FCRNfoodsource
A free and evolving resource to empower informed
discussion on sustainable food systems

Building Block
Soy: food, feed, and land use
change

Foodsource is supported by: Fondation Daniel & Nina Carasso — The Oxford Martin School

Foodsource Building Block. Soy: food, feed, and land use change

Suggested citation
Fraanje, W. & Garnett, T. (2020). Soy: food, feed, and land use change.
(Foodsource: Building Blocks). Food Climate Research Network,
University of Oxford.

Written by
Walter Fraanje, Food Climate Research Network, University of Oxford
Tara Garnett, Food Climate Research Network, University of Oxford

Edited by
Helen Breewood, Food Climate Research Network, University of Oxford

Reviewed by
·

Dr Erasmus zu Ermgassen, Earth and Life Institute, the Catholic
University of Leuven

·

Dr Florian Gollnow, National Socio-Environmental Synthesis Center,
University of Maryland

·

Mollie Gupta, Forest Commodities Manager, World Wildlife Fund,
United Kingdom

·

Professor Mike Hamm, Center for Regional Food Systems, Michigan
State University

·

Barbara Kuepper, Senior researcher Sustainable Supply Chains,
Profundo

Reviewing and advising do not constitute an endorsement. Final editorial
decisions, including any remaining inaccuracies and errors, are the sole
responsibility of the Food Climate Research Network.

Funded by
The Daniel and Nina Carasso Foundation
The Oxford Martin School
The Wellcome Trust, Our Planet Our Health (Livestock, Environment and
People - LEAP), award number 205212/Z/16/Z.

Cover
Cover picture by Alex Norris via Pixabay.
The FCRN is based at the
Environmental Change Institute
at the University of Oxford and
receives generous funding from
a range of supporters.
For more details see:
http://fcrn.org.uk/about/
supporters-funding-policy
Food Climate Research Network,
Environmental Change Institute,
University of Oxford
Tel: +44 (0)20 7686 2687

©

2020

2

Foodsource Building Block. Soy: food, feed, and land use change

Contents
Why should you read this building block?

4

1. Introduction

4

2. Basic facts and figures on soy

5

3. What has driven the global increase in soy production?

8

4. Soybean production and deforestation in South America

9

4.1 Is soy a driver of land use change in South America?

10

4.2 What drives soy expansion in South America?

10

4.3 Mitigation of soy-related land use change

11

5. What does this mean for discussions about animal- and plantbased protein sources?

14

Recommended resources

15

Definitions15
References18

©

2020

3

Foodsource Building Block. Soy: food, feed, and land use change
GO TO
CONTENTS

Why should you read this building block?
The global growth in the production of soy and its use for different types of foods has been, and
continues to be, a major contributor to land use change in the Amazon and other regions in South
America.
This building block explores the connections between soy, land use change, and discussions on
animal- versus plant-based protein sources.

1. Introduction
Over recent decades, the global production and consumption of soy have greatly increased (Figure
1). Soy is now one of the most widely grown crops in the world (the sixth by production volume and
the fourth by both production area and economic value1,2), but there is much concern about the
sustainability of soy production, in particular because of its links to deforestation and loss of native
vegetation in the Amazon and other areas of South America. While soy is often seen as a valuable
source of protein in plant-based diets, most soy (around 75% measured by weight) is currently fed to
animals in livestock production systems. By weight, over two thirds of the soy consumed by humans
consists of soy oil, which is also increasingly used as a biofuel.
This building block explores the linkages between soy, land use change, and discussions on animalversus plant-based protein sources.
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Figure 1: The global production volume of soybean and the volumes used for crushing and as a whole bean food or feed
between 1964 and 2019. Figure by FCRN, data from USDA PSD3.
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2. Basic facts and figures on soy
Soy has been cultivated since ancient times in Asia but it is only during the last century that its
production has spread across the world, fostered by the breeding of cultivars that are suited to
different climatic conditions4.
The three largest producers of soy (by weight and production area) are the US, Brazil and
Argentina (Figure 2); in 2018-19, these countries were jointly responsible for about 82% of global
soy production3. While the US has been a leading soy producer since the 1940s1,5, South America’s
share has increased enormously in recent decades: Brazil, Argentina and Paraguay alone are now
responsible for almost 50% of the global soy production volume, up from less than 3% in the 1960s1,6.
USDA projections for 2019-20 show Brazil becoming the world’s largest soy producer.
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Figure 2: Soybean production in megatonnes per country in 2018-19. Figure by FCRN, data from USDA PSD3.

The growth of soybean has been driven by the demand for soy for crushing (Figure 1). Whole
soybeans are crushed to separate oil (about 20% by weight) and cake (about 80% by weight). The
protein-rich cake is an important animal feed ingredient, accounting for around 70% of the global
production of protein meals7,8. Soybean is unusually rich in fat for a legume. Soy oil accounts for over
25% of global vegetable oil production (second only to palm oil)7 and is mainly used in industrial
food manufacturing and as a biofuel. Soybeans that are not crushed are either used as a whole bean
feed for animals or to produce foods for human consumption, such as tofu, edamame and soymilk.
Because it is high in protein, soy is often viewed by advocates of more plant-based diets as a
potentially important component of a sustainable food system. Soy contains more protein than many
other grains and legumes (around 40% of its dry matter weight versus 20-30% for chickpeas or
lentils16,17), while the amount of protein in cooked soybean (around 19%) is comparable to that in nuts
(15-20%) and only slightly lower than that in cooked chicken or pork meat (25-35% depending on the
cut)16,17.

©

2020

5

Foodsource Building Block. Soy: food, feed, and land use change
GO TO
CONTENTS

What is soy being used for?
According to USDA estimates, 87% of the global soy output is processed into soy oil and soy cake,
with the latter used almost entirely as an animal feed (see Figure 3). Only 6% of global soy output
is used for foods for human consumption that are produced from whole soybeans (e.g. edamame
beans, tofu, soymilk, soy sauce, or tempeh) and another 7% is used as a whole-bean animal feed.

Figure 3: An estimation of the uses of soybean and soybean derivatives by weight. Blue rectangles refer to human food
use, green to processing, orange to animal feed use, and grey to industrial uses. All percentages except for those in italics
are based on 2018-2019 data from the USDA3. The percentages shown in italics are based on 2017-2018 expert estimations
from the United Soybean Board9. The use of soy oil for biodiesel was estimated by combining USB estimations with data
from USDA biofuel annuals10–15. Figure by FCRN.

The 87% of soy used for processing is first crushed to separate crude soy oil from defatted soy
cake. Soy oil is mostly used in commercial food manufacture (80%) where it is used as a vegetable
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oil or further processed into other products such as soy lecithin (an emulsifier and lubricant).
The remainder is almost entirely used for biodiesel (estimated at 18%) – mostly by the US, Brazil,
Argentina, and the EU. The use of soy oil for biofuel is increasing (Figure 4).
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Figure 4: The different uses of soybean oil over the period 1964 - 2019, globally. The industry-category is almost entirely
covered by biofuel. Figure by FCRN, data from the USDA PSD3.

99% of soy cake is used as an animal feed ingredient (see Figure 3 and 5) – mostly in pig and
poultry farming (respectively 29% and 53%), but also in aquaculture (8%) and dairy farming (2%).
Less than 1% of soy cake is used for human consumption. This is further processed into protein-rich
food ingredients such as textured vegetable protein. Because of its high protein content and meaty
texture, textured soy protein is often used in products such as vegetable burgers.
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Figure 5: The different uses of soybean cake over the period 1964 - 2019, globally. Figure by FCRN, data from the USDA
PSD3.
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The quality of that protein is also good: unlike most other plants, soy contains considerable amounts
of all the nine amino acids that are essential to humans but which the human body cannot make, and
the digestibility of this protein is also high (i.e. the human body is able to take up and use it). Many
plants, including raw soybeans, contain antinutritional factors that impede nutrient uptakes but in
the case of soy most of these are broken down when they are cooked18–20. Depending on the protein
quality evaluation method that is used, soy scores similarly to animal-based protein sources21–23.
An added benefit of soy is that, being a legume, it can fix nitrogen from the atmosphere via its root
system’s symbiotic relationship with nitrogen-fixating soil bacteria. As with other leguminous plants,
because of this ability to biologically fix its own nitrogen, soy can grow on relatively poor soils and is
less fertiliser-dependent than many other crops: the global average nitrogen fertiliser application rate
for soybean is 4 kg/t yield, compared to 26 kg/t for wheat and 18 kg/t for maize1,24.

3. What has driven the global increase in soy
production?
The growth of soy and its use for crushing has, historically, been driven by several factors. Soy –
like many other cereals and oilseeds – is suited to large-scale and mechanised production, and its
non-perishable nature allows it to be farmed in remote locations and then traded on the global
commodity market. The 1996 introduction of glyphosate-tolerant genetically modified (GM) soy
facilitated further reductions in labour and machinery inputs through the combination of broad
spectrum herbicides (e.g. Roundup) and zero-tillage farming25. The combination of glyphosate and
GM soy has also aided the expansion of soy onto (degraded) pastures and other areas with native
vegetation where weed levels are high25.
In the first half of the 20th century, US farmers and plant scientists found that soy cake made an
excellent protein ingredient for compound feed, used to increase livestock productivity5,26,27. The oil
derived from crushing soybeans catered to food manufacturing industry’s emerging demand for
vegetable oil5. During the late 1990s and early 2000s, the livestock sector’s use of soy cake was
further boosted by the ban on the feed use of bone meal following the outbreak of BSE. This fuelled
the sector’s need for cheap plant proteins28.
There is some discussion as to the extent to which increases in the production of soy have been
driven by the demand for animal feed or food for human consumption29–31. On a weight basis, most of
the global soy output is used for animal feed (about 75%); much less is used for human consumption
as either whole beans, meal or oil (20%) and biofuel or other industrial purposes (5%)9. The growth in
the production of soy and its use for crushing also mirrors the strong increase in animal production
(especially pig and poultry – see Figure 6) since the 1960s27,32,33.
An argument could be made, however, that increases in the production of soy have primarily been
driven not by the demand for animal feed, but by the demand for soy oil for human consumption.
One might view soy cake as only a by-product of the production of soy oil, as its economic value is
much lower (a kilogram of soy oil is about twice the value of a kilogram of soy cake). However, since
the crushing of soybeans produces much less oil (20% by weight) than cake (80%), only a third of
the overall value of a kilogram crushed soybeans is derived from the oil, as compared with two thirds
from the cake8,31. Soy oil is also one of the cheapest vegetable oils on the commodity market, whereas
soy cake is the most valuable of all oilseed cakes due to its favourable amino acid profile and the low
levels of anti-nutritive compounds it contains after heat treatment34,35.
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Figure 6: Increases in global meat production from 1961 - 2017. Figure by FCRN, data from FAOSTAT33.

It is therefore likely that the growth in soy production has primarily been driven by the demand of
soy cake for feed, and hence by the growing demand for animal-based products. However, because
the oil and the cake originate from the same bean, there is a mutual and economically convenient
dependency between their uses. The rapid expansion of soy and its use for feed is therefore likely to
have been facilitated by concurrent increases in the demand for vegetable oil31.

4. Soybean production and deforestation in
South America
The vast increase in South America’s soy output is a consequence both of increases in yield (i.e.
productivity) and in the area planted with soy. However, the latter is far more significant than the
former: while soybean yields have multiplied about 2.5 to 3 times since the early 1960s, the amount
of land used to grow soy in South America increased by more than 200 times from 0.26 Mha in
1961 to 57.08 Mha in 20171. This has been, and continues to be, an important cause of loss of native
vegetation.
Historically, most attention has been paid to deforestation in the Brazilian Amazon36,37, but there
is increasing concern about land use change in other areas such as the Brazilian Cerrado and the
Gran Chaco region in Argentina and Paraguay (Figure 7). While the savannas and woodlands of the
Cerrado and Gran Chaco are less protected by legislation on deforestation, they too support high
biodiversity levels, are major carbon sinks, and provide important ecosystem services (e.g. the
Cerrado and parts of the Gran Chaco are home to one of the largest aquifers on earth)6,38–41.
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Figure 7: Map of South America showing the Amazon (light green), the Cerrado (green) and the Gran Chaco (dark green)
regions. Reproduced with permission from WWF, 201842.

4.1 Is soy a driver of land use change in South America?
In a direct sense, soy expansion in Brazil, Argentina and Paraguay is responsible for only a part of
the total loss of native vegetation6,43–45. A common pattern, however, is that land is first cleared for
cattle ranching and shortly afterwards sold or rented out at a higher price for more lucrative soy
production6,43–46. Soy expansion, accordingly, may indirectly bring about land use change by ‘pushing’
cattle ranching into frontier areas6,47–49. The arrival of a high-value crop such as soy can also drive up
local land prices and thereby incentivise the clearing of surrounding land6.
A 2018 report by Trase6 estimated that 40% (1.8 Mha) and 20% (3.5 Mha) of the areas in the Amazon
and Cerrado, respectively, on which soy was grown in 2015, were still under native vegetation in
2000. In other words, in 15 years, these areas have gone from native vegetation to soy production,
irrespective of whether they were used for other purposes in the meantime. This figure does not
give a precise estimation of soy’s role as a driver of land use change, but it does indicate that the
transformation of land from native vegetation to soy production is a relatively rapid process that
occurs at a large scale, and shows that the demand for soy plays an important role.

4.2 What drives soy expansion in South America?
In line with the uses of soy globally (Figure 3), the greatest driver underlying the production
increase in South America is most likely the pig and poultry industry’s demand for soy cake,
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although it is given additional impetus by concurrent increases in the demand for soy oil by the food
manufacturing and biofuel industries (see section 3).
In the period 2000-2017, about 25% of the production volume of South American soy was used
domestically, while the EU and China were major export regions7,50,51. On a weight basis, most of
South America’s domestic soy was consumed as animal feed, but a considerable amount of the
animal products produced went for export (for instance, in 2017, respectively 30% and 10% of Brazil’s
chicken meat and pork production were for exports7). In 2017, roughly 33% of the South American
soy production volume went to China (mostly whole beans used for crushing – 64% of China’s total
soy imports) and 15% to Europe (mostly soy cake – 60% of its soy imports)1,51. As almost all South
American soy is GM52, it is unlikely that in the EU much of this is used for human food. The EU
requires that food labels list the use of authorised GM ingredients such as GM soy, the result of which
has been that little (but still some) GM soy is used for food in the EU.

4.3 Mitigation of soy-related land use change
The fact that much of the South American soy is exported to China and Europe where it is mostly
(measured by weight) used to produce pig and poultry products9, has triggered debate as to the
environmental impacts of these foods. In Europe, advocates for plant-based diets sometimes argue
that those who eat animal products bear responsibility for deforestation in the Amazon through their
consumption of pork, poultry, and – to lesser extent – dairy products. One of the arguments used in
support of this claim is that, in the EU, South American soy is an important animal feed but unlikely
to be used much for food (see section 4.2). The European feed industry, however, emphasises that
significant efforts are made to decouple soy production from deforestation in South America through
the Brazilian Soy Moratorium and various certification schemes. Critics argue that in fact these
efforts are in a very early stage as, so far, uptake of soy certification has been very low (about 22%
of the EU’s soy imports and roughly 0.2-6% worldwide is under some form of certification53,54), while
progress that has been made via the Soy Moratorium has been offset by land use change elsewhere.

4.3.1 The Soy Moratorium
The Soy Moratorium is an important measure aiming to limit further clearing of native vegetation
in the Brazilian Amazon. The Moratorium was established in 2006 after the NGO Greenpeace (one
of the Moratorium’s initiators) had released an influential report linking Amazonian deforestation to
three US traders and the European feed industry55. The Moratorium was signed by all soy traders who
are members of The Brazilian Association of the Vegetable Oil Industry (ABIOVE) or the Brazilian
Association of Cereal Exporters (ANEC); together these cover around 90% of the soy exports from
the Amazon. These signatories were joined in 2008 by the Brazilian Government56. Initially renewed
year by year, the Moratorium was extended in 2016 for an indefinite period.
Under the terms of the Moratorium, signatory traders commit to not purchase soy grown on Brazilian
Amazon lands cleared after a specified cut-off date. Initially, this date was set on July 2006, but
following on adjustments in Brazil’s new Forest Code (a piece of legislation on land management),
the reference date was changed to July 2008 in 201257. Importantly, the Moratorium only covers
deforestation that is directly linked to soy. There are cases where further deforestation in the Brazilian
Amazon is nevertheless compliant with the Forest Code since this allows farmers to clear up to
20% of their land holdings in the Amazon58. This kind of deforestation falls outside the scope of the
Moratorium provided that no soy is grown on the deforested lands.
Traders’ compliance with the Moratorium has been high, and the Moratorium has been credited
with reducing the rate of deforestation in the Amazon6,59. Estimations by Brazil’s space agency
INPE60, show that in the years after the introduction of the Moratorium, overall deforestation in the
Brazilian Amazon has fallen to about a third the rate before the Moratorium. Conservation scientists,
however, note that the Moratorium is likely to have contributed to only a part of this change, as direct
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deforestation for soy has ever accounted for only a part of overall deforestation6,56. That said, direct
deforestation for soy in the Amazon had reduced to nearly zero in 201439. Nonetheless, the overall
acreage under soy has increased significantly since the Moratorium, which has been possible by the
conversion of (pasture) land that had already been cleared39,56,57,61.
Since 2012, overall deforestation in the Amazon has risen again, though it remains at less than half
the rate before the Moratorium62. In the summer of 2019, deforestation levels were exceptionally high
due to an exceptional increase in forest fires60,63,64. While these increases in deforestation undermine
the progress that has been made since the early 2000s, the extent to which they are linked to soy
production is yet unclear.
It is important to note that the Moratorium covers only the Brazilian Amazon. Decreasing
deforestation in the Amazon is likely to have been offset by land use change for soy in other areas in
Brazil, Argentina and Paraguay38,65. In 2017, a group of Brazilian NGOs released the Cerrado Manifesto,
which calls for actions similar to the Amazon Soy Moratorium to be taken for the Cerrado. The
Cerrado Manifesto is supported by a wide range of actors from the private sector, including investors
and supermarket and fast food chains. Some of the largest soy traders, however, indicate their
opposition to a Cerrado moratorium by emphasising the contextual differences between the Amazon
and Cerrado. For example, they point out that a Cerrado Moratorium would likely create tensions
with local farmers who are in fact legally permitted to clear 65-80% of native vegetation on their land
holdings – this in comparison to the situation in the Amazon where they are only permitted to clear
20%56,58,66. In addition, in some of the Cerrado's traditional soy producing areas, fewer pastures are
located in the vicinity of existing soy farms, complicating the expansion of soy onto pastureland56,67.

4.3.2 Soy certification schemes
Certification schemes, such as those created by the RTRS and ProTerra, are an important way for
companies to ensure their supply chain is not linked to deforestation. However, increases in the
adoption of certification may not automatically result in less soy-related deforestation across the
entire sector. Unlike the Moratorium, certification schemes are not specific to a particular geographic
region. Most certified soy is destined for Europe; the Chinese market for certified soy is still very
small53.
Soy certification schemes differ by what land use change they allow under the scheme. The 2019
European Soy Monitor53, a report commissioned by the Sustainable Trade Initiative (IDH) and the
Dutch branch of the International Union for Conservation of Nature (IUCN NL), distinguishes two
types of certified soy:
·

Responsible soy is soy that is covered by one of 18 certification schemes that meet the European
Feed Manufacturer’s Federation’s (FEFAC) criteria for ‘responsible soy’. This includes the
requirement that soy should not be produced on land that was illegally deforested after cut-off
dates determined by national legislation (e.g. 2008 in Brazil’s national forest code). The European
soy monitor estimates that in 2017, 22% of all the soy used in the EU for feed was classed as
‘responsible’.

·

Deforestation-free soy refers to soy that is covered by one of eight schemes that the Dutch nonprofit Profundo68 has identified, in a report commission by IUCN, as prohibiting the clearing of any
type of native vegetation – whether or not deemed legal by national legislation – after a cut-off
date of 2008 or May 2009. The European soy monitor estimates that in 2017, 13% of the soy used
in the EU for feed was classed as ‘deforestation free’. The volume of responsible soy therefore
encompasses that of deforestation-free soy.

The difference between responsible and deforestation-free soy is critical. A 2019 IUCN report69
determined that the amount of land that can be cleared in compliance with national legislation on
deforestation would amount to 7 Mha in the Paraguayan Chaco, 10.5 Mha in Argentina, and 88 Mha
(± error margin of 6 Mha) in Brazil – around 10% of which is in the Amazon and 40-50% is in the
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Cerrado58,70 (in total this comes down to slightly less than the entire land area of the UK, Norway and
Sweden combined).

4.3.3 The limitations of certification
As yet, the global market share of certified soy is still small (estimates range from 0.2%54 to 6%53
depending on which schemes are included). A major part of current soy production area in South
America, however, is likely to meet the criteria for deforestation-free certification as 41.4 Mha was
already under soy production by 2008 (this grew to 57.1 Mha by 2017)1. Current uptake of certification
is especially low when seen in the light of sustainability targets such as the Amsterdam Declarations
(signed by seven European countries) which aim to halt deforestation driven by agricultural
commodity trade by no later than 2020. One reason for why the uptake of certification in soy is low
may be that the premiums paid to farmers are low71,72. In comparison to coffee or chocolate, upgrades
in soy production standards may also be less easily monetised because most soy consumption,
embedded as it is in foods such as chicken and pork, is ‘invisible’ to end-consumers61.
The low uptake of certification means that a trader with a share of deforestation-free soy of, say,
20-30% of its overall trade volume, could still be linked to relatively more deforestation than a trader
buying only uncertified soy, but from areas that have seen little recent deforestation. In line with this,
the 2018 Trase report6 and a later journal article56, found that zero-deforestation commitments made
by a number of European countries and several of the biggest soy traders have not yet reduced the
likely amount of deforestation to which their overall soy imports are linked.
Even if some countries were only to source deforestation-free soy, there is the risk of this being offset
by other countries simply sourcing more deforestation-linked soy. This is even more likely as many
of the largest soy traders supply to both regions with weaker and with stronger current preferences
for certified soy (e.g. China and the EU respectively). This is an important difference between soy
certification schemes and the Soy Moratorium, with the success of the latter likely to originate
from its comprehensiveness (its signatories are responsible for 90% of all the soy exports from the
Amazon).
A further limitation of certification in countering land use change is that compliance is easier to
achieve for farmers who farm in favourable locations (i.e. where land had already been cleared before
2008) whereas farmers who farm land that was cleared after 2008 are unlikely to join73.

4.3.4 International trade dynamics
International trade dynamics may affect sourcing patterns and thereby land use change.
Conservation scientists are concerned that the US-China trade war, which started in 2018, may cause
a surge of deforestation in Brazil49. In 2018, the United States introduced import tariffs on a range of
Chinese products, to which China responded by imposing tariffs on a range of US goods including
soy. Following this, China reduced its US soy imports from 29.6 Mt in 2017-2018 to 6.67 Mt in 20182019 while its Brazilian imports increased from 55.2 Mt to 65.9 Mt74,75. The EU more than doubled its
US imports over the same period (from 4.2 Mt to 9.6 Mt), while it lowered its Brazilian imports by
about 1 Mt76,77 – which therefore did not compensate for China’s increase.
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5. What does this mean for discussions about
animal- and plant-based protein sources?
There is broad consensus in the food sustainability movement on the need to prevent the further loss
of native vegetation in South America, but perspectives differ as to what changes regarding soy will
be needed.
Advocates for more plant-based diets and some supporters of ruminant farming tend to point out
that deforestation and land use change in South America can be ascribed to a higher demand for pig
and poultry products. It is important to note, however, that soy is not only used for animal feed, but
also in the production of processed foods – albeit to a far lesser extent. While South American soy
oil is mostly GM and therefore unlikely to be used by the European food industry, processed foods in
South America and China (amongst others) may contain Brazilian or Argentinian soy oil.
Initiatives to reduce deforestation, such as certification schemes and the Amazon Soy Moratorium,
have been embraced by the European pig and poultry industry. However, while these are important
first steps, they have not yet led to the decoupling of soy production from land use change in South
America. Globally, only 0.2-6% of the soy production volume is covered by some form of certification.
Furthermore, even were some countries to stop buying uncertified soy, this might not automatically
lead to a reduction in overall land use change. The knock-on effect of such a measure might be that
other countries simply increase their purchase of soy produced on recently cleared land. Another
possible way of reducing soy-related land use change is for the livestock sector to reduce its
dependency on soy by increasing its use of food waste, or by adopting alternative protein meals,
such as ones based on insects (e.g. the black soldier fly) or algae. Research into the feasibility and
environmental impacts of such alternatives is ongoing78,79.
Advocates for more plant-based diets argue that the soy that is currently fed to animals could also
be eaten by humans directly. By bypassing the animal, they point out, less soy would need to be
grown to produce the same amount of food and nutrients (e.g. kg protein). This could potentially
free up land for nature conservation. The amount of land that could potentially be freed up this way
depends on factors such as feed conversion rates and the quality of plant- versus animal-based
proteins (see our building block on feed-food competition) as well as on economic and political
factors which will determine how any land released actually ends up being used. A more fundamental
question, however, is whether it is possible to shift our consumption patterns away from eating pig
and poultry products towards alternatives – whether based on soy, algae, insects or anything else.
Pertaining to soy, it is important to consider what soy foods people may be willing to consume
in different regions of the world, and the soy varieties required to make them. All soy is edible by
humans in principle, but, in practice, the food industry uses soy cultivars with specific properties
(e.g. colour, size, taste or protein content) for whole bean-based foods such as tofu, tempeh and
soymilk80–83. The use of regular commodity soy could affect the taste and appearance of the food
products52, and potentially make them more difficult to sell. As yet, research into the acceptability of
commodity soy for human consumption is lacking. While land currently used to grow commodity soy
might be used to farm food-grade soy, this conversion may not work equally well depending on the
context (e.g. climate) and cultivars. Whereas the soy used for tofu and soymilk provides yield levels
similar to commodity soy, edamame soybeans are farmed at lower crop densities and require more
energy and labour during crop handling, harvesting, storage and transport83,85. That said, this would
likely be outweighed by efficiency increases in the provision of nutrients (e.g. amount of inputs used
per kg protein) since the soy is being consumed by humans directly, i.e. without the intermediate step
of animal production.
Another way forward is to use the oil and cake derived from crushing commodity soybeans to
produce processed foods and meat alternatives. Currently, less than 1% of all soy cake is used
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for food, for example in plant-based burgers with textured soy protein as their main ingredient.
(Note that most soy cake is of GM origin and may not be approved for food use everywhere.) The
use of soy cake for food links soy to discussions about ultra-processed foods (UPFs) and their
health impacts. Fundamentally, this debate concerns different perspectives on the role of the food
industry in determining what it is we eat. To critics of UPFs, the use of soy cake for food instead of
for feed does not address the way the globalised food system is operated and controlled by large
multinationals that foster the monocultural production of GM soy on deforested lands, all of which
results in the manufacturing of foods they consider to be unhealthy, whether processed meats or
plant-based UPFs.
Discussions on the environmental impacts of soy and its links to land use change, accordingly, centre
on three interrelated questions that are at the heart of the wider debate on food, sustainability, and
future protein sources:
·

Is it possible or necessary for (some part of) human demand to switch from pig and poultry to a
diversity of (plant-based) alternatives? And if so, how might this be achieved?

·

What is the role of UPFs versus more traditional foods in a sustainable and healthy diet?

·

What approaches to farming and what role for large multinationals (if any) characterise a more
sustainable global food system?

More research will be needed to provide rigorous answers to these questions, but it is important
to consider that people will answer them differently depending on how they view and value the
different issues.

Recommended resources
To learn more about soy, deforestation, and the connections to discussions on animal- and plantbased proteins, we recommend the following resources:
·

Journal article (open access): Ermgassen, E. K. H. J. zu et al. Using supply chain data to monitor
zero deforestation commitments: an assessment of progress in the Brazilian soy sector.
Environmental Research Letters (2019). doi:10.1088/1748-9326/ab6497

·

Journal article (open access): Gibbs, H. K. et al. Brazil’s Soy Moratorium. Science 347, 377–378
(2015). doi:10.1126/science.aaa0181

·

The Transparency for Sustainable Economies (Trase) platform

·

The global resource trade platform by Chatham House: resource trade

·

Report: Kuepper, B. & Riemersma, M. European Soy Monitor - Insights on the European supply
chain and the use of responsible and deforestation-free soy in 2017. (IDH and IUCN NL, 2019).

Definitions
Agricultural yield
is the average net output of agricultural product (e.g. in kCal, grams protein, or net profit) per unit
of farmland per year. The total amount of farmland includes all land that is required to generate the
output (e.g. also land that is used to grow feeds or to produce manure).

©

2020

15

Foodsource Building Block. Soy: food, feed, and land use change
GO TO
CONTENTS

Aquaculture
Aquaculture refers to the breeding, rearing and harvesting of animals and plants in aquatic
environments.
Aquifer
An aquifer is an underground layer of rock, sand, gravel or earth that contains water or allows water
to pass through it. Aquifers normally contain fresh water and are in many regions an important
source of water for drinking, agriculture and other human activities.
Biodiversity
Biodiversity refers in the broadest sense to the variety and variability of living organisms in a
particular area, or on earth in general. More specifically, the concept is used to denote different
aspects of the variety and variability of life, e.g. the number of species in an area (species richness) or
the size of species’ populations (species abundance). Biodiversity is measured in different ways and
at various scales from the genetic through to the landscape level.
Biological nitrogen fixation
Biological nitrogen fixation (BNF) is the process through which atmospheric nitrogen (N2) is
converted into ammonia (NH3) or related nitrogenous compounds by bacteria. BNF includes both
the fixation of these compounds by bacteria that are present in the soil and by bacteria that live in
the root nodules of legumes and certain other plant and tree species. The latter form of BNF is a
symbiotic process: the bacteria provide the plant or tree with nitrogen compounds while the plant or
tree provides the bacteria with carbohydrates. Nitrogen-fixating plant and tree species are often able
to live on relatively poor soils with little need for additional manure or synthetic nitrogen fertiliser.
Increased reliance on BNF as opposed to fertilisers is often considered to be an important aspect of a
more sustainable food system.
Carbon sinks
A carbon sink is a reservoir (natural or artificial) which accumulates and stores carbon over time.
The process of removing carbon dioxide from the atmosphere by increasing the sink capacity of the
reservoir (which could be a soil) is called carbon sequestration
Deforestation
Deforestation refers to the clearance of forest or standing trees from land as it is converted
to non-forest use. Deforestation can include the conversion of forest land to ranches or other
agricultural activities. Important drivers of deforestation are the use of land for agriculture, ranching,
infrastructure, urban expansion, and mining. Deforestation is often defined in relation to a cut-off date
– e.g. all forest land cleared after June 2008 could be considered to be deforestation. Deforestation
is a particular form of land use change. The concept is not commonly used to refer to types of land
use change where other areas that may contain native vegetation (e.g. hay, marshes, savannas) are
converted.
Deforestation risk
Deforestation risk is a concept used by supply chain transparency initiatives such as Trase to express
the amount of deforestation or clearance of native vegetation after a certain cut-off date that can
be linked to a particular batch of soy or another commodity. The deforestation risk is calculated as
the number of hectares that is cleared of native vegetation in a particular region per tonne of yield,
and is assigned to a trader or country on the basis of the amount of product it sources from that
specific region. If a buyer sources 500 t soy from a region that produces 1000 t and where 800 ha of
deforestation can be linked to soy production, the buyer faces a deforestation risk of 400 hectares
(50% of the total) in this region.
Ecosystem services
The tangible and intangible benefits that are provided by ecosystems to humans, which both enable
human life and that contribute to its quality. Ecosystem services include provisioning services such
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as food and water; regulating services such as flood and disease control; cultural services such as
spiritual, recreational, and cultural benefits; and supporting services such as nutrient cycling that
maintain the conditions for life on Earth.
Feed conversion efficiency
Feed conversion efficiency is a measure of how much feed is required to produce a certain amount
of a desired output. Such outputs may be animal weight, the amount of milk or meat produced,
or even nutritional value measured in calories or grams of protein. It is a metric used to compare
animal breeds and species in terms of their ability to convert feed into food available for human
consumption.
Industrial food manufacturing
Industrial food manufacturing refers to the large-scale production of food products by processing
companies using highly mechanised assembly lines and according to pre-defined specifications that
guarantee the production of a product with a constant quality. Most of these foods are produced for
the retail and consumer market.
Land use
Land use is the purpose for which an area of land is used by humans: e.g. cropland, urban
settlements, managed forests. Wild land, by contrast, is that not used by humans.
Nitrogen fixation
Nitrogen fixation is the process through which atmospheric nitrogen (N2) is converted into ammonia
(NH3) or related nitrogenous compounds that, when present in the soil, can be utilised by plants.
Plants are unable to utilise atmospheric nitrogen (N2) for plant growth because it is a relatively
unreactive gas. There are two main processes through which nitrogen fixation occurs in the food
system: artificial nitrogen fixation through the Haber-Bosch process – the process underlying the
production of synthetic fertiliser – and biological nitrogen fixation (BNF) through bacteria in the soil
and roots of particular plant and tree species such as legumes.
Processed food
In public understanding, the concept of processed food is often used loosely to refer to massproduced ready-to-eat foods such as instant flavoured noodles and soda drinks. The concept,
however, also refers to one of the four categories of the NOVA classification, which classifies many
of these foods as ultra-processed foods. Within NOVA’s processed food category are minimally
processed foods to which one or more processed culinary ingredient has been added, and which
have been further modified by processes such as smoking, salting and canning. Advocates of
NOVA understand processed foods to be produced primarily to increase the durability of minimally
processed foods and to enhance the taste and appearance of such foods. Examples of processed
foods include freshly made breads, pickled vegetables, salted nuts, smoked meats and canned fish.
Ruminant
A ruminant is a mammal with a four-compartmented stomach which enables it to acquire nutrients
from plant-based food such as grasses, husks and stalks. Examples of ruminants include cattle, sheep,
goats, deer, giraffes and camels. After swallowing, microbes in the ruminant’s rumen (its first stomach
compartment) begin fermenting the food. This process generates fatty acids (nutrients which
the ruminant absorbs through its rumen walls) and methane, which the ruminant eructs or burps.
Through this process, ruminants are able to digest coarse cellulosic material which monogastrics
and people cannot. Methane emissions from ruminants are a significant source of greenhouse gasses
from ruminant-based livestock systems.
Soy moratorium
The Brazilian soy moratorium is a multi-stakeholder initiative set up in 2006 by Greenpeace, the
Brazilian Association of Vegetable Oil Industries (ABIOVE), and the National Association of Grain
Exporters (ANEC). It was later joined by many other companies, civil society organisations and the
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Brazilian government. Signatories to the moratorium take on the voluntary commitment not to buy
soybeans grown on land in the Amazon that was deforested after 22 July 2008. The soy moratorium
was initially renewed annually but extended in 2019 for an indefinite period. The moratorium has
caused deforestation in the Amazon to decline to about one half to one third of the rate before
the moratorium. Recent years, however, have seen an increase in deforestation in the Amazon.
Deforestation levels were particularly high in the summer of 2019 due to an exceptional increase in
forest fires. Only a small amount of the soy exported from the Brazilian Amazon is handled by traders
who did not sign the Moratorium.
Zero-tillage farming
Zero-tillage farming refers to the farming of crops without disturbing the soil through tillage. Tilling
methods include such activities as shovelling and ploughing or the use of cultivators to crush clods
and smoothen the soil. Zero-tillage farming requires fewer machinery inputs and related energy
use, and often less human labour per unit of output. Tillage is used to eliminate weeds, and zerotillage farming is often associated with higher pesticide and herbicide levels. Zero-tillage farming is
particularly associated with the production of genetically modified crops and the use of glyphosatebased broad-spectrum herbicides such as Roundup that kill many different types of weeds.
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