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Abstract

The aim of this article is to provide information about crop production data based on large-scale organic farming and to point
toward major consequences. National statistics show lower organic yields than compiled in meta-analyses from farm- and
plot-scale. Yields of organically cropped legumes were 20% and nonlegumes 40% lower than those of conventionally grown
crops. Area estimates showed that almost two of three crops were legumes or legume mixtures in organic farming, whereas
one of three crops was a legume in conventional cropping. Doubling land use for legumes in organic farming affected the type
of food produced, being dominated by milk products and red meat. Over all crops, the organic yield gap was 35%. Since yields
are lower under organic than conventional practices, more land is required to produce the same amount of agricultural
crops. A 35% yield gap means that 50% more arable land is required. A demand for 50% more farmland imposes huge land
use changes and makes one realize the wide-ranging environmental consequences that follow when converting to organic
farming. In a relevant comparison between organic and conventional cropping systems, environmental consequences caused
by land use change such as lost products (timber, fiber, energy, etc.) and lost ecosystem services (sequestered carbon in soil,
wildlife, biodiversity, etc.) must be included. The concept of organic farming was founded on philosophical views about
nature, not biological science. Natural means and methods were assumed to be superior. Verification of the reasoning and
statements of the founders on why to abandon mineral fertilizers cannot be corroborated by science and is incorrect.
Scientific evidence for the concept to abandon synthetic mineral fertilizers as nutrients for crops is lacking. The scientific
community is obliged to follow rigorous scientific criteria—not biased views, prejudices, or beliefs.
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Introduction and Badgley et al. (2007) estimated a 20% yield reduction
by organic compared to conventional farming. Similar
comparisons using ratios of organic over conventional
crop yields have been used by Seufert et al. (2012) and
de Ponti et al. (2012). A recent estimate by Ponisio et al.
(2015) showed that yield gaps apparently approach insig-
nificance when organic agriculture is intensified.

The mistake of these meta-analyses has been to assume
that individual crop-by-crop yield ratios are an estimate of
the productivity of systems (Connor, 2013). The productiv-
ity of cropping systems is derived from the sum of yields of
all crops grown over several years, an estimate not obtained
from crop-by-crop of organic and conventional yield ratios
used in meta-analyses. For example, years in organic rota-
tions with green-manure crops not harvested reduce

Organic farming has been attributed with many positive
features of food production—superior food quality free
from pesticides, low emissions of greenhouse gases, effi-
cient energy use, insignificant nutrient leaching, high bio-
diversity, and sufficient and sustainable food production.
The underlying idea has been that as organic farming
applies only natural means and methods, high food quality
and good environmental stewardship are for granted out-
comes. This view has recently been modified by unbiased
reviews identifying the limitations of organic crop produc-
tion (e.g. Kirchmann and Bergstrom, 2008; Kirchmann
et al., 2016a; Shorrocks, 2017). In this article, national
statistical data of organic crop production of Sweden were
presented and environmental consequences and reflections
about the idea of organic farming highlighted.
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production. Frequent growth of legumes in organic systems
for biological N fixation reduce total crop production as
many legumes typically have lower yields than fertilized
nonlegumes. If different crops are grown in organic and
conventional rotation, crop-by-crop yield ratios are not a
representative measure of productivity.

Furthermore, crop yields are largely determined by
nutrient input to farms, simply “you get out what you put
in” (Goulding, 2007). A common practice is to use con-
ventional products as the nutrient source certified for
organic farming (Oelofse et al., 2013). For example, nutri-
ent inflow through organic materials to 63 organic farms
in France—animal manures, organic fertilizers, feedstuff,
and straw—accounted for 23% of N, 53% of P, and 73%
of K of total input (Nowak et al., 2013a, 2013b). Reliance
of organic yields on nutrient input derived from conven-
tional agriculture has not been considered in crop-by-crop
yield ratios.

The shortcomings of the production estimates were
summarized by Kirchmann et al. (2016b) as follows:
(1) to omit more frequent cultivation of legumes in organic
rotations which reduces overall productivity, (2) to exclude
years without harvest due to green manuring, and (3) to
ignore import of nutrients to organic from conventional
agriculture.

Organic yields derived from national
statistics are lower than for
farm- or plot-scale

Few European countries include organic yields in their
agricultural statistics, Sweden being an exception (SCB,
2017a, 2017b, 2017¢) providing data since 2004. In 2016,
about 14% (368,800 ha) of Swedish arable land (2,579,600
ha) had been converted into organic farming (SCB, 2017b).
Statistics provide crop-by-crop yield ratios and information
about the area of land used for crops. Still, information
about land used for green manuring, fallowing, and minor
crops is not included.

Grouping crops showed that yield gaps amounted to
60% for nonlegumes and 80% for legume/legume mix-
tures (Table 1). Over all crops corrected for cropping
area, organic yields were 35% lower. One of the main
reasons identified as to why organic yields are lower is
lower nutrient supply (e.g. Berry et al., 2002; Kirchmann
et al.,, 2007). Legumes and legume mixtures caused the
smallest yield gap, which may explain why organic
farming was dominated by legume crops, grown on
61.2% of organically cultivated land (Table 1). The
equivalent figure for conventionally grown legume crops
was 32%. Statistics revealed that legume and legume
mixtures were almost exclusively used as fodder mainly
in ruminant systems being the dominating form of
organic agriculture in Sweden.

Considering legumes being the primary source for the N
supply of nonlegumes in organic rotations, the number of
legumes can greatly affect yield levels of nonlegumes.
From statistical data in Table 1, an arbitrary relationship

between the percentage of legumes in rotations and organic
yield gaps can be derived using the yield ratio of 0.80 for
legumes, and a mean area corrected yield ratio of 0.65
when 62% of organically grown crops were legumes.
Extrapolating data indicated that reducing legumes to
50%, that is, growing legumes every second year in organic
rotations, would increase the mean yield gap to 40% com-
pared to conventional cropping.

In meta-analyses based on farm- and plot-scale data,
smaller organic yield gaps were reported than in agri-
cultural statistics from large-scale farming (Table 1).
Suggestions are that pressure of weeds and pests
increase when large neighboring areas are managed
organically (Leifeld, 2016) and/or that the supply of
organic fertilizers derived from conventional agriculture
becomes limited and more expensive.

Organic farming requires at least 50%
more arable land to fill the production gap

The yield gap that emerges with conversion from conven-
tional to organic farming will require a land use change and
an expansion of arable land as pointed out in recent paper
(e.g. Connor, 2018; Muller et al. 2017; Searchinger et al.
2018). Based on Swedish statistical data, the condition to
compensate for a 35% yield gap would mean increasing the
arable land by about 50% (note not 35%) (Figure 1).
Increasing arable land for organic production prerequisites
land use change.

One of the most important challenges facing society
today is how to feed an expected population of some
9 billion by the middle of the 20th century (Pretty et al.,
2010). When Borlaug and Dowswell (1994) wrote that
“growing less food per acre leaving less land for nature,”
their concern was to conserve natural land, wild life, and
biodiversity by increasing crop yields on existing arable
land. Today, there is a general awareness that arable land
is a relative finite global resource (e.g. Alexandratos and
Bruinsma, 2012; Lambin, 2012).

Environmental evaluations of organic
farming must include yield level and
demand for more arable land

Comparative studies of conventional and organic systems
focusing on emissions commonly relate rates to the area of
land cropped. Such studies showed that, for example,
leaching losses from organic fields can be both higher or
lower compared to conventional fields (Kirchmann and
Bergstrom, 2001). The same was true for greenhouse gas
emissions (e.g. Flessa et al., 2002; Leifeld et al., 2013).
Losses to the environment depend on the intensity and
efficiency of cropping. Extensive organic farming could
result in less nutrient losses than more intensive conven-
tional farming (e.g. Drinkwater et al., 1998; Korsaeth and
Eltun, 2000).

Expressing emissions per area disregards whether it is
a high- or low-yielding cropping system. It is apparent
that systems with low emissions would be ranked
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Table I. Organic over conventional crop yield ratios and arable land allocated to different crops in Sweden in 2016.*

Organic/conventional

Arable land allocated to different crops

Organic arable land

Conventional arable

Type of crop and land use yield ratio (368,800 ha; %) land (2,210,800 ha; %)
Nonlegumes
Winter wheat 0.58 23,160 351,220
Spring wheat 0.60 12,460 62,430
Rye 0.53 2140 14,470
Winter barley 0.57 400 18,680
Spring barley 0.62 18,950 280,930
Oat 0.66 33,330 139,590
Triticale 0.67 4060 26,200
Maize — 120 1660
Failed cereal harvest — 630 2900
0.60 mean > 89,600 242 > 928,400 42.0
Winter oil seed rape 0.71 5370 78,050
Other oil seed crops 0.6l 1040 16,650
Failed oil seed harvest — 120 850
0.66 mean >"6530 1.8 >°95,550 43
Food potato 0.64 1680 15,630
Starch potato — 3 2900
Failed potato harvest — 10 130
0.64 mean >"1690 0.5 >"18,660 0.8
Sugar beet — — 30,700 1.3
Legume/legume mixture
Pea 0.72 3240 21,970
Bean 0.79 10,710 19,170
Failed harvest pea — 70 270
Failed harvest bean — 60 140
0.76 mean > 14,080 3.8 >"41,550 1.9
Grass clover forage 0.85 183,120 622,340
Green legume forage 0.73 5120 13,310
Grain-legume forage 0.74 7090 7,180
Green cereal-legume forage 0.88 16,560 23,140
0.80 mean >°211,890 574 >"665,970 30.1

?Certain crops (vegetables, energy forest, etc.), green-manured and fallowed land were not included. Data derived from agricultural statistics of Sweden

(SCB, 20172, 2017b, 2017c).

Note: Bold figures refer to an area-corrected mean yield ratio of a group of crops.

<> Yield + Yield
65 15
Arable Arable Arable
land > land + [ land
1ha 1ha 0.54 ha
Conventional Organic production
production

Figure |. An illustration demonstrating the demand for more
arable land when converting conventional to lower yielding
organic farming. Relative figures relate to a yield gap of 35%. Note
that the additional arable land needed is larger the yield gap of 35%
because the extra land also produces a lower yield equivalent to
65% of conventional cropping.

environmentally superior. Given the fact that organic and
conventional cropping system differ in production level,
the expression per area must be complemented. Expressing
emissions per unit product provides a representative mea-
sure of environmental impact of crop production. Low
emissions per area can result in high emissions per product
(Figure 2).

Considering emissions per yield is still an arbitrary
comparison of systems. The need for more organic arable
land to produce the same amount of crop requires full
attention on the comparison between organic and conven-
tional cropping systems. Consequences of land use
change—converting forests, grassland, or wetland into
arable land—result in lost products (timber, fiber, energy,
etc.) and lost ecosystem services (sequestered carbon in
soil, wildlife, biodiversity, etc.) (Figure 3). Such drastic
measures are often of greater environmental significance
than differences at the field level. Consequently, the pro-
environmental profile of organic farming becomes uncer-
tain when consequences of land use change are included
in organic system evaluations.
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The view on nature determines reasoning
about organic farming

Nature’s beauty and magnificence often determines our
view and reasoning about nature including our opinion
about organic farming. If one assumes nature to be the most
ideal system, natural means and methods are considered to
be superior, and consequently organic agricultural practices
are favored. An idealistic belief in the superiority and
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Figure 2. Gaseous emissions expressed as CO, equivalents
(including CO,, N,O, and CHy,) for winter wheat from a com-
parative organic and conventional field study. Data from Flessa
et al. (2002). Mean organic wheat production was 3.0 Mg (yield
ratio 0.54) and mean conventional 5.6 Mg ha~'.CO,: carbon
dioxide; N,O: nitrous oxide; CH,4: methane.

goodness of nature is often one root cause as to why one
prefers natural products and methods. A personal valuation
of nature seen as more ideal than man-made systems can be
a strong motivation to argue for organic farming. Also the
initiators of organic farming methods were convinced that
nature is our master and therefore abandoned synthetic
fertilizers and pesticides.

Organic food is often preferred as it is assumed to be
natural and toxin-free, whereas conventional food is con-
sidered less healthy due to toxic pesticides, and so on. If
asked why one prefers organic over conventional food, the
answer can be that natural products represent excellent
quality, and natural methods are a guarantee for a better
environment. Again, naturalness is considered a prerequi-
site for sound food production. Typically, risks of nature’s
chemicals are often overlooked, although science teaches
us that all food can contain wanted and unwanted com-
pounds formed in nature. For example, toxicity of second-
ary compounds formed in crops can be much higher than
that of synthetic pesticides (Ames, 1983; Ames et al.,
1990a, 1990b; Shorrocks, 2017).

Nature’s beauty and magnificence is a half-truth and
crude measure. Detailed research and reductive science
distinguishes between wanted and unwanted characteristics
of nature and educates us about possibilities, limitations,
and risks. Science corrects a one-sided, ideal, and romantic
view on nature by comprehending nature’s pros and cons.
An insight that natural means and methods are insufficient
to support civilization is the way forward.

Concluding remarks

Sufficient food supply is a cornerstone of human welfare,
and lack of food is a tragedy leading not only to suffering
and loss of life but also to inhuman behavior, political

Other
products
Crops e.g. timber Crops Crops
Conventional borest Organic Add|t|o!1;1|
arable land 4 | grassland <> arable land organic
wetland srable
etc. land
Ecosystem
services
e.g. carbon
sequestration

Figure 3. The areal comparison of Figure | was extended to illustrate the full consequences of converting natural ecosystems into
arable land to compensate for yield gaps by organic crop production. The environmental consequences can include lost products
(timber, fiber, energy, etc.) and loss of ecosystem services (sequestered carbon in soil, wildlife, biodiversity, etc.).
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instability, and war (Borlaug, 1970). Data from large-scale
organic farming (national statistics) indicate that to meet
food demand, at least 50% more land needs to be trans-
formed into arable land when converting to organic agri-
culture. More extensive production is not a true option to
reduce the environmental impact of agriculture. In order to
achieve full stomachs, clean water, clean air, and preserve
natural land, more intense and improved farming methods
on existing arable land must be developed. To save natural
land is a great act of environmental protection.

Why am I so outspoken about organic farming? There is
a bias in the concept of organic farming. The philosopher
Dr Steiner, initiator of biodynamic farming, tutored that
food products will degenerate through the use of mineral
fertilizers to such an extent that these cannot be used as
food for humans any more within this century (Steiner,
1924). The agronomist Lady E. Balfour, founder of the Soil
Association, stated that artificial fertilizers speed up the
rate at which soil organic matter is exhausted (Balfour,
1943). The medical doctor H-P. Rusch, initiator of biolo-
gical-organic farming, wrote that mineral fertilizer is not a
normal, physiological adapted and natural form of plant
nutrition degenerating food quality (Rusch, 1978). Analyz-
ing the original reasons why to abandon mineral fertilizers
using relevant scientific literature showed that the state-
ments of the initiators have been proved wrong (Kirchmann
and Bergstrom, 2008). The belief of Steiner that mineral
fertilizers significantly decrease food quality could not be
proved, the opinion of Balfour about accelerated humus
decline through mineral fertilizers was false, and the state-
ment of Rusch was refuted as mineral fertilizers can be
used as a crop-adapted, balanced, and quality improving
nutrient source.

There is no scientific evidence for the validity of the
concept to exclude mineral fertilizer for crop nutrition
(Kirchmann and Bergstrom, 2008). However, if theories
or concepts despite falsification are not rejected, the prin-
cipal of science is ignored (Popper, 1959), and concepts
become articles of faith or doctrines. Rejection of mineral
fertilizers is often treated as a doctrine and background,
motivation and proof is seldom asked for.
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