower levels of chemical pesti-
cide residues (Baranski et al. 2014, Dangour et al. 2010 and Huber et al. 2011). Whether this
difference is relevant for human health depends on the types and quantities of pesticides used
in conventional farming. In developed countries, where pesticide regulations are relatively
strict, differences in risk for exceeding maximum allowed limits are generally negligible
(Magkos et al. 2006 and Smith Spangler et al. 2012). In terms of other unhealthy components,
some reviews conclude that organic foods contain lower concentrations of nitrate and cadmium
(Baranski et al. 2014 and Huber et al. 2011). No significant difference was found in terms of
fungal or bacterial contamination in most studies, although some suggest higher microbial con-
centrations in certain organic products such as fruits (Mditshwa et al. 2017).

Regarding nutritionally desirable components, most reviews suggest that organic plant prod-
ucts contain moderately higher concentrations of secondary metabolites such as phenolics (Ba-
ranski et al. 2014, Brandt et al. 2011, Smith-Spangler et al. 2012). Concerning vitamin C and
carotenoids, the results are mixed (Baranski et al. 2014, Hunter et al. 2011, Smith-Spangler et
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al. 2012). Higher levels of omega-3 fatty acids were found in organic milk and chicken (Ba-
ranski et al. 2017, Huber et al. 2011, Smith-Spangler et al. 2012). On the other hand, slightly
lower concentrations of proteins and amino acids were found in organic foods (Baranski et al.
2014). However, it is not clear whether these differences in nutritionally desirable components
between organic and conventional foods are clinically relevant (Baranski et al. 2017, Dangour
et al. 2010, Forman and Silverstein 2012 and Smith-Spangler et al. 2012).

Certain differences in the composition of organic and conventional foods may not be surpris-
ing, as farming practices can affect plant chemistry (Brandt et al. 2011). Lower cadmium and
nitrate levels in organic plants are linked to synthetic fertilizers not being allowed in organic
farming (Baranski et al. 2014). Nitrogen fertilization promotes vegetative growth (associated
with the ~ formation of proteins and carbohydrates) while limiting generative growth (associ-
ated with the formation of secondary metabolites) (Huber et al. 2011). Regarding animal prod-
ucts, higher levels of omega-3 fatty acids are potentially linked to outdoor grazing and larger
biodiversity in pastures on organic farms. However, plant chemistry depends not only on the
production system but also on weather conditions, soil type, genotype (variety), ripening stage
of the product at harvest, and postharvest conditions (Brandt et al. 2011 and Huber et al. 2011).
For instance, cadmium levels are highly dependent on soil type and may therefore also be high
in organic products (Baranski et al. 2014). ~ Furthermore, management practices within both
organic and conventional systems can vary (Huber et al. 2011 and Smith-Spangler et al. 2012).
Organic cattle are not necessarily kept on biodiversity pastures, and conventional cattle are not
always raised indoors with silage. As a result, the variation in the composition of foods can be
larger within organic and conventional systems than between the two systems (Brandt et al.
2011).

A few studies suggest that the consumption of organic foods can be associated with a lower
risk of allergies and eczema in infants (Alfven et al. 2006 and Kummeling et al. 2008). A
cohort study carried out in France showed “ that regular consumption of organic food is asso-
ciated with lower rates of obesity (Kesse-Guyot et al. 2013). However, a systematic review did
not find differences in health outcomes (Dangour et al. 2010). Generally, it is difficult to prove
causality with observational data. Organic consumers are known to make different—often
healthier—food and lifestyle choices (Huber et al. 2011 and Kesse-Guyot et al. 2013), which
can lead to selection bias in impact evaluation. Given the limited evidence, general conclusions
about health effects of organic food consumption cannot be drawn (Baranski et al. 2017,
Dangour et al. 2010, Forman and Silverstein 2012).

Food Production Quantities

As discussed, average crop yields are lower in organic than in conventional agriculture. Con-
sequently, total conversion to organic practices would require more land to produce the same
quantity of food. At the beginning discussed the average organic yield gaps of 19-25%, which
would mean additional land requirements of 23-33%. But we also discussed that yield gaps
could increase if more farmers adopted organic agriculture. Organic farming is more
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knowledge intensive than conventional farming; therefore, there is little reason to assume that
organic yields obtained on experimental stations or on 1% of the agricultural area could be
extrapolated to all agricultural land worldwide. Larger yield gaps are especially likely when it
comes to up scaling organic agriculture in the developing-country small farm sector, where
levels of formal education are often low, and access to agricultural training is limited. Average
yield gaps of 30-40% would already mean that 43—-67% of additional land would be required
to produce the same quantity of food with organic practices, implying a significant loss of
natural habitats. (Eva-Marie et al. 2019) Another relevant question is whether sufficient nutri-
ents from organic matter would be available if all of the world’s agriculture were converted to
organic practices (Tomich et al. 2011). Today, organic agriculture often relies on nutrient in-
puts from conventional farms and heavily depends on the livestock sector (Nowak et al. 2013).
But would there be enough animal manure available to supply nutrients to a much larger area
under organic production? Currently only about 11% of the nitrogen inputs to global crop pro-
duction come from animal manure, and another 8% are from crop residues (Seufert and Ra-
mankutty 2017). Completely replacing synthetic fertilizers, which are banned in organic farm-
ing, would mean significantly increasing the number of farm animals kept. Given the climate
effects of animal husbandry and the additional land required for fodder production, this would
hardly be a sustainable scenario. Alternatively, more leguminous cover crops could be grown
to restore nitrogen in the soil. However, providing sufficient nitrogen would require a legume
cover crop on each field every year, which would not be possible without reducing the area
available for food production (Connor 2008). Providing insufficient nutrients would mean ad-
ditional yield gaps. In summary, providing sufficient food for the growing world population
through organic farming alone might be possible but not without taking significantly more land
into production. (Eva-Marie et al. 2019).

The expansion of agricultural land is a major contributor to biodiversity loss and climate change
(Foley et al. 2011 and Green et al. 2005). As discussed in Section 5, the biodiversity gains from
organic production cannot offset the biodiversity losses associated with additional land-use
change. In other words, complete conversion to organic agriculture would likely be associated
with additional GHG emissions and a net loss in biodiversity. (Eva-Marie et al. 2019)

Sustainable Consumption

When calculating the food quantities that have to be produced to feed the world population,
current patterns and trends of food consumption are typically assumed. However, a significant
share of the food produced is lost or wasted along the value chain, including foods thrown away
by the end-consumer (FAO 2011). Moreover, the high consumption of meat and dairy products
in many parts of the world is associated with considerable resource inefficiencies. In other
words, much less food production would be required if food losses and waste were reduced and
if all people became vegetarians or vegans. Such a scenario could certainly change the conclu-
sions about the potential of organic agriculture to feed the world. Indeed, in recent simulations,
Erb et al. (2016) and Muller et al. (2017) showed that the predicted world population in 2050
could be fed even with lower yields and without the loss of additional natural habitat if only
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vegan diets were consumed. However, completely vegetarian or vegan diets are not realistic
and also not desirable from a nutritional perspective (Seves et al. 2017 and White and Hall
2017).

Nor do vegetarian or vegan diets fit together with increased organic production, as organic
practices depend on the availability of animal manure. But with or without organic agriculture,
changes in people’s consumption habits toward less resource-intensive diets will have to be an
important part of sustainable development strategies (Foley et al. 2011). Especially in rich
countries, this should also involve less consumption of animal products. In several countries in
Europe, the per capita consumption of meat is actually decreasing, but the decrease is slow.
Behavioral change processes are not easy to instigate and accelerate through political measures,
and the global trend goes in the opposite direction. Especially in Asia and Africa, the demand
for animal products is rapidly rising, and the situation is similar in terms of food losses and
waste. Although reductions are desirable, a zero waste scenario is hardly realistic in the fore-
seeable future. (Eva-Marie et al. 2019)

Food Prices and Food Security

Mainly owing to lower average yields, organic production is associated with higher costs per
unit of output and thus higher prices. Currently, the higher prices only apply to the small certi-
fied organic market segment, but total conversion to organic agriculture would mean signifi-
cantly higher food prices in the entire market. In developed countries, most consumers are
sufficiently rich so that higher food prices would not jeopardize their food security. But in
developing countries, the situation is different. Many poor households spend over 50% of their
income on food. In such situations, food price increases are associated with higher levels of
food insecurity and under nutrition, especially in urban areas (Ecker and Qaim 2011).

Socio economic Implications For Organic Farmers

Organic farming can only contribute to sustainable agricultural development when it is eco-
nomically viable for farmers, meaning that the income derived from organic production is at
least as high as that from conventional farming. A recent meta-analysis has analyzed this issue
and includes studies from 14 different countries (Crowder and Reganold 2015). Results show
that organic farming is 22-35% more profitable than conventional agriculture on average.
While organic yields are significantly lower, organic farmers receive higher prices for their
products in certified organic markets. Average price premiums at the farm level are on the
magnitude of 30%. Without price premiums, organic farming would be less profitable than
conventional farming (Crowder and Reganold 2015). Whereas the meta-analysis by Crowder
and Reganold (2015) includes data from different parts of the world, most of the original stud-
ies refer to the United States and other developed countries. Only a few of the studies refer to
developing countries, and no single study looked at the situation in Africa. In terms of absolute
numbers, most organic producers are smallholder farmers in developing countries. Moreover,
smallholder farmers comprise a large share of the world’s poor and hungry people (FAO 2014
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and FAO and Qaim, 2012). Hence, a better understanding of what organic farming can mean
economically for farmers in developing countries is important (Jouzi et al. 2017).

Smallholder Farmers and Organic Yields

As discussed in past Section, yields obtained with organic production methods tend to be lower
than those in conventional agriculture. However, yield differences depend on the particular
context. In situations where most farmers have limited access to modern production technolo-
gies and apply low quantities of purchased inputs anyway, organic yields can be similar to
conventional ones (Beuchelt and Zeller 2011, Jena et al. 2017, Kramol et al. 2013, Parvathi
and Waibel 2016). This is not an untypical situation of smallholders in developing countries,
especially in Africa. With intensive training and a substantial increase in the use of organic
fertilizers, organic yields can even be significantly higher than those obtained from low-input
conventional farming (Bolwig et al. 2009, Ibanez and Blackman 2016, Wollni and Andersson
2014). Employing organic soil management practices can also reduce yield variability and vul-
nerability to drought and other weather extremes (Niggli 2015, Scialabba and Muller-Lin-
denlauf 2010). However, where modern inputs are available and more commonly used, organic
farmers typically have lower yields than conventional farmers. Yield gaps tend to increase dur-
ing the process of economic development (Valkila 2009).

Price Premiums

Most organic farmers in developing countries produce cash crops (e.qg, coffee, tea, cocoa, trop-
ical fruits) for export to rich countries, where consumers pay a significant price premium for
certified organic products (Raynolds 2004, Willer and Lernoud 2017). However, the price pre-
mium at the retail level is not necessarily reflected in the price that farmers receive for their
organic produce because various actors along the value chain also capture some of the benefits
(Minten et al. 2018). In some cases, prices received by organic farmers in developing countries
are not higher than those in conventional markets (Chiputwa et al. 2015, Parvathi and Waibel
2016). Nevertheless, most studies find that organic premiums at the farmer level range between
6% and 44% (Beuchelt and Zeller 2011, Bolwig et al. 2009, Ibanez and Blackman 2016, Jena
et al. 2017, Jones and Gibbon 2011, Kleemann et al. 2014, Mitiku et al. 2017 and Valkila
2009).

However, oftentimes organic smallholders do not sell all of their harvest in certified markets (
Jena et al. 2012, 2017; Kleemann et al. 2014). There are several reasons why they may decide
to sell some or all of their crops in conventional markets. First, sometimes the quality require-
ments of certified markets cannot be met (Bolwig et al. 2009 and Weber 2011). Second, there
can be situations when the farmer organizations lack the capacity to handle the large supply of
certified crops delivered by their members (Jena et al. 2012, Snider et al. 2017). Third, price
premiums vary and can be small during certain periods (Snider et al. 2017). Finally, even when
price premiums are more significant, selling in certified markets is often associated with pay-
ment delays. When facing urgent cash needs, organic farmers sell to local traders at lower
prices but in return for immediate cash (Bacon 2005, Beuchelt and Zeller 2011, Valkila 2009).
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Given these conditions and constraints, the average price that organic smallholders receive may
be lower than what the reported price premiums may suggest. (Eva-Marie et al. 2019).

Production Costs

In the small farm sector, certification fees and related administrative costs are typically cov-
ered by farmer cooperatives, exporters, or development organizations. However, meeting cer-
tification requirements is often associated with certain investment costs (e.g, new equipment)
that farmers have to bear individually (Kleemann et al. 2014). Also, organic certification in-
volves a three-year transition period, which can be understood as a sunk cost. During this tran-
sition period, farmers cannot yet benefit from an organic price premium, but yields are often
particularly low due to learning and experimentation with the new production methods (Cald-
well et al. 2014, Ruben and Fort 2012, Weber 2011).

Organic certification can also influence variable production costs. Although costs for chemical
inputs are saved, maintaining and increasing yields requires large quantities of organic material
(e.g, manure). The organic matter available at the farm itself may not suffice, so that additional
material has to be purchased (de Ponti et al. 2012). The cost can be substantial, especially when
local market supply of organic matter is limited ( Jena et al. 2017, Kloos and Renaud 2014).
Furthermore, organic farming is typically more labor intensive, as manual labor is needed for
weeding, application of organic fertilizers, and other operations (Valkila 2009). Consequently,
households have to hire additional labor or use more family labor (Beuchelt and Zeller 2011,
Kleemann et al. 2014, Ruben and Fort 2012).

Indirect Economic Benefits

In addition to possible price premiums, organic certification may also be associated with indi-
rect economic benefits. In developing countries, certified farmer organizations (or buyers) usu-
ally offer services, such as price information, training, credit, or value addition, to help farmers
meet certification requirements and produce the quality demanded in international organic mar-
kets (Bolwig et al. 2009, Jones and Gibbon 2011). As smallholder access to rural services is
generally low, such initiatives by certified organizations can improve the situation more
broadly and result in income gains (Mitiku et al. 2017, Parvathi and Waibel 2016). However,
the range and quality of services to be provided is not specified in organic standards, so the
relevance of such indirect benefits varies (Jena et al.2012 and Meemken et al.2017a). Collec-
tive marketing or contractual arrangements are also commonplace in smallholder organic value
chains. Such arrangements can be beneficial for farmers irrespective of organic certifica-
tion(Bellemare 2012, Fischer and Qaim 2012).

Overall Profitability and Income

The previous subsections showed that yields, prices, and production costs in organic farming
are highly context specific. As a result, studies come to different conclusions regarding the
overall profitability of organic certification. Some studies find that the price premium is insuf-
ficient to compensate for lower yields and/or higher production costs (Barham and Weber 2012,
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Ibanez and Blackman 2016, Mitiku et al. 2017). Other studies suggest that organic certification
contributes to higher profitability in the small farm sector (Bolwig et al. 2009, Kleemann and
Abdulai 2013, Kleemann et al. 2014).

We conclude that the profit effects of organic farming are less clear cut in developing countries
than what the global meta-analysis of Crowder and Reganold (2015) suggests. However, a
narrow focus on the profits from one certified crop alone may yield an incomplete picture of
the overall economic impacts of organic farming. This is especially true in the small farm sec-
tor, where households usually engage in multiple farm and off-farm activities. For instance,
when households decide to allocate land, labor, and capital to organic production, the income
from other economic activities may also be affected through resource reallocation and other
types of spillovers. Several studies have analyzed the effects of organic certification on total
household income, thus implicitly capturing spillovers. Again, the results are mixed and con-
text specific. While some studies suggest that organic certification has no effect or even nega-
tive effects on income and the likelihood to be poor (Barham and Weber 2012, Beuchelt and
Zeller 2011, Chiputwa et al. 2015, Jena et al. 2017, Mitiku et al. 2017, Valkila 2009), others
find exactly the opposite (Ayuya et al. 2015, Jones and Gibbon 2011, Kleemann and Abdulai
2013).

Broader Social Development Goals

Unlike other sustainability standards, such as Fair-trade, most organic standards do not include
specific certification requirements related to social issues, such as child labor or gender equality
(Meemken and Qaim 2018, Seufert et al. 2017). Nevertheless, studies suggest that organic
certification can affect social outcomes in positive and negative ways. If it improves income,
organic certification may enable households to make beneficial investments in human capital
formation. For instance, Gitter et al. (2012) show that double organic-Fair trade certification
has a positive effect on child education in Mexico. Such investments in better child education
are unlikely to occur in the absence of income gains, as Meemken et al. (2017a) show with
data from organic coffee producers in Uganda. Several studies have also analyzed nutrition
effects, suggesting that organic certification helps to improve food security and dietary quality
in farming households (Becchetti et al. 2012, Chiputwa and Qaim 2016, Meemken et al.
2017a).

Positive effects on dietary diversity can even occur in the absence of income gains (Meemken
et al. 2017a). One reason is greater production diversity on organic farms, which is known to
affect household dietary diversity through the subsistence pathway (Sibhatu et al. 2015). Or-
ganic farming can also reduce occupational health hazards, as farmers and farm workers are
less exposed to chemical pesticides (Asfaw et al. 2010, Forman and Silverstein 2012, Shreck
et al. 2006). The ban of chemical pesticides can also have interesting gender implications. On
the one hand, pesticide bans can increase women’s workload, as women are often heavily in-
volved in labor-intensive activities such as weeding (Bolwig 2012, Lyon et al. 2010). On the
other hand, pesticide-free production can promote women’s participation in cash cropping
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(Kloos and Renaud 2014). The reason is that the handling of pesticides is primarily considered
a male task in many parts of Africa and Asia. More generally, organic certification can have
effects on labor markets and employment conditions in the farming sector and also further
downstream (Taheri et al. 2017). Such effects are not yet sufficiently understood.

CONCLUSION

Many rich-country consumers consider organic foods to be healthier and organic agriculture to
be more environmentally friendly than conventional farming methods. These perceived bene-
fits are influencing food and agricultural policies. Sometimes organic farming is promoted as
the paradigm for sustainable agriculture and food security. In this article, we have reviewed the
available literature about the economic, social, environmental, and health effects of organic
agriculture from a global to local perspective. Although some studies show differences between
the chemical composition of organic and conventional foods, In terms of environmental and
climate effects, organic farming is less polluting than conventional farming when the effects
are measured per unit of land but not when measured per unit of output. As the demand for
food and agricultural products is high and growing, expressing environmental and climate ef-
fects per unit of output seems more relevant from a global point of view.

The reason why organic farming is more environmentally friendly than conventional farming
per unit of land but not per unit of output is the lower average yield obtained with organic
agriculture. Currently observed yield gaps between organic and conventional methods might
further increase if a larger number of farmers would switch to organic practices. This is espe-
cially true in developing countries, where smallholder farmers tend to have relatively low levels
of education and limited access to agricultural training. Expanding agricultural production fur-
ther into natural habitats would lead to additional GHG emissions and loss in biodiversity.
Depending on the context, such indirect land-use change effects could outweigh the positive
environmental effects of organic farming per unit of land.

There is a need to encourage the research on organic farming and try to evaluate the potential
of different organic production. So far only fewer efforts have been made using organic pro-
duction. Continued research would help to strengthen this review, especially if the scope was
expanded to the south west Ethiopia as a whole .More intense research in this direction is es-
sential in the development of organic farming. Also, more efforts need to be done by agricul-
turists, scientists, NGOs and government to work together for successively this through organic
farming and eco-friendly approaches.
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