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Abstract 

 

 China’s current nutrition transition to increased meat consumption has 

subsequently set in motion the need for increased imports of soybean for use in livestock 

feeds as in-country soybean production decreases but direct consumption of soybean 

stays relatively stable. Much of the required soybean has come from areas in Brazil that 

have undergone expansive conversion to agriculture, altering bio-diverse savannah 

ecosystems where soybean is most heavily produced, such as in Mato Grosso state. As 

China increases dependence on Brazil for soybean used in livestock systems, how may 

this shift affect land use in Brazil? What if this amount of soybean was used for direct 

consumption instead?   

 My research first investigates the trade relationship between China and Brazil and 

then calculates the soybean allocation use in China, with estimates of Brazil-derived 

soybean required for both feed and food use to 2050. This projection analysis showed a 

range between 55 and 203 million metric tons of Brazil-derived soybean needed for 

livestock feed use by 2050, a 90%-600% increase from current trends, requiring 18-68 

million hectares of soybean cropland under present yields in Brazil.  

 I then compare soybean, pork, and poultry production with respect to protein 

content and soybean land use requirements under a range of future protein demands and 

increased population growth in China. Soybean, pork and poultry production to 2050 

were estimated and compared in terms of protein content; for pork and poultry this 

included soymeal used in livestock feed. Protein demand baseline was set to the current 

rate of 36 kg per capita per year, with a range of minus 10% to plus 20% from baseline. 



 

 

The requisite hectares of land needed to produce soybean was then calculated. Increased 

per capita protein demand in the food supply appears to have the largest impact on 

soybean cropland requirement under this analysis, compared to projected population 

growth. The 2030 soybean scenario met between 38%-95% of the protein demand 

projected for China using the current-day production pattern in Brazil of 33 million 

hectares. Pork and poultry would need to increase in production by 74% and 291% 

respectively to have similarly high protein efficiency when compared to direct soybean 

use under these scenarios; this increase would require a range of 91-137 million metric 

tons of soybean and 30-45 million hectares of land for feed use in China.  
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Chapter I 

Introduction 

 

 Over the next several decades, increased population growth and nutrition 

transitions in developing countries will put added pressure on dwindling natural resources 

(Foley et al., 2011b; Weis, 2013). Increased population fuels anthropogenic climate 

change and creates uncertainties for global agricultural sustainability and food security 

(deBoer & Aiking, 2011; Gerbens-Leenes, Nonhebel & Krol, 2010). Agriculture is the 

oldest man-made alteration of the environment and intensified during the 20
th

 century 

with the creation of synthetic fertilization and advances in agronomy, allowing human 

populations to increase more rapidly than in prior centuries (deBoer et al., 2011). Today, 

rising demand for global products puts old growth forests and intact natural ecosystems 

in the southern hemisphere at risk for agricultural development (Lewis, Edwards, & 

Galbraith, 2015). This continued risk of land alteration could pose greater environmental 

damage as the climate changes and populations in developing countries begin to consume 

resources at the same rate as developed countries. A major source of environmental 

degradation occurs in the tropics, in places like Brazil, where old growth forests and 

natural lands have been cleared at rates previously unseen until demand increased for 

commodities such as soybean. 

Soybean became a major commodity crop in Brazil during the 2000s and 

production increased as global demands intensified. Deforestation accelerated in Brazil, 

right as the agricultural industry and global trade relationships strengthened economic 
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growth in the country. A large part of this trend was fueled by the demand for a high 

protein substitute feed ingredient for livestock systems (Nepstad, Stickler, & Almeida, 

2006a). The increased production of soybean was primarily for the eventual consumption 

by animals raised for food, and not for direct human consumption. Soybean became the 

replacement protein source of choice for animal feed stocks in the European Union (EU), 

and Brazil ramped up its soybean industry to jump on the opportunity. Soybean is a major 

global feed source; 70-90% of the soybean stock is used as feed (Brown-Lima, Cooney & 

Cleary, 2010; deBoer & Aiking, 2011; Lappe, 2010). Soybeans are high in protein, low in 

fat, and contain the full spectrum of essential amino acids. Soybean not only makes a 

great substitute for the meat-based feed inputs, but also as a potential source for the added 

protein and nutrition demands for a rapidly growing human population.  

As a country traverses an economic and nutrition transition, consumption of 

animal protein increases. Western countries such as the United States experienced this 

shift during the early-mid 20
th

 century (Ewers, Scharlemann, Balmford, & Green, 2009; 

Kearney, 2010). While meat consumption rates have fallen in some developed countries, 

those in developing ones are rising. These countries are undergoing a nutrition transition 

away from traditional diets of coarse grains and vegetables and already show an increase 

in nutrition related non-communicable diseases (Du, Wang, Zhang, Zhai, & Popkin, 

2014; Weis, 2013). As people become wealthier they tend to desire more diverse foods 

and migrate to urban areas. This transition puts an increased burden on remote 

agricultural production (Weis, 2010; WWF, 2014).  
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Research Significance and Objectives 

China has historically used soybean in their traditional diets, but as diets shift to 

more meat, dairy and processed foods, soybean use has increased (Hansen & Gale, 2014). 

As China lessens in-country soybean production, increases agricultural dependence on 

exporting countries like Brazil, and shifts dietary intake from plants and coarse grains to 

more meat, dairy and processed foods, how might this shift affect land use in Brazil?  

My research begins with an investigation of the trends involved in Brazil’s 

soybean agricultural expansion and growing trade dynamic with China. I analyze China’s 

soybean allocation shift during a time of nutrition transition. I will explore this topic by 

analyzing the projected utilization of soybean in China, and then explore how protein 

demand in the future could be met with both soybean and animal-derived sources. With 

this analysis, my aim is to provide a basic frame-work for further exploration in analysis 

on crops grown for feed use and how shifts in consumption could potentially influence 

land-use changes where these crops originate. 

 

Brazil’s Agricultural Expansion 

During the 18
th

 and 19
th

 centuries, tropical forests were mostly left intact as 

temperate northern hemisphere forests were utilized for timber products and converted to 

agricultural lands. Over the course of the 20
th

 century, increased global trade allowed 

substitution of local products with global products, and many of North America’s forests 

experienced secondary growth. Developed countries could outsource their deforestation 

burden and keep secondary-growth forests intact while maintaining current level resource 

consumption (Lambin & Meyfroidt, 2011). China and other developing countries are 
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beginning to do the same, partly due to natural resource needs instead of just economic 

growth, placing burden of resource production on other regions such as the Amazon.  

Today, the largest amount of under-productive or uncultivated arable land sits in 

the tropical southern hemisphere, including large swaths of forest like the Amazon forest 

(Zaks, Barford, Ramankutty, & Foley, 2009). The Amazon is found in parts of Bolivia, 

Peru, Ecuador, Columbia, Venezuela, Guyana, Suriname and French Guina; 40% of 

South America consists of the Amazon basin, with Brazil home to the largest segment, at 

around 65% (Global Forest Atlas, 2016; WWF, 2014). Half of the global deforestation 

from 2000-2005 occurred in the Amazon region of Brazil, largely for agricultural 

development (Zaks et al., 2009). Further agricultural expansion into closed-canopy forest 

areas in the Brazilian Amazon is of major concern as infrastructure is completed; 

highways that slice through the region to connect rivers and outlets to ports for exporting 

products like soy create fragmented areas of forest and provide easy access for possible 

agricultural expansion (Jasinski, Morton, DeFries, Shimabukuro, Anderson & Hansen, 

2005). Thirty percent of Amazon forest area could support soy production and over 80% 

of the area could be converted for pasture (Nepstad et al., 2006a). As of 2006 about 47% 

of the Brazilian Legal Amazon was in protected status (Galford, Soares-Filho, Britaldo & 

Cerri 2013c; Nepstad et al., 2006a; Nepstad, Soares-Filho, Britaldo & Merry 2009b;).  

The biggest growth in soy production occurred during the last couple of decades 

in Brazil’s savannah ecosystem-the Cerrado region in Mato Grosso state. The Cerrado is 

a biodiversity hotspot with high species diversity and endemism, and includes 

woodlands, shrublands and riparian forests (Brannstrom, Jepson, & Filippi, 2007). Mato 

Grosso produces 85% of Brazil’s soybean crop (Gibbs, Raush & Munger, 2015). Two-
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thirds of the Cerrado has been converted to agriculture with 70% for soybean cropland 

and pasture use combined (Galford, Melillo, Mustard, & Cerri, & Cerri 2010b; Garrett & 

Rausch, 2015). During the “Arc of Deforestation” period in the early 2000’s, 

approximately 38% of Brazil’s total deforestation occurred in Mato Grosso, peaking by 

2004 (Brannstrom et al., 2007; Galford et al., 2010b). Soy agriculture was responsible for 

17% of the deforestation during this time (Barona, Ramunkutty, Hyman, Coomes 2010). 

As early as 2002, an estimated 55% of Cerrado land had been cleared for agriculture and 

it was suggested that the region could completely convert to agricultural use by 2030 if 

present trends continued (Brannstrom et al., 2007). Lathuilliere (2014) reported 65% of 

Mato Grosso deforested representing 14-17% of Brazil’s carbon emissions from land use 

change (Lathuilliere, Johnson, Galford & Couto 2014).  

Just after the peak of deforestation in Brazil, the Soy Moratorium was passed in 

2006 (Gibbs, et al., 2015; Nepstad et al., 2014c). Under the Soy Moratorium, soybean 

traders promised not to purchase soybean grown on Amazon lands deforested after July 

2006 (Nepstad et al., 2014c). However, the Cerrado biome was not included in the Soy 

Moratorium. Since the Cerrado region does not contain high biomass forest, it was over-

looked for conservation initiatives as agricultural expansion increased (Hect, 2005). 

Comparatively, the Amazon region has just over 14 million hectares (ha) of unprotected 

forest and the Cerrado over 20 million ha of natural vegetation considered suitable for 

future soybean agriculture. Over two million ha of Amazon forest and over 11 million ha 

of Cerrado natural land could be cleared legally under Brazil’s Forest Code. The Forest 

Code requires Amazon farms to set aside 80% of their land in a legal reserve (Gibbs, et 

al., 2015; Nepstad et al., 2014c). Studies suggest the soy moratorium a more effective 
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platform in slowing deforestation, with deforestation rates greatly reduced after it was 

passed in 2006, compared with regulations like the Forest Code, which showed more 

noncompliance instances (Gibbs, et al., 2015). By 2013, some evidence showed that soy 

cropland expansion occurred on lands cleared before 2006 in the Amazon region, before 

the Soy Moratorium was in effect (Nepstad et al., 2014c).  

Before the period of cropland expansion, the initial agricultural push in the 1970’s 

and 80s in Brazil was for pasture lands; cattle ranching was the primary land use, spurred 

by government subsidies and financial incentives to colonize otherwise “empty” land 

(Nepstad et al., 2006a). This was partly because of the ease and cost effectiveness of 

cattle ranching and its ability to show “productive usage” of the land for land titling. Crop 

agriculture could not expand in the Amazon region where soils were unsuitable until the 

late 1990s when agronomic advances overcame issues of soil alumniotoxicity and 

suitable cultivars (Nepstad et al., 2014c). The same trend occurred in the Cerrado region, 

as farmers moved northward for larger pasture areas and where unproductive and 

otherwise unused lands were put into cropland production after technological 

advancements (Brannstrom et al., 2007; Garrett & Rausch, 2015). Macedo et al. (2012) 

showed that while reduction in cattle ranching was the biggest contribution in reducing 

deforestation in the Southern Amazon region in the late 2000’s, it remains the greatest 

driver of deforestation (Macedo, DeFries, Morton, Stickler, Galford & Shimabukuro, 

2012). Intensification, the replacement of extensive cattle ranching with intensively 

farmed croplands, is a direct result of increased demand for export markets for feed and 

meat protein. Intensification includes increasing yields on agricultural lands, such as 

increasing cattle head per area or crop productivity per unit of time or area.  
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Conceptually, forested lands could be spared from conversion as other lands 

undergo intensification. However, this “land sparing” model does not seem to play out in 

reality. Spatially, intensified crop production tends to occur on existing croplands, while 

extensification spreads outward from these areas (Galford, et al., 2008a). Pasture lands 

for cattle were pushed further northward in Mato Grosso as soy agriculture increased, 

possibly causing an increase in deforestation elsewhere in the region (Barona et al., 

2010). The trade-offs of intensification include several ecosystem disturbances such as 

soil degradation, pollution and emissions from added agricultural inputs, and degradation 

due to increased heads of grazing animals. In contrast, extensification accelerates clearing 

of natural habitat and forest areas. Both intensification and extensification contain trade-

offs that can further degrade and impede on land use. Nepstad et al., (2014b) summarized 

that Amazon deforestation slowed in the late 2000s due to a retraction in the planted area 

of soybean, the reduced cattle herd and the rapid expansion of protected areas and delays 

in infrastructure improvements like highway access. However, although there was a 

reduction in area of planted soybean, exports continued to rise in correlation with 

intensification and yield increases. 

 

Increased Soybean Use in Livestock Feed 

During the time of Brazil’s cropland agricultural expansion in the 1990s, the UK 

and EU experienced an outbreak of diseases in their animal production systems, 

prompting the demand for meat produced elsewhere, as well as an alternative to animal 

protein feed ingredients (Nepstad et al., 2006a). There was increased demand for both 

meat and soybean almost simultaneously. Brazil had healthy cattle stock and the industry 
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was expanding-- modernizing and reacting to global demands, a perceived financial 

incentive to keep the status quo of land conversion in place. Along with this, soybean 

agriculture was able to expand into new areas and profit as global demand increased. By 

the late 1990s deforestation increased rapidly and continued to increase during the 2000s 

as demand for soybean exports increased (Nepstad et al., 2006a). This increase in 

production of both cattle and soybean was driven by export market demand. In the 

Amazon region, cattle herds tripled and soy agriculture quadrupled between 1990 and 

2006, with 95% of the area for pasture use (Zaks et al., 2009). During this time, the EU 

was the main destination for soybean and meat coming from Brazil (Zaks et al., 2009). 

Between 2004 and 2005, the EU topped imports at over 11 million metric tons (MT) of 

both soybean and soybean meal (FAS-GATS, 2016). Although Brazil exported over 5 

million MT of soybean and over 8 million MT of soybean meal to the EU during the last 

five years, their exports to China have far surpassed these amounts. Over 40 million MT 

of soybean was exported to China from Brazil in 2015, eight times the amount exported 

to the EU for the same year (FAS-GATS, 2016). 

 

Ecological Impacts of Human Diets 

Effects of human diets on the ecological environment are often overlooked or 

ignored, perhaps because most people are removed from production making the 

complexities involved in agriculture opaque. There is a growing base of scientific 

research on diet and its effect on the environment, mainly due to the concern around 

anthropogenic climate change. Studies on the impacts of agriculture and climate change 

often cite one solution among many for mitigating some of these impacts: shifting 
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consumption from resource-intensive animal based to more plant based foods (Carlsson-

Kanyama & Gonzalez, 2009; Cassidy et al., 2013; Foley et al., 2011b; Goodland & 

Ahnang, 2009; Sabate & Soret, 2014). Intensified animal agriculture increases adverse 

impacts on the environment from both direct and indirect sources: increased greenhouse 

gas emissions (GHG), pollution to watersheds, deforestation and other land use change 

(LUC), biodiversity loss, soil degradation, and freshwater depletion (Gerber, et al., 2013; 

Stehfast, 2009; Steinfeld et al., 2006; Weis, 2013). Cassidy et al., (2013) estimated that 

global demand for meat products will increase 68% and dairy products by 57% by 2030, 

requiring twice the amount of cropland to keep pace with present level consumption. 

Many researchers point to a need to adopt consumption patterns away from meat and 

dairy because of ecological damage already in place that is not reversible (Rockstrom et 

al., (2009); Sabate & Soret, 2014).  

Rockstrom et al. (2009) described a way of framing sustainability using planetary 

boundaries that, if crossed, could possibly suggest irreversible damage to the very 

systems needed for human survival. They estimated that three planetary boundaries have 

already been transgressed:  1) changes in climate (safe level of under 350 parts per 

million of atmospheric carbon dioxide concentration), 2) rates of biodiversity loss (less 

than ten extinctions per million species per year) and 3) the global nitrogen (N) cycle 

(limiting industrial and agricultural fixation of nitrogen to 35 teragrams of nitrogen per 

year). Agricultural production greatly contributes to the exceedance of these planetary 

boundaries. About 80% of global nitrous oxide emissions are from agricultural land use, 

and around 20% of the global carbon emissions are due to food production (Lathuilliere 

et al., 2014; Sabate & Soret 2014). Since 1850, 35% of all anthropogenic carbon dioxide 
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emissions have been from land use change (Foley, et al., 2005a). Reductions of 

greenhouse gases are at the forefront of environmental concerns, typically by a reduction 

in fossil fuel energy use from transportation and energy production. While this is an 

important way to mitigate environmental degradation, it has been on policy agendas in 

both government and institutional arenas and may not be the only option for reducing 

emissions. DeBoer &Aiking (2011) advise against a “single action bias”, the tendency to 

respond to a problem with one action when broader approaches are necessary. 

Production and consumption of food products encompass virtual and embedded 

flows of resources. Direct flows are the agricultural products themselves, e.g., beef or 

soybean.  Virtual resource flows include some of the natural resources used in crop and 

meat production, like water for irrigation and emissions from fertilizer (Lathuilliere et al., 

2014). Life cycle assessments quantify these flows and subsequent ecological effects 

thereby showing the environmental footprint of the end product demanded by human 

diets. Agriculture encompasses alteration of the natural state of land and its use involves 

inputs and constant production, requiring even more inputs.  

Land use change is hard to analyze; most analyses aim at capturing the full 

spectrum of GHG emissions associated with certain products. The focus with animal 

agriculture tends to revolve around cattle respiration and waste (methane), grazing land in 

production, and the end products. How much land is needed to feed the billions of non-

ruminate species bred each year for food use is often ignored, or if not ignored, greatly 

generalized. This is where deforestation becomes the biggest concern; after the initial 

change, the many forms of land use that falls into place years and even decades after the 

initial clearing and how that ripples out into nearby areas can be difficult to project 
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(Galford et al., 2008a; Galford et al., 2011c; Ramankutty et al., 2007). Those kinds of 

changes are hard to quantify but are embedded in many products long after production, 

trade and consumption. 

 

China’s Nutrition Transition 

  In the late 1950s, China experienced a devastating famine and then further 

political upheaval and uncertainty during periods of the 1960s and 70s (Du, et al., 2014). 

Meat in the food supply was only at 3.32 kg per capita per year in 1961, increasing 86% 

over the next couple of decades. Food supplies increased through imports in the 1960s; 

increased imports may have been partially an attempt to avoid another famine should 

political unrest occur again or economic growth suddenly collapse (Du, et al., 2014). 

Economic recovery didn’t fully occur until the late 1970s and increased rapidly during 

the 1980s and has continued to increase throughout the present decade (Zhou, 2015). 

Now meat in the food supply is around 61 kg per capita per year, up another 78% from 

the early 1980s. China’s increased dependence on soybean occurred as the country 

transitioned from a struggling economy into a more stable one. People migrated to urban 

communities, changed lifestyles and dietary habits, and took cues on consumption 

patterns from other parts of the world (Du, et al. 2014). China’s demand for oil and meat 

products increased rapidly throughout the last few decades, while the domestic 

production of agricultural products slowed because of desertification and limited 

irrigation capabilities in the north of China (Lima, et al., 2010; FAO, 2015). China has 

transformed from a country with food shortages and malnutrition to one with a 
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coexistence of malnutrition with over-nutrition and food surpluses (Du, et al. 2014; Zhou, 

2015).  

During the 1970s and 80s, China was a net exporter of soybean to global markets, 

but this changed in the 1990s. China slowed production of soybean and increased 

imports; over 70 million MT of soybean was imported in 2014 (FAO, 2015). Meanwhile, 

Brazil has steadily increased production during this same time, with over 50% now 

destined for global exports: over 70% of Brazil’s total soybean production went to China 

in 2014 (FAO, 2015; Nepstad, 2006a; USDA-FAS, 2015). China has shown some 

economic fluctuations in the past few years, creating unstable demand with some effects 

on the global soy market, yet the general trend has been rapidly increased import demand 

with no marked signs of slowing down (Weis, 2013). Considering a population boom 

expected to reach over 1.4 billion people as early as 2020, the demands due to growth 

may have a continued effect on agricultural land despite annual variability. 

The increased imports of soybean in China are primarily for feed in intensified 

animal production systems for pork and poultry products (Hansen & Gale, 2014; Weis, 

2013). Food use of soybean in China has not changed for several decades (FAO, 2015). 

As China increases consumption of animal products raised on imported feeds, 

competition for food between people and domesticated animals may increase, increasing 

costs of food and disparities between the malnourished and over-nourished (Aiking, 

2011b; Ewers et al., 2009). Globally, approximately 2 billion people are on a 

predominantly meat-based diet, mostly in wealthier developed countries, while 4 billion 

people rely on plant-based diets. With rapid shifts in economic improvement, 

globalization, and urbanization in places like China, this could pose further serious 
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consequences to ecosystem balances. It may be possible that it is not the actual increased 

number of people, but the increased number of people whose diets’ shift to more meat-

based products that will cause long-lasting adverse impacts on global ecosystems.  

 China’s pattern of increased consumption of animal-derived foods describes the 

opposite approach to food sustainability ideas, but illustrates a country undergoing the 

middle stages of a nutrition transition. Meat is seen as a food of the affluent; continuing 

to consume foods that make up the staple diet in China may seem limiting and 

undesirable given the increased economic growth for many households. Soybean derived 

foods have been an integral part of the traditional Chinese diet for centuries, and even 

today consumption remains relatively high (FAO, 2015). Along with the shift towards 

meat consumption, there is the growing dependence on foreign supply of feedstocks, like 

soybean, to China (Weis, 2013). Pork and poultry are livestock reliant on high protein 

feedstock like soybean for rapid growth, and subsequently are the two livestock products 

showing the highest increase in consumption in China (Dei, 2011; Hansen & Gale, 2014; 

Weis, 2013). China’s intensification of the pork and poultry sectors mimics the U.S.A.’s 

pattern of mass production; factory farm systems not intended for ecological 

sustainability but quick growth and profit (Zhou, 2015).   

As China rapidly shifts consumption patterns and heads into the later stages of the 

nutrition transition, nutrition-related non-communicable diseases will accelerate and be 

costly to treat (Du, et al., 2014). China’s central government has initiated a ten-year plan 

to promote a “wiser diet” in light of the rapid consumption changes, outlining 

sustainability and health initiatives that call for a meat consumption capped to 29 kg/year, 

38% lower than the current rate of 47 kg/cap/year (Zhou, 2015; OECD, 2016). Protein 
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derived from meat has increased 78% since 1980, with animal-sourced protein making up 

39% of the total breakdown of protein sources in the food supply in China (FAO, 2016). 

If sustainability becomes a factor in dietary guidelines in the Chinese government, this 

could help foster a way of utilizing diverse plant proteins and nutrients.  

 

Food Use of Soybean 

Eighty-five percent of the initial nutritional benefits of soybean are wasted when 

animals consume soybean first (Aiking, 2014; deBoer & Aiking, 2011). A historical 

perspective was provided in a WWII era pamphlet from the USDA: 

“Soybean meal that is fed to livestock contributes indirectly to human nutrition 

through the protein of meat, milk, and eggs, into which the animals convert the 

soybean protein. But these animal products can be satisfactorily and 

inexpensively supplemented in human diets by soybean products eaten directly.” 

(Drown, 1943)  

 

Soybean is a versatile protein source, containing a range of protein concentrations 

depending on how it is utilized. Whole seed soybean contains 40% protein, though this is 

not how it is normally consumed except after processing as “edamame”, which contains 

about 18% protein per 100 grams (USDA, 2015). Soy isolates can contain up to 96% 

protein and many soybean meals and concentrates are between 44 and 70% protein (Berk, 

1992; Lusas & Riaz, 1995; Shurtleff & Aoyagi, 2007). There is no need for animals to 

process soybean first, unlike grasses and other plant by-products that humans cannot 

digest to release nutrients. Making protein from animals that consume soybean first is an 

inefficient system (deBoer & Aiking, 2011; Cassidy, et al., 2013; Foley, et al., 2011; 

Goodland, 1997a; Goodland & Anhang, 2009b; Sabate, Sranacharoenpong, Harwatt, 

Wien, & Soret, 2014).  
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 An early paper on the subject of using plants directly instead of feeding them first 

to livestock suggested that direct consumption of grains grown globally could already 

meet the food supply demand (Goodland, 1997). A more recent paper by Goodland and 

Anhang (2009) link livestock production and environmental degradation and question 

how land use could benefit from feeding grains and plants directly to humans. Livestock 

production is the largest user of land globally (FAO, 2014). Foley et al., (2011) cite the 

need to double food production over the next thirty years as the population doubles, 

especially given the trend of increased meat demand. They further address the issue that 

most of the increased agricultural production we’ve experienced in the last few decades 

occurred in tropical regions as other regions lacked land for agricultural expansion. Much 

of this has been to supply the global feed market (Foley, et al., 2011; Weis, 2010).  

Presently, plant-based food is grown for direct human consumption (60%) or 

livestock (40%) with added pressure from biofuel demands. “Using highly productive 

cropland to produce animal feed represents a net drain on the world’s potential food 

supply” (Foley et al., 2011). Foley et al., (2011) claim that there is virtually no benefit in 

clearing land to grow foods that do not contribute to human caloric or nutrition needs. 

They favor increasing food availability by shifting crop production away from feed 

and/or energy stocks. 

 

Research Questions and Hypotheses 

Another way to secure food availability may be to use feed crops like soybean for 

direct human consumption (Goodland & Anhang, 2009b). Could this eventually develop 

a food system that requires less agricultural land? Goodland and Anhang (2009b) point 
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out that the infrastructure for growing plant-based foods is already in place; it would not 

be an expensive transition, and if sustainability in agriculture is included in any proposed 

change, it could help mitigate aspects of intensified production. Theoretically, less 

soybean would be needed to provide adequate protein and other nutrients directly. Would 

feeding plants to a growing human population actually reduce pressure for land-use 

changes or reduce rates of land-use change?  

How much more soybean would be required if the current trend of increased feed 

use of soybean continues in China over the next several decades of increased population 

growth? If the current trade dependence on Brazil soybean continues in China, about how 

many ha of land would be required to sustain the trend? Would the picture change if the 

soybean allocation in China moved toward direct human consumption, fulfilling the 

protein requirement during increased population growth? 

I hypothesize that shifting the soybean allocation to direct consumption rather 

than increasing use in livestock feeds would reduce dependence on Brazil, requiring 50-

60% less soybean than is currently supplied by Brazil to meet their protein needs. It 

follows that this shift to direct human consumption of soybeans would avoid potential 

deforestation in Amazon forest regions, with the emphasis then on sustaining current 

level area in production and exports for longer than if soybean were supporting livestock 

farming. A third hypothesis is that the variable of population growth will have the most 

impact on deforestation given the assumption that future populations in China will be 

predominantly dependent on animal-derived protein. 
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Chapter II 

Methods 

 

 

 

 Future projections are based on historical analysis of relative trends. I first 

conducted a global overview of soybean agricultural production, followed by Brazil and 

China’s production trends. Trade between Brazil and China provided the necessary 

information to develop projection estimates for both food and feed usage over time. 

Along with production of soybean, consumption of soybean in China was explored over 

the last several decades. Comparison of soybean and other commodities in the food 

supply in China is then presented to provide a trend background for the projection 

analyses that follow. To ease interpretation, the types of analysis and sources of data 

outlined below refer to tables and figures presented in Results. 

 

Soybean Production and Trade 

 U.S.A. Department of Agriculture - Foreign Agriculture Service (USDA-FAS), 

and Food and Agriculture Organization of the United Nations Statistics Division 

(FAOSTAT) online databases were used as primary sources for most data collected 

unless noted otherwise. Global, Brazil, and China soybean production area (ha), yield 

(hg/ha) and total production (metric tons) were plotted per year from 1961-2014 (FAO, 

2015) (Figures 1, 2, and 4). 

 Trade data between Brazil and China was collected from FAOSTAT specifically 

using the Detailed Trade Matrix and for more recent years, USDA-FAS’s Global 
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Agricultural Trade Service (USDA-FAS-GATS) databases. These data were used for 

basic trend analysis of changes over time in production and trade between the countries 

(Table 7). I focused on the period of greatest change in soybean production and trade, 

1996-2014, and analyzed China’s total production, China’s overall imports, China’s 

imports from Brazil, and Brazil’s exports to China as a function of total production. Both 

units of production and percentages were included to illustrate total and relative 

magnitudes of change. I compared reporter and partner trade totals, providing evidence of 

the small uncertainties in trade reporting. 

 

China Nutrition Trends 

 Changes in protein sources and consumption as an important translation of trade 

and production data into nutrition information were collected from FAOSTAT Food 

Security Indicators (FSI) and Food Balance datasets.  

Food Security Indicators provided information on consumption trends from 

surveys using three-year averages. Data on the average supply of protein (grams per 

capita per day) and percentage of protein derived from animal origin and from cereals, 

roots and tubers was used from 1990 to 2011 (most recent release during study period) 

(Table 14). This gives a general trend over time for consumption changes in China with 

respect to animal and plant based food.  

Data on soybean in the food supply in China showed metric tons of soybean 

available as “food and commodity” supply in metric tons and kg/cap/year, as supply of 

protein (kg/cap/day), and in soybean oil (Table 15). Commodity balances combine prior 
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data collected for food and feed in metric tons. This provides information on how 

soybean is both consumed and used and presented for background comparison. 

 

Trends in Soybean Utilization in China 

 I explored year-to-year changes (1990-2013) in soybean use for food and 

feed in China using FAOSTAT and USDA databases. I estimate the Brazil-derived 

soybean in China for food and feed use by combining trade data information from 

FAOSTAT data.  

 

FAO-Based Allocation Estimates 

 In order to understand China’s usage of soybean over several decades of 

increasing import and demand, food and feed supply were examined using Food Balance 

datasets in FAOSTAT, “Commodity Balances-Crops Primary Equivalent” and “Food 

Supply-Crops Primary Equivalent”. Commodity and Food Supply databases provide 

information on domestic supply, utilization, and per capita supply from 1961-2013.  

Commodity Balances data provides information for in-country utilization of food 

commodities: production quantity, import quantity, stock variation, export quantity, 

domestic supply quantity, feed, seed, waste, processed, food and other uses. For my 

analyses, totals of domestic supply, food use, feed use, processing, and imports and 

exports were collected for soybean in China from 1961-2013. 

 The Food Supply dataset provides per capita supply of food in a given country: 

food supply quantity in metric tons, grams per day, kilograms per year, kilocalories per 

day, grams protein per day and grams fat per day. For my analyses, I collected food 
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supply totals of soybean in China from 1961-2013 in kg and protein supply in kg. This 

dataset represents the amount of each food/commodity available for consumption in the 

food supply per year but does not represent actual consumption rates. Actual 

consumption rates will vary but Food Balance data can be helpful in forming a relative 

idea on the most utilized foods in a country.  

Table 8 shows the food and feed allocation of soybean in China with the 

Commodity and Food Balance data. Equation 1 and 2 break down the allocation of the 

entire domestic supply of soybean in China. Equation 3 calculates the percentage of 

soybean from the domestic supply that is allocated to the processing into soybean meal 

(also called soymeal, or soycake as in FAO datasets). For this study, soymeal was used 

for brevity in most data and analysis presented. The relevant equations are: 

 Food Use = (SoybeanFood) / (DomesticSupplySoybean)   (1) 

Feed Use = (SoybeanFeed) / (DomesticSupplySoybean)   (2) 

% Processing = (SoybeanProcessing) / (DomesticSupplySoybean)  (3) 

Equations 4 and 5 calculate food and feed usage of soybean meal once in the post 

“crush” process. 

 Food Use = Food use total/[(FoodUseSoybean) + (Soybean oil)]  (4) 

Feed Use = Feed use total/[(FeedUseSoybean) + (Soycake)]  (5) 

Equations 6 and 7 estimate Brazil-derived usage of soybean in China using Brazil 

export totals (Table 10). 

Feed Use = (% Feed) * (BrazilExports)     (6) 

Food Use = (% Food) * (BrazilExports)     (7) 
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 Soymeal is understood to primarily be a commodity-based feed source, the 

“crush” process resulting in two commodities, protein-rich flakes and oil. Oil is mostly 

used directly in cooking and processed foods, though a small amount is sometimes used 

in animal feeds. Based on FAO commodity balance information, no soymeal goes into 

the food supply.  

 

USDA-Based Allocation Estimates 

 For comparison on the allocation of soybean use in China using more recent 

projections, analysis of food and feed use of soybean was conducted using the USDA’s 

Economic Research Service’s 2015 International Long-Term Projections to 2024 (USDA 

ERS, 2015; Appendix, Table 22) along with trade information from FAO and USDA-

FAS. The ERS ILRP dataset projects commodity utilization outward ten years. The 

summary of food and feed use of the total projected soybean amount in China for 

2013/14 is shown in Table 11.  

 Equations 8-13 were used to calculate for food and feed use of soybean, pre-crush 

processing, and estimates the Brazil-based portion of feed and food soybean use from 

trade information in Table 8: 

Crush % = crush allocation / soybean base       (8) 

Food use % = food use / soybean base       (9)  

Feed use % = feed use / soybean base     (10) 

Brazil-based soybean = Brazil exports / soybean base   (11) 

Brazil-based to crush processing = Brazil exports * crush %   (12) 

Brazil crush base total = Brazil exports / crush allocation   (13) 
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Equations 14-20 calculate results for soybean use post-processing into soymeal. 

Estimates of Brazil-based soybean going into post processing are calculated with results 

from Table 12: 

Total Brazil-based soymeal = Brazil export + Brazil soybean meal export (14) 

% total soymeal base Brazil-based = 

 total Brazil-based soymeal  / total processing     (15) 

 

% Brazil-based food use =  

total food use soymeal / total Brazil-based soymeal    (16) 

 

% Brazil-based feed use =  

total feed use soymeal / total Brazil-based soymeal    (17) 

 

Total food use of soymeal = food use soymeal / total soymeal  

post-process         (18) 

 

Total feed use of soymeal = feed use soymeal / total soymeal  

 post-process         (19) 

 

% Brazil-based soybean oil =  

Brazil soybean oil exports / soybean oil total     (20) 

 

 

 

Projected Soybean Allocation Estimates 

 Two projection estimates for food and feed use of soybean in China to 2050 were 

conducted. These allowed comparison of how the trend in soybean allocation may shift 

over time in China given current utilization. Each projection begins in 1990 to capture the 

beginning of increased feed usage in China along with increased imports from Brazil 

during the following years. The FAO dataset ends in 2013 while the USDA dataset ends 

in 2015, allowing for a slightly different base time period for the projections.  

 A projection analysis of feed and food allocation totals of soybean through 2050 

was calculated using linear regression of FAO data from 1990-2013 (Table 9) (Figures 7-



 

23 

 

10). “Food use total” and “Feed use total” for China from 1990-2013 was utilized for 

China totals and projected totals for Brazil were taken from Table 10, “Brazil MT 

soybean – food” and “Brazil MT soybean – feed” for 1990-2013. Using the equation of 

the linear trend line of 1990-2013 totals, projected values were determined for 2014-2050 

and plotted to describe the possible soybean use over time should present trends continue.  

  USDA FAS Production, Supply and Distribution data for 1990-2015 soybean 

“feed” and “food” use totals in China were used to project soybean use from 2015-2050 

(Figures 11-12) (Appendix, Table 23). The projected trend analysis used the equation of 

the linear regression line (R2 = 0.97 food, R2 = 0.94 feed) in the same manner used for 

FAO data, however a polynomial trend line was also plotted along with the linear 

projection. The polynomial trend line showed another good fit to the observed data, with 

R2 = 0.99. 

Soybean and its derivatives for feed are primarily used for production of animal 

proteins in China including chicken, pork, beef, poultry and eggs. FAOSTAT was the 

data source for statistics on production totals of pork and poultry used in the protein 

projection scenarios (Figures 14 and 15). 

 

Soybean and Meat-derived Protein Projections 

 Soybean used for direct human food use and for feed in livestock systems was 

compared with regard to meeting current and future-level protein demand in China. The 

comparison predicts totals of soybean needed to meet the demand either directly with 

soy-foods or with animal sourced protein and an estimate comparing each in terms of ha 

of land per metric tons produced. Pork and poultry were selected for the comparison as 
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they are the main livestock fed soybean (in the form of soymeal mainly) and make up the 

majority of livestock-based protein consumption in China.  

Total protein in the food supply for China was estimated from nutrition data in 

Food Balance Sheet (FAO, 2015). Total protein in grams per capita per day was 

converted to kg per year (98g/cap/day * 365 / 1000) and multiplied by the current 

population in China and population projections through 2050 to set a baseline and 

projected amount of protein (P) in the food supply during population increase (FAO, 

2015; UNSD, 2015; Worldometers.com, 2016). To evaluate possible scenarios under 

different protein demands, 10-20% less and more than 36kg/year was calculated. Thus, 

the protein demand (P demand) per year was based on the total population of China 

multiplied by the average amount of protein in kg per year for years 2015 (baseline), 

2020, 2030, 2040, and 2050, with a range of minus 10% to above 20% current level.  

 

Soybean Derived Protein  

 The projected soybean feed use totals from the FAO and USDA based regression 

results (results from Projected Soybean Allocation) were used, using the average of each 

data set for years 2015, 2020, 2030, 2040 and 2050. To determine the possible amount of 

protein in X amount of metric tons of soybean for these years, 0.24 and 0.40 were 

applied, based on proportional amounts of protein in traditional soybean based foods and 

meals (24g/100g) (Appendix, Table 24). Protein content of 0.40 was derived from data on 

whole seed protein content to isolates, with a range of 40%-96% protein content (Berk, 

1992). Percentages above 40% are seen in soy flours, meals and isolates. The amount of 

protein (P) in (X) amount of metric tons of soybean was then compared to the amount of 
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protein required for each year and within the ranges of protein demand, calculating each 

scenario’s ability, in percentage, to meet the total requirement. Lastly, the hectares 

required to produce the projected soybean amounts were based on current average yields 

in Brazil from USDA’s World Agricultural Production report (2016).  

 

Animal Derived Protein 

 The above methods were also used to calculate pork and chicken protein 

projections. A linear regression was used on production data of both “pigmeat” and 

“poultry” from 1961-2013 to calculate projected totals to 2050 (Appendix, Figures 16 & 

17) (FAO, 2015). A conversion was applied to estimate how much soymeal is required to 

produce X amount of animal derived protein. Estimates of soymeal required per unit of 

meat produced were derived from data in “Soy consumption for feed and fuel in the 

European Union” (Van Gelder, Kammeraat & Kroes, 2008). Protein content estimates for 

“pigmeat” and “chicken” were taken from USDA Agricultural Research Service’s 

National Nutrient Database for Standard Reference Release 28, using an average for pork 

and poultry based foods listed in the database (Appendix, Table 25). In the same manner 

as soybean, comparison of protein amounts in the food supply were compared with 

results of protein in total amounts of pork and poultry. A percentage was given as a ratio 

of how much X amount of pork or poultry meets the protein requirement for the -10% to 

+20% scenarios for each year studied. The amount of soymeal required per unit of meat 

produced was converted to soybean totals with a conversion of 1000 metric tons of 

soymeal per 771 tons of soybean (Van Gelder, Kammeraat & Kroes, 2008). The soybean 
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totals were then converted to ha based on current average yields in Brazil from USDA’s 

World Agricultural Production report (2016). 
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Chapter III 

Results 

 

 Results are presented in two parts. The first presents a historical trend analysis 

that provides the background and foundation for the projection analyses that follow in 

part two. These provide information on production, trade, and consumption of soybean 

over the last several decades. Particular emphasis for trade between China and Brazil 

begins in the mid-1990s. Soybean allocation in China was investigated in detail with two 

different datasets as detailed in Methods. The allocation estimates provide necessary 

information for use in subsequent projection analyses. The second section contains results 

derived using regression analysis and projection scenarios, containing my own 

manipulation of some of the data analysis presented in part one. 

 

 

 Historical Background Results 

Global Soybean Agriculture  

 The top three global producers of soybean are the U.S.A., Brazil and Argentina. 

Globally, 111 million ha are devoted to production of soybean, up 368% since 1961 with 

a total of over 87 million ha added (Figure 1). A 17% increase in harvested area occurred 

between 1972-73, the largest increase between two consecutive years. Yearly increases 

over 5% were 1996-97, 2002-2004, 2006-2008, and the most recent data 2012-13. 
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Soybean yields have doubled while production has increased over ten times since the 

1960s. 

 

 

Figure 1. Global soybean production, harvest area and yield 1961 to 2013. Derived from 

FAOSTAT datasets. 

 

 

 

Globally, Brazil has been the second largest producer of soybean for several 

decades, but has rapidly lessened the gap between itself and the U.S.A. during the last 

two decades. Between 1970 and 1995, production gap between the US and Brazil was 

87%, and between 1995 and 2013 it dropped to 37%. Brazil is the top exporter despite 

being the second largest soybean producer globally (Table 1). China is the top importer, 

with much of the imports coming from Brazil’s production and total export volume. 
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Table 1. Top-ten soybean countries by production and trade. 

 

 
This table compares production and trade among the top ten global producers of soybean 

in 2015. Derived from USDA-FAS, Production, Supply and Distribution (PS&D) 

database, 2015. 

 

Brazil Soybean Production and Trade 

 Agriculture represents 35% of land use in Brazil. This has increased over time, at 

a steady annual rate of between 1 to 2% since the 1960s and 70s. Pastureland is the 

dominant agricultural land use in Brazil at around 70%. In 2014, over 30 million ha of 

soybean were in production in Brazil (Figure 2). Yields of over 2,800 kg/ha were 

harvested with over 86 million MT produced in 2014. Production has risen 439% since 

1980 and 311% since 1990. Harvested area in Brazil doubled by the end of the 1960’s, 

but did not exceed 1 million ha until the next decade. From 1990 until 2014 area in 

production tripled while production totals quadrupled. 

 

 

 

 

1 United States 105,732 1 Brazil 50,750 1 China 77,500 

2 Brazil 97,000    2 United States 48,308 2 European Union 13,100 

3 Argentina 57,000    3 Argentina 8,700    3 Mexico 4,050    

4 China 11,500    4  Paraguay 4,600    4  Japan 2,850    

5 India 11,500    5 Canada 3,825    5  Taiwan 2,380    

6  Paraguay 8,800      6  Uruguay 3,280    6 Indonesia 2,300    

7 Canada 6,200      7  Ukraine 2,600    7 Thailand 2,100    

8  Ukraine 4,400      8  Bolivia 300       8  Turkey 2,100    

9  Uruguay 3,500      9 India 300       9  Egypt 1,950    

10  Bolivia 3,100      10  Russia 250       10  Russia 1,800    

(1000 metric tons)

2015 Top ten global soybean countries by production and trade

Production Exports Imports
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Figure 2. Brazil soybean production, harvest area and yield 1961-2014. Derived from 

FAOSTAT datasets. 

 

 

 

Harvest area, yields and production mirror the trend in exports. Brazil exported 

about forty-five times the amount of soybean in 2014 versus 1980, with a production 

increase over five times during the same period (Figure 3). During the 1990s exports 

began to increase dramatically, from slightly over 4 million MT exported in 1990 to over 

45 million in 2014, an over 1000% increase. Brazil exported between 14-20% of its 

production totals during the 1990s and by the 2000s this increased to over 30%, reaching 

50% by 2009. In 2014, Brazil exported 53% of its total 86.7 MT produced (Table 4). 
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Figure 3. Brazil soybean production and exports 1980-2014. Derived from FAOSTAT 

and USDA-FAS datasets. 

 

 

 

Brazil’s soybean in-country utilization mirrors the U.S.A. in some respects. 

Around 95% of the soybean produced, imported, and processed in Brazil is used in 

industrial and feed capacities while about 2% is utilized for direct human food use (Table 

2). Soymeal imports did not appear consistently until 1995 (Table 3). The only other 

years soymeal imports occurred were 1975-76 and again in 1984, with exports increasing 

during early 1980s. Soybean processing in Brazil increased in the early 1980s and has 

doubled in production since 1990.  
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Table 2. Soybean utilization in Brazil in 2013. 

 

 
This table demonstrates utilization of soybean in Brazil in 2013 and the amount used for 

human consumption (food) and the amount processed into feed (animal use). Derived 

from FAOSTAT datasets. 

 

 

 

Table 3. Soymeal trade and processing in Brazil 1990-2013. 

 

 
This table provides historical information for soymeal trade and processing in Brazil 

during the years trade increased with China. Derived from FAOSTAT datasets. 

 

Production Export Import Domestic supply Food Feed Processing

81,699,776 42,796,536 282,990 38,086,230 724,622 637,039 35,513,240

% exported % food % feed % processed/dom supp

52% 2% 2% 93%

Brazil 2013 Soybean Allocation and Trade info
(metric tons)

Import Export Domestic supply (Soybean) Processing % processed
1990 41 8,744,750 16,836,302 15,129,534 90%

1991 0 7,488,583 14,698,417 13,051,248 89%

1992 0 8,548,651 16,659,855 14,853,174 89%

1993 0 9,414,378 17,936,232 16,106,790 90%

1994 1 10,643,845 19,589,501 18,182,959 93%

1995 35,480 11,600,000 21,766,646 20,387,528 94%

1996 91,815 11,261,699 21,445,611 20,031,200 93%

1997 310,288 10,013,357 20,001,644 18,507,300 93%

1998 166,183 10,446,985 22,960,983 21,435,540 93%

1999 78,064 10,430,879 22,552,475 21,046,480 93%

2000 98,704 9,389,189 22,325,281 20,756,400 93%

2001 218,723 11,270,730 24,232,314 22,641,920 93%

2002 367,549 12,517,154 27,043,909 25,244,800 93%

2003 305,417 13,602,159 29,317,829 27,437,060 94%

2004 187,797 14,485,622 30,450,381 28,449,400 93%

2005 188,689 14,421,680 31,212,194 29,268,680 94%

2006 152,418 12,332,351 29,553,086 27,765,360 94%

2007 101,215 12,474,183 32,715,746 30,854,320 94%

2008 117,317 12,287,896 33,728,334 31,679,480 94%

2009 43,397 12,252,991 31,781,639 29,817,480 94%

2010 39,475 13,668,599 36,800,783 34,794,900 95%

2011 24,805 14,355,169 38,870,632 36,524,600 94%

2012 5,019 14,289,043 38,047,001 35,705,320 94%

2013 10,625 13,333,547 38,086,230 35,513,240 93%

Soymeal trade

Brazil soymeal trade and soybean processing 1990-2013

(metric tons)
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China Soybean Production and Trade  

 Soybean harvested area dropped 33% in China between 1961 and 2014 while 

production doubled and yields tripled (Figure 4). A dramatic rise in soybean imports 

began as soybean production remained relatively static during the mid-1980s; imports 

increased 460% and production dropped 21%, with harvest area decreasing 28% since 

2000. During the same period, yields did not decrease but increased 9%. Exports have 

dropped 40% overall since 1961, and 10% since 2000. During some years in the 1980s, 

China exported over 10% of its production but exported only 2% as of 2014.  

 

Figure 4. China soybean production, harvested area, and yield 1961-2014. Derived from 

FAOSTAT datasets. 

 

 

China and Brazil Trade Summary 

 China became a top destination for Brazil soybean during the 2000s. Table 4 

shows the amount and percentage of Brazil’s soybean production exported to China and 
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the amounts China imported from Brazil from 1996-2014. The differing trade totals for 

the reporter and partner countries illustrates the discrepancies that occur in reporting. The 

percent of Brazil’s production going to China during the last two decades has increased 

almost 40% overall. In recent years, over 70% of Brazil’s total exports were destined for 

China, with this representing over 35% of Brazil’s total production. 

 

Table 4. China-Brazil trade summary 1996-2014. 

 
This table compares China and Brazil’s reported soybean imports and exports with 

Brazil’s total production to determine the percentage of Brazil soybean in China’s total 

supply. Derived from FAOSTAT database, Detailed Trade Matrix and USDA-FAS’s 

GATS database. 

 

Imports Exports Imports Exports Production

China-R/Brazil-P Brazil-R/China-P  China-R/Brazil Brazil-R/China-R      

Year

China reporter- 

from Brazil

Brazil reporter- 

to China China - Global Brazil - Global Brazil - Total

% Brazil Production 

to China

% Brazil Production 

to China 

 % Brazil total 

exports to China

% Brazil total 

exports to China 

1996 52,747          14,960          3,836,265    3,646,934    23,155,274 0.23% 0.06% 1.45% 0.41%

1997 795,694        492,977        5,671,453    8,339,590    26,391,448 3.01% 1.87% 9.54% 5.91%

1998 1,418,021    1,367,549    5,233,637    9,274,752    31,307,440 4.53% 4.37% 15.29% 14.74%

1999 860,105        632,671        6,713,349    8,917,210    30,987,476 2.78% 2.04% 9.65% 7.09%

2000 2,304,780    1,897,975    12,761,326 11,517,260 32,734,958 7.04% 5.80% 20.01% 16.48%

2001 3,502,740    3,451,943    16,420,930 15,675,543 39,058,000 8.97% 8.84% 22.35% 22.02%

2002 4,190,384    4,334,399    13,882,237 15,970,003 42,769,000 9.80% 10.13% 26.24% 27.14%

2003 7,054,828    6,657,634    23,228,660 19,890,467 51,919,440 13.59% 12.82% 35.47% 33.47%

2004 6,445,577    6,519,009    22,290,166 19,247,690 49,549,941 13.01% 13.16% 33.49% 33.87%

2005 8,498,706    7,667,386    29,070,624 22,435,072 51,182,074 16.60% 14.98% 37.88% 34.18%

2006 12,098,920 11,295,900 30,690,082 24,957,975 52,464,640 23.06% 21.53% 48.48% 45.26%

2007 10,582,110 10,287,987 33,185,354 23,733,776 57,857,200 18.29% 17.78% 44.59% 43.35%

2008 11,653,130 12,011,563 39,563,078 24,499,491 59,833,105 19.48% 20.08% 47.56% 49.03%

2009 16,615,476 16,507,849 44,951,255 28,562,707 57,345,382 28.97% 28.79% 58.17% 57.80%

2010 19,464,940 15,852,090 57,379,915 29,073,200 68,756,343 28.31% 23.06% 66.95% 54.52%

2011 21,612,207 23,071,797 54,834,369 32,985,562 74,815,447 28.89% 30.84% 65.52% 69.95%

2012 25,020,164 23,642,289 60,765,498 32,468,028 65,848,857 38.00% 35.90% 77.06% 72.82%

2013 32,793,889 33,240,011 65,554,825 42,788,462 81,724,477 40.13% 40.67% 76.64% 77.68%

2014 32,005,476 32,664,302 71,403,703 45,688,848 86,760,520 36.89% 37.65% 70.05% 71.49%

P=partner country R=reporting country

Soybean trade between China and Brazil 1996-2014

(metric tons) Brazil analysis
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Comparison of Soybean Utilization and Other Commodities 

 Soybeans have been among the top import commodities over the last several 

decades, but did not appear before wheat and maize until 2000 (Appendix, Table 26). 

Soybeans and soymeal are among the top feed commodities in China. Soybean is ranked 

first for commodities that are imported and then utilized for feed use. (“Food manu” = 

processing into soymeal, Table 5). Thus, the same trend occurs when ranking for imports, 

feed use and food manufacturing (Table 6). 

 

Table 5. Top commodities ranked by imports and feed use in China. 

 

 
This table compares soybean with other top commodities with respect to import totals 

and use as feed. Derived from FAOSTAT, Food Balance datasheet, 2013. 

 

 

 

   

 

 

Item Production Imports Exports Total Food Food manu Feed

1 Soyabeans 11,951    65,564   277      77,564    5,489      61,222    9,530      

2 Cassava and products 4,600      30,466   203      34,925    2,657      22,873    

3 Milk - Excluding Butter 40,570    9,780     233      50,117    47,009    -          1,632      

4 Wheat and products 121,931  7,572     713      126,956  89,386    317         26,694    

5 Pelagic Fish 3,954      7,557     1,350   10,161    546         9,575      

6 Maize and products 218,624  7,407     252      217,262  9,618      6,693      153,802  

7 Palm Oil 230         7,098     72        7,256      2,671      -          

8 Sugar (Raw Equivalent) 14,746    5,509     487      19,815    9,469      10,333    

9 Rape and Mustardseed 14,475    3,667     2          18,140    3             13,341    3,715      

10 Fruits, Other 55,628    3,077     2,388   56,316    51,119    1,654      -          

11 Rice (Milled Equivalent)136,873  2,714     565      135,024  109,725  12           12,117    

12 Barley and products 1,699      2,528     615      3,611      235         3,091      30           

13 Poultry Meat 18,938    1,903     1,377   19,504    19,449    2             

14 Rape and Mustard Oil 5,603      1,691     20        7,274      2,107      

15 Demersal Fish 4,387      1,546     1,114   4,819      4,819      -          

(1000 metric tons)

Top 15 commodities in China food supply ranked by imports and feed utilization 2013
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Table 6. Top commodities by imports, feed use and food manufacturing in China. 

 

 
This table compares the top commodities in China with respect to imports, usage for 

livestock feed, and then for food manufacturing use. “Food manu” corresponds to the 

processing of soybean into soymeal, primarily used in livestock feeds. Derived from 

FAOSTAT, Food Balance datasheet, 2013. 

 

  

 Other agricultural products such as maize, wheat, and cassava (mainly fed to 

ruminants) rank ahead of soybean when not considering import figures. Note that 

soybean ranks lower here for in-country production of soybean, but in the “food manu” 

column it is quite high, and most of that is coming from imports as illustrated (Table 7).  

 

 

 

 

 

 

Item Production Imports Exports Total Food Food manu Feed

1 Soyabeans 11,951    65,564   277      77,564    5,489      61,222    9,530      

2 Cassava and products 4,600      30,466   203      34,925    2,657      22,873    

3 Milk - Excluding Butter 40,570    9,780     233      50,117    47,009    -          1,632      

4 Wheat and products 121,931  7,572     713      126,956  89,386    317         26,694    

5 Pelagic Fish 3,954      7,557     1,350   10,161    546         9,575      

6 Maize and products 218,624  7,407     252      217,262  9,618      6,693      153,802  

7 Palm Oil 230         7,098     72        7,256      2,671      -          

8 Sugar (Raw Equivalent) 14,746    5,509     487      19,815    9,469      10,333    

9 Rape and Mustardseed 14,475    3,667     2          18,140    3             13,341    3,715      

10 Fruits, Other 55,628    3,077     2,388   56,316    51,119    1,654      -          

11 Rice (Milled Equivalent)136,873  2,714     565      135,024  109,725  12           12,117    

12 Barley and products 1,699      2,528     615      3,611      235         3,091      30           

13 Poultry Meat 18,938    1,903     1,377   19,504    19,449    2             

14 Rape and Mustard Oil 5,603      1,691     20        7,274      2,107      

15 Demersal Fish 4,387      1,546     1,114   4,819      4,819      -          

Top 15 commodities in China food supply ranked by imports, feed use, and food manufacturing 2013

(1000 metric tons)
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Table 7. Top commodities ranked by feed use and food manufacturing in China.  

 
This table compares the top commodities in China without considering imports first. This 

provides evidence that China relies heavily on imports of soybean for use in feed and 

food manufacturing (processing), with it appearing well below other commodities in this 

instance. Derived from FAOSTAT, Food Balance datasheet, 2013. 

 

 

 

Soybean Use Over Time 

 Soybean food and feed use allocation totals have reversed during the last five 

decades in China. Table 8 illustrates soybean used as food in China relative to other 

commodities starting in 1961. Other commodities highlighted are some of the animal-

derived sources that are increasing in consumption today, like pork (pigmeat), milk, and 

eggs. Poultry doesn’t even appear until the 2000s, while pork has been among the top 

sources for several decades. Table 9 illustrates soybean shifting to feed use beginning in 

the 2000s.    

 

 

Item Production Imports Exports Total Food Food manu Feed

1 Maize and products 218,624  7,407     252      217,262  9,618      6,693      153,802  

2 Vegetables, Other 510,319  1,448     8,193   503,574  430,046  -          35,582    

3 Sweet potatoes 70,741    17          122      70,636    33,734    33,368    

4 Wheat and products 121,931  7,572     713      126,956  89,386    317         26,694    

5 Cassava and products 4,600      30,466   203      34,925    2,657      22,873    

6 Potatoes and products 95,988    1,172     441      96,719    57,732    8,453      22,196    

7 Rice (Milled Equivalent)136,873  2,714     565      135,024  109,725  12           12,117    

8 Pelagic Fish 3,954      7,557     1,350   10,161    546         9,575      

9 Soyabeans 11,951    65,564   277      77,564    5,489      61,222    9,530      

10 Sugar cane 128,851  929        3          129,777  31           122,563  7,183      

11 Rape and Mustardseed 14,475    3,667     2          18,140    3             13,341    3,715      

12 Sugar beet 9,260      -         3          9,257      6,457      2,800      

13 Sorghum and products 2,895      1,198     17        4,075      1,855      1,998      

14 Milk - Excluding Butter 40,570    9,780     233      50,117    47,009    -          1,632      

15 Peas 1,566      1,054     3          2,617      858         1,600      

Top 15 commodities in China food supply ranked by feed use and food manufacturing 2013
(1000 metric tons)
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Table 8. Food use ranking of soybean in China during last five decades. 

 

 
This table derived from FAOSTAT-Food Balance sheets for years illustrated.  

 

 

 

Table 9. Feed use ranking of soybean in China during last five decades. 

 
This table derived from FAOSTAT, Food Balance Sheets for years illustrated.  

 

1961 1970 1980 1990 2000 2013

1 Sweet potatoes Sweet potatoes Sweet potatoes Vegetables, Other Vegetables, Other Vegetables, Other

2 Vegetables, Other Rice Rice Rice Rice Rice

3 Rice Vegetables, Other Wheat and products Wheat and products Wheat and productsWheat and products

4 Wheat and products Wheat and productsVegetables, Other Sweet potatoes Sweet potatoes Potatoes and products

5 Potatoes and productsPotatoes and productsPigmeat Pigmeat Potatoes and productsPigmeat

6 Millet and products Millet and products Potatoes and productsPotatoes and products Pigmeat Beer

7 Sorghum and productsSorghum and productsTomatoes and productsSugar Fruits, Other Fruits, Other

8 Tomatoes and productsPigmeat Sugar Beer Beer Milk 

9 Barley and products Soyabeans Maize and products Eggs Eggs Tomatoes and products

10 Onions Tomatoes and productsSorghum and productsBeverages, Alcoholic Tomatoes and productsSweet potatoes

11 Soyabeans Maize and productsMillet and products Fruits, Other Apples and productsApples and products

12 Soyabeans Tomatoes and productsPoultry Meat Eggs

13 Beverages, Alcoholic Milk Onions Freshwater Fish

14 Fruits, Other Freshwater Fish Milk Oranges, Mandarines

15 Milk Maize and products Freshwater Fish Poultry Meat

16 Oranges, Mandarines Maize and products Onions

17 Soyabeans Molluscs, Other Aquatic Plants

18 Oranges, MandarinesMolluscs, Other

19 Sugar Bananas

20 Aquatic Plants Maize and products

21 Soyabeans Sugar 

22 Grapes and products

23 Bovine Meat

24 Beverages, Alcoholic

25 Crustaceans

26 Soyabeans

Soybean food use evolution over 5 decades in China

1961 1970 1980 1990 2000 2013

1 Maize and products Maize and products Maize and products Maize and products Maize and products Maize and products

2 Sweet potatoes Sweet potatoes Sweet potatoes Sweet potatoes Sweet potatoes Vegetables, Other

3 Rice Rice Rice Rice Vegetables, Other Sweet potatoes

4 Potatoes and productsPotatoes and products Potatoes and products Potatoes and productsRice Wheat and products

5 Vegetables, Other Sorghum and products Sorghum and products Sugar cane Potatoes and products Cassava and products

6 Cassava and productsCottonseed Cottonseed Pelagic Fish Pelagic Fish Potatoes and products

7 Millet and products Millet and products Cassava and products Cassava and products Sugar cane Rice

8 Wheat and products Vegetables, Other Millet and products Cottonseed Wheat and products Soyabeans

9 Rye and products Cassava and products Pelagic Fish Sorghum and productsCassava and products Pelagic Fish

10 Sorghum and productsWheat and products Vegetables, Other Vegetables, Other Soyabeans Sugar cane

11 Oats Oats Pulses, Other and productsSugar beet Sugar beet Rape and Mustardseed

12 Milk Barley and products Barley and products Milk - Excluding ButterSorghum and products Sugar beet

13 Soyabeans Peas Sugar beet Pulses, Other and productsRape and Mustardseed Sorghum and products

14 Pulses, Other and productsMilk - Excluding Butter Barley and products Millet and products Milk - Excluding Butter

15 Soyabeans Peas Millet and products Pulses, Other and productsPeas

16 Wheat and products Oilcrops, Other Milk - Excluding Butter Cottonseed

17 Cereals, Other Peas Cereals, Other Sunflower seed

18 Soyabeans Cereals, Other Cottonseed Millet and products

19 Rape and MustardseedRye and products Pulses, Other and products

20 Soyabeans Oats Cereals, Other

Soybean feed use evolution over 5 decades in China
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Soybean Allocation Estimates for China 

 FAO and USDA databases were used to calculate the utilization of soybean in 

China for food and feed usage, along with estimates of the amount that is Brazil-derived 

soybean. The trade information discussed above was used to determine these results for 

Brazil based soybean. The equations used to calculate these results are in the Methods 

section and referenced within text. 

 

FAO Based Estimates 

In 2013, China allocated 7% of the domestic supply of soybean toward direct 

consumption via food use, down 82% since 1990, while a total of 92% went into feed use 

(whole soybean) and processing into soybean meal (Equations 1-3) (Table 10). In 

contrast, in 1990 total feed use of soybean was just 34% while food use was 66%; two-

thirds of usage compared with just 12% in 2013. Food use increased slightly, however, 

from over 5 million MT to over 8 million MT in 2013. Feed use totals increased over 

1000% since 1990, with the allocation increasing 158%. Processing totals increased 62% 

since 1990, from a little over 5 million MT to over 51 million MT of soybean sent for 

processing into soymeal. 
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Table 10. Initial soybean use and processing in China from 1990-2013. 

 
This table illustrates the initial use of soybean in China and subsequent totals that go into 

processing. Derived from FAOSTAT - Food Balance datasets. 

 

 

Taking into account oil used in foods and meal used in feed, 88% of the total 

soybean supply was allocated to feed use while 12% went toward food use in 2013 

(Equations 4 & 5) (Table 11). 

  

Year

Domestic 

supply total 

Soybean 

(food use) % Food use

Soybean 

(feed use)

% Feed 

use Processing

% 

Processed

1990 11,681,782 4,555,560 39% 250,000     2% 5,706,800    49%

1991 11,359,405 3,998,065 35% 200,000     2% 5,807,400    51%

1992 12,075,670 4,599,993 38% 200,000     2% 5,500,000    46%

1993 16,261,783 5,811,364 36% 800,000     5% 8,185,000    50%

1994 17,485,776 6,910,172 40% 700,000     4% 8,446,300    48%

1995 16,255,144 6,012,792 37% 450,000     3% 7,910,500    49%

1996 17,994,055 6,131,850 34% 300,000     2% 9,910,500    55%

1997 20,092,724 7,441,287 37% 300,000     1% 10,721,100 53%

1998 20,283,107 5,944,967 29% 400,000     2% 12,507,900 62%

1999 20,729,471 4,747,881 23% 1,457,025 7% 12,948,400 62%

2000 27,011,850 5,396,121 20% 2,009,406 7% 17,780,000 66%

2001 30,772,329 5,344,569 17% 2,655,486 9% 20,947,400 68%

2002 31,553,649 4,776,054 15% 1,906,674 6% 22,901,000 73%

2003 37,123,862 4,994,540 13% 2,911,341 8% 27,392,000 74%

2004 39,524,928 5,096,659 13% 3,594,374 9% 28,828,000 73%

2005 43,224,243 5,520,142 13% 3,013,609 7% 32,801,500 76%

2006 45,767,359 5,426,076 12% 3,215,816 7% 35,330,000 77%

2007 47,396,299 5,298,593 11% 3,408,421 7% 36,859,000 78%

2008 50,366,832 5,394,248 11% 3,609,155 7% 39,584,000 79%

2009 56,331,604 5,592,321 10% 4,820,770 9% 44,165,000 78%

2010 67,687,824 5,788,143 9% 9,016,061 13% 51,120,000 76%

2011 69,377,189 5,488,237 8% 6,020,093 9% 56,118,000 81%

2012 73,452,903 5,490,195 7% 7,028,788 10% 59,501,000 81%

2013 77,564,423 5,488,976 7% 9,529,626 12% 61,222,000 79%

Soybean processing

China Soybean feed and food use comparison and percentage 1990-2013

FAO based estimates

(metric tons)

Initial soybean use
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Table 11. Soybean processing and total allocation in China 1990-2013. 

 

 
This table depicts results for soybean after processing (crush) and totals the food and feed 

uses adding info from Table 10. The result depicts the total food and feed allocation in 

China for soybean. Derived from FAOSTAT-Food Balance datasets. 

 

 Using results for feed and food % of soybean from Table 10, Table 12 shows the 

estimated metric tons of soybean that is Brazil-derived for use as food and feed in China 

from 1990-2013 (Equations 6-7). Feed use totals are calculated by multiplying the total 

Year

Soymeal total 

(post-process)

Soybean oil 

(food use)

Food use total 

(soybean+soyoil)

Feed use total 

(soybean+soymeal) % Feed % Food 

1990 2,699,830        1,175,267   5,730,827             2,949,830                   34% 66%

1991 2,742,612        1,267,883   5,265,948             2,942,612                   36% 64%

1992 3,897,273        1,244,818   5,844,811             4,097,273                   41% 59%

1993 6,433,914        1,208,289   7,019,653             7,233,914                   51% 49%

1994 5,858,232        1,365,988   8,276,160             6,558,232                   44% 56%

1995 5,577,051        1,542,434   7,555,226             6,027,051                   44% 56%

1996 9,904,546        1,731,583   7,863,433             10,204,546                56% 44%

1997 12,204,201      2,002,513   9,443,800             12,504,201                57% 43%

1998 13,928,271      1,983,287   7,928,254             14,328,271                64% 36%

1999 11,168,734      2,141,344   6,889,225             12,625,759                65% 35%

2000 15,068,570      2,366,198   7,762,319             17,077,976                69% 31%

2001 16,914,888      2,424,662   7,769,231             19,570,374                72% 28%

2002 17,751,699      2,647,314   7,423,368             19,658,373                73% 27%

2003 21,703,955      2,844,539   7,839,079             24,615,296                76% 24%

2004 23,081,048      2,995,606   8,092,265             26,675,422                77% 23%

2005 26,604,767      3,110,646   8,630,788             29,618,376                77% 23%

2006 29,306,637      3,404,707   8,830,783             32,522,453                79% 21%

2007 29,453,300      3,476,094   8,774,687             32,861,721                79% 21%

2008 32,197,448      3,089,366   8,483,614             35,806,603                81% 19%

2009 35,195,949      2,982,016   8,574,337             40,016,719                82% 18%

2010 41,069,129      2,955,617   8,743,760             50,085,190                85% 15%

2011 45,859,268      3,144,543   8,632,780             51,879,361                86% 14%

2012 47,592,040      2,925,846   8,416,041             54,620,828                87% 13%

2013 49,143,019      2,873,515   8,362,491             58,672,645                88% 12%

China Soybean feed and food use comparison and percentage 1990-2013

FAO based estimates

(metric tons)
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exports to China by the feed % column, and likewise for food use totals. Included are 

exports for all soybean- whole, soymeal (soycake) and soybean oil.  

 

Table 12. Brazil-derived soybean utilization in China 1990-2013. 

 

 
This table uses Brazil export totals to China and allocation percentages for food and feed 

use of soybean in China to determine an amount estimated to be Brazil-derived for such 

uses. Derived from FAOSTAT- Detailed Trade Matrix and Food Balance datasets. 

 

 

 

 

 

 

 

Year

% 

Feed

% 

Food Soybean Soymeal

Soybean 

oil

Total Soybean 

Exports to 

China

Feed use- 

Brazil soybean 

(estimate)

Food use - 

Brazil soybean 

(estimate)

1990 34% 66% -                  68,049       312,100  380,149          129,181           250,968          

1991 36% 64% -                  -               150,392  150,392          53,913             96,479             

1992 41% 59% -                  50,135       -            50,135            20,661             29,474             

1993 51% 49% -                  45,315       46,164    91,479            46,427             45,052             

1994 44% 56% 6,200             966,577     -            972,777          430,061           542,716          

1995 44% 56% -                  979,927     812,181  1,792,108      795,237           996,871          

1996 56% 44% 14,960           1,258,313 979,670  2,252,943      1,272,431       980,512          

1997 57% 43% 492,977        92,473       784,213  1,369,663      780,324           589,339          

1998 64% 36% 1,367,549    67,721       236,378  1,671,648      1,076,171       595,477          

1999 65% 35% 632,671        242              165,090  798,003          516,290           281,713          

2000 69% 31% 1,897,975    5,124          140,913  2,044,012      1,405,281       638,731          

2001 72% 28% 3,451,943    -               117,146  3,569,089      2,554,843       1,014,246      

2002 73% 27% 4,334,399    -               436,917  4,771,316      3,463,452       1,307,864      

2003 76% 24% 6,657,634    -               559,070  7,216,704      5,473,570       1,743,134      

2004 77% 23% 6,519,009    15,962       926,857  7,461,828      5,725,069       1,736,759      

2005 77% 23% 7,667,386    650              370,609  8,038,645      6,224,753       1,813,892      

2006 79% 21% 11,295,900  1,635          285,008  11,582,543    9,109,147       2,473,396      

2007 79% 21% 10,287,987  -               426,474  10,714,461    8,456,436       2,258,025      

2008 81% 19% 12,011,563  20,755       703,867  12,736,185    10,296,620    2,439,565      

2009 82% 18% 16,507,849  16,634       544,361  17,068,844    14,056,890    3,011,954      

2010 85% 15% 15,852,090  -               914,933  16,767,023    14,274,937    2,492,086      

2011 86% 14% 23,071,797  33,397       519,502  23,624,696    20,254,351    3,370,345      

2012 87% 13% 23,642,289  -               946,173  24,588,462    21,305,661    3,282,801      

2013 88% 12% 33,240,011  -               446,491  33,686,502    29,484,182    4,202,320      

Brazil Exports to China and estimted Feed and Food use totals

(metric tons)
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USDA Based Estimates  

 Table 13 shows calculations for the USDA based estimations on soybean 

allocation, with food use of soybean in China between 21-30%, and feed use between 66 

and 86%.  

 

Table 13. Summary of soybean food and feed utilization in China 2013/14. 

 

 
This table summarizes the total soybean utilization in China based on USDA projection 

data for 2013/14. Derived from USDA-ERS ILP to 2024 dataset. 

 

 

The USDA-based calculations are broken into three tables for Soybean (initial 

utilization), Soymeal (processing/crush into soybean meal/cake), and Soybean oil (by-

product of the crush processing) (see Appendix, Table 24 for original dataset). Tables 14 

and 15 provide more detailed allocation estimates for the first year projection totals, 

including estimates of Brazil-based soybean going toward each allocation process.   

Table 14 illustrates results for the initial whole soybean utilization. Twelve 

percent of whole soybean is used for food use and 2% for feed use, with 86% of China’s 

entire soybean base allocated to the crush process to make soymeal (Equations 8, 9, 10). 

Total cons (base)

80,300,000

Food use (total)
Food use 

(soymeal + oil)

Food use 

(soybean + 

meal)

Total soymeal 

(crush) base

Feed use     

(soybean + meal)

24,267,000            14,617,000       10,610,000   68,850,000           53,374,000              

Food use- soybean
 Food use- 

meal+oil
Feed use Feed use   Feed use

30% 21% 66% 78% 86%

[food/total cons] [food/crush base] [feed/total cons] [feed/crush base] [crush/total cons]

China - Food/Feed allocation summary - total soybean base

(metric tons)
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The estimated amount of Brazil based soybean going to the crush process was over 28 

million MT, 41% of China’s entire crush processing base (Equation 17). The estimated 

amount of Brazil based soybean going toward food use was over 4.5 million MT, seven 

times less than that used for crush processing (Equation 16).  

 

Table 14. Allocation of whole soybean in China 2013/14. 

 

 
This table calculates how initial soybean is allocated to food or feed use and then to the 

“crush” processing for soymeal and estimates the amount of Brazil-origin soybean for 

such uses. Derived from USDA-ERS ILP to 2024 dataset. 

 

 

 Table 15 displays allocation results for soymeal (post processing of initial whole 

soybean) use in China. Soymeal use is 98% for feed (Equation 19) and 2% for food use 

(Equation 16). Brazil soymeal exports to China were added to the original Brazil-based 

crush estimate to total 28,204,229 MT of Brazil based soy. Total soybean crush base was 

68,500,000 MT, and after processing results in 52,534,000 MT of soymeal with 54% of 

this being Brazil based soy. Food use of soycake is 2%, and feed use is 98% (Equations 

Soybean Base Crush Allocation Crush %

80,300,000   68,850,000        86%

Food use Feed use Total (food+feed) % Food % Feed

9,650,000     1,800,000           11,450,000                   12% 2%

Brazil exports 

(2014) % Brazil based

Brazil estimated 

amount to Crush base 

(Brazil Exp*Crush%)

% Brazil Crush 

base

Brazil est amt 

to food/feed 

use

32,664,302 41% 28,091,300 41% 4,573,002     

USDA data based allocation estimates 

(Metric tons)

 China/Brazil soybean allocation estimates



 

45 

 

18, 19). Brazil derived soybean and soymeal breaks down to 3% going toward food use 

of soycake and 55% for feed use- thus over half of the Brazil exported soybean that 

comprises the crush process goes toward animal protein production (Equations 16, 17). 

The last detail in Table 15 shows Brazil soybean oil exported to China, which comprises 

3% of China’s total production and trade of soybean oil (Equation 20).  

 

Table 15. Soymeal utilization in China 2013/14.  

 

 
This table shows results for soymeal utilization in China with estimates of Brazil-origin 

soybean for food and feed uses. Derived from USDA-ERS ILP to 2024 dataset. 

 

 

 

 

 

 

Soybean (Crush) 

Base

Soymeal Export from 

Brazil

Total Brazil-based 

soymeal

68,850,000           112,929                        28,204,229                  

Total soymeal 

base after trade 

and processing

% of total Brazil-based
% Brazil-based food 

use

% Brazil-based feed 

use

52,534,000           54% 3% 55%

Total food use of 

soymeal

Total feed use of 

soymeal

960,000                51,574,000                   

Food % Feed %

2% 98%

Soybean Base
Soyoil production + 

imports - exports
Brazil exports to China % from Brazil

68,850,000           13,594,000                   396,088                       3%

(Metric tons)

China/Brazil - Soybean meal (crush) allocation 

USDA data based allocation estimates 
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China Nutrition Trends 

 

 Nutrition information is presented to give historical background on how the 

changes in consumption over time has influenced where soybean is being utilized most 

now. Food Balance data shows the total amount of a commodity in the food supply, 

giving a relative indication of consumption patterns. Food Security Indicators provide 

survey based consumption information. The two are presented together to give a fuller 

picture of estimated consumption patterns and indications of future trends.  

 Between 2005-2015 consumption of meat increased 20% in China (Figure 5). The 

largest increase was in pork consumption, from 27 kg/cap/year to 32 kg/cap/year.  

 

 

Figure 5. China’s meat consumption by product in kg per capita per year 2005-2015. 

Derived from OECD dataset. 
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 When compared to poultry and beef, pork was the most consumed meat protein 

even in earlier decades (Figure 6).  Consumption of beef has remained relatively steady 

since the early 2000s. 

 

 
 

Figure 6. Meat in the food supply in China by kg/cap/year 1980-2013. Derived from 

FAOSTAT Food Balance-Food Supply datasets. 

 

 

 

 Comparing Figures 5 and 6, a similar trend is illustrated over 3 decades, with pork 

the predominant meat product consumed and in the food supply overall. Meat in the food 

supply increased over 300% during this period, from 13.6 kg/cap/year to 61 kg/cap/year. 

Pork consumption almost quadrupled in just 3 decades. During the time of increased 

soybean imports (Table 4) consumption of both pork and poultry products increased, with 

pork leading this increase. 
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 China’s protein supply increased 45% overall between 1990 and 2011, while 

that sourced from animals more than doubled- from 15 g/cap/day to 37 g/cap/day (Table 

16). Animal sourced food was 23% of the protein proportion in the 1990-1992 interval 

while it increased to 39% of protein source in 2009-2011 interval. Amount of energy  

derived from cereals, roots and tubers decreased 25% overall. The total amount of 

calories in the average Chinese diet appears to be 52% cereal-derived and 39% animal 

sourced during 2009-2011. 

 

Table 16. Breakdown of protein consumption in China via animal and plant-derived 

sources. 

 

 
This table compares consumption changes of protein sources in China. Derived from 

FAOSTAT- Food Security Indicators datasets. 

 

3 year average Protein supply 

(g/cap/day)

Animal origin 

(g/cap/day)

Animal 

Origin (%)

Cereals, roots 

and tubers (%)

1990-1992 65 15 23% 69%

1991-1993 67 16 24% 68%

1992-1994 70 18 26% 67%

1993-1995 73 20 27% 66%

1994-1996 76 22 29% 65%

1995-1997 78 23 29% 64%

1996-1998 79 24 30% 63%

1997-1999 80 25 31% 63%

1998-2000 82 27 33% 62%

1999-2001 83 27 33% 61%

2000-2002 84 28 33% 60%

2001-2003 84 29 35% 59%

2002-2004 85 30 35% 58%

2003-2005 86 31 36% 57%

2004-2006 87 32 37% 56%

2005-2007 88 33 38% 55%

2006-2008 90 34 38% 54%

2007-2009 91 35 38% 53%

2008-2010 93 36 39% 52%

2009-2011 94 37 39% 52%

% change 

1990/2011
45% 147% 71% -25%

Average supply of protein

China - Food Security Indicators



 

49 

 

 Soybean has remained an important source of protein in China even as meat 

consumption has increased (Table 17). Increased calories from the consumption of 

soybean oil correlates well with the increase in soybean processing into soymeal. 

 

Table 17. Comparison of soybean in commodity and food supply in China.  

 

 
This table compares the food supply of soybean versus the amount going toward the 

commodity supply for whole soybean, soybean oil and soymeal. Derived from 

FAOSTAT Food Balance- Food and Commodity Balance datasets. 

 

 

Year
Food 

supply 
(MT)

Food 

Supply 
kg/cap/yr

Protein 
g/cap/day

Soybean Oil 
kcal/cap/day Food use Feed use

Food use 

Soybean oil 

Feed use 

Soymeal

1990 4,555,560 3.82 3.22 24 4,555,560 250,000 1,175,267 2,699,830

1991 3,998,065 3.31 2.78 25 3,998,065 200,000 1,267,883 2,742,612

1992 4,599,993 3.75 3.25 25 4,599,993 200,000 1,244,818 3,897,273

1993 5,811,364 4.69 4.11 24 5,811,364 800,000 1,208,289 6,433,914

1994 6,910,172 5.51 4.8 26 6,910,172 700,000 1,365,988 5,858,232

1995 6,012,792 4.75 4.18 30 6,012,792 450,000 1,542,434 5,577,051

1996 6,131,850 4.81 4.2 33 6,131,850 300,000 1,731,583 9,904,546

1997 7,441,287 5.79 5.1 38 7,441,287 300,000 2,002,513 12,204,201

1998 5,944,967 4.59 4.02 37 5,944,967 400,000 1,983,287 13,928,271

1999 4,747,881 3.65 3.12 40 4,747,881 1,457,025 2,141,344 11,168,734

2000 5,396,121 4.12 3.57 44 5,396,121 2,009,406 2,366,198 15,068,570

2001 5,344,569 4.06 3.54 45 5,344,569 2,655,486 2,424,662 16,914,888

2002 4,776,054 3.6 3.12 48 4,776,054 1,906,674 2,647,314 17,751,699

2003 4,994,540 3.75 3.27 52 4,994,540 2,911,341 2,844,539 21,703,955

2004 5,096,659 3.8 3.32 54 5,096,659 3,594,374 2,995,606 23,081,048

2005 5,520,142 4.09 3.6 56 5,520,142 3,013,609 3,110,646 26,604,767

2006 5,426,076 4 3.51 61 5,426,076 3,215,816 3,404,707 29,306,637

2007 5,298,593 3.88 3.41 62 5,298,593 3,408,421 3,476,094 29,453,300

2008 5,394,248 3.93 3.45 54 5,394,248 3,609,155 3,089,366 32,197,448

2009 5,592,321 4.05 3.57 52 5,592,321 4,820,770 2,982,016 35,195,949

2010 5,788,143 4.16 3.68 51 5,788,143 9,016,061 2,955,617 41,069,129

2011 5,488,237 3.92 3.45 54 5,488,237 6,020,093 3,144,543 45,859,268

2012 5,490,195 3.9 3.43 50 5,490,195 7,028,788 2,925,846 47,592,040

2013 5,488,976 3.87 3.41 49 5,488,976 9,529,626 2,873,515 49,143,019

 China - Comparison of soybean in food and commodity supply

Food Supply - Soybean Commodity supply - Soybean (metric tons)
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 Since 1990, soybean oil in the food supply has increased 42%, which correlates 

well to the increased percentage of soybean being used for processing into soybean meal. 

Soybean oil imports have also remained over 1 million MT since 1994. 

 Protein sources in China show the trend of increased meat consumption, with 

pork, poultry, eggs, fish, and milk ranking near one another in the food supply as top 

sources. Wheat, rice and vegetables, however, remain in the top three (Table 18). 

Soybean remains in the top as well, above “bovine” meat and other types or animal 

derived protein. 

 

Table 18. Top protein sources in the food supply in China for 2013 ranked by gr/cap/day. 

 

 
This table illustrates the top commodities in China ranked by protein in grams per capita 

per day. Derived from FAOSTAT Food Balance sheet, 2013. 

 

Item Prod. Impo. Stock Var. Exp. Total Food Food Manu Feed Seed Waste Oth. Uses Kg/Yr Kcal/Day

Protein 

Gr/Day

Fat 

Gr/Day

Wheat and products 121931 7572 -1834 713 126956 89386 317 26694 4600 3010 2948 63.1 546 17.4 2.9

Rice 136873 2714 -3998 565 135024 109725 12 12117 4679 6406 2085 77.45 797 14.47 2.68

Vegetables, Other 510319 1448 0 8193 503574 430046 0 35582 37927 19 303.6 201 11.32 1.74

Pigmeat 53752 1436 0 458 54730 54689 21 19 38.6 368 11.62 35.27

Eggs 29129 126 0 102 29152 26417 762 1481 492 18.65 75 5.85 5.35

Poultry Meat 18938 1903 40 1377 19504 19449 2 54 13.73 65 4.45 5.04

Freshwater Fish 25240 314 0 1078 24477 22477 2000 15.87 30 4.73 1.09

Soyabeans 11951 65564 326 277 77564 5489 61222 9530 713 610 1 3.87 36 3.41 1.24

Milk - Excluding Butter 40570 9780 0 233 50117 47009 0 1632 1433 42 33.18 59 3.12 3.25

Groundnuts (Shelled Eq)11913 38 -66 417 11468 5398 5300 295 476 0 3.81 54 2.32 4.48

Maize and products 218624 7407 -8516 252 217262 9618 6693 153802 1651 10295 35203 6.79 54 1.17 0.18

Potatoes and products 95988 1172 0 441 96719 57732 8453 22196 3102 4803 434 40.75 79 1.89 0.11

Bovine Meat 6745 765 0 98 7412 7403 0 9 5.23 29 1.96 2.25

Mutton & Goat Meat 4083 296 0 4 4375 4374 1 3.09 17 1.16 1.36

Offals, Edible 4080 1540 440 5180 5042 50 89 3.56 11 1.74 0.33

Demersal Fish 4387 1546 0 1114 4819 4819 0 0 3.4 6 1.18 0.06

Population

Barley and products 1699 2528 -1 615 3611 235 3091 30 49 200 7 0.17 1 0.03 0

Rye and products 650 0 0 0 650 122 480 21 27 0.09 1 0.02 0

Oats 614 152 0 4 762 215 500 17 30 0.15 1 0.03 0.01

Top protein sources in China for 2013

Domestic Supply Domestic Utilization Per Capita Supply

1000 metric tons
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 China and Chinese provinces rank among the top 15 countries where soybean is a 

major protein source (Table 19). China represents an emerging economically developing 

country that continues to utilize soybean directly for protein. 

 

Table 19. Top countries for use of soybean as a protein source.  

 

 
This table compares how protein from soybean ranks by country via grams per day, 

kilograms per year, and kilocalorie per day in 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Protein Fat

Countries Prod. Impo. Stock Var. Exp. Total Food Food Manu Feed Seed Waste Oth. Uses Kg / Yr KCal / Day Gr / Day Gr / Day

Province of Taiwan, China 1 2141 326 8 2460 395 2060 0 4 16.95 99 11.06 5.31

Zambia 261 1 -120 2 140 106 20 9 5 7.3 67 7.6 3.6

Viet Nam 168 570 0 16 722 527 74 95 4 22 5.75 61 5.24 2.36

China 11951 65564 326 277 77564 5489 61222 9530 713 610 1 3.87 36 3.41 1.24

China, mainland 11951 63381 0 250 75081 5072 59162 9530 713 604 3.66 35 3.29 1.18

Brazil 81700 283 -1100 42797 38086 725 35513 637 1211 3.62 18 2.33 0.18

Panama 0 14 0 14 14 0 3.53 38 3.19 1.55

Republic of Korea 340 20 0 360 73 249 24 14 2.93 30 2.77 1.04

Hong Kong SAR China 41 0 19 22 20 2 1 2.79 26 2.41 0.85

Nigeria 600 13 2 611 451 20 61 17 61 2.6 29 2.4 1.28

Thailand 190 1682 0 12 1860 143 1428 3 93 194 2.13 22 1.96 0.98

Macao SAR China 1 0 1 1 2.03 14 1.49 0.52

Belize 4 0 0 0 4 1 4 0 0 0 1.88 17 1.89 0.87

Peru 3 163 0 165 48 2 0 8 107 1.59 17 1.45 0.71

Burkina Faso 22 0 0 0 22 21 0 1 1.22 11 1.27 0.6

Indonesia 780 1789 4 2565 279 2109 48 130 1.12 11 1.02 0.37

2013 - Soybean in the world food supply - ranked by protein

Domestic Supply Domestic Utilization Per Capita Supply

Total

1000 metric tons
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Projection Results 

 The following sections contain results from two projection analyses. These 

analyses use results from earlier tables or figures presented in the historical background 

section. The first part projects utilization of soybean for food and feed over the next 

several decades, while the last part in this section constructs a series of scenarios based 

on population and protein demand in China.  

 

Projected Soybean Allocation Trends 

 A projection for food and feed usage of soybean in China to 2050 was calculated 

by fitting a regression equation to data from Table 11. The results of the regression are 

presented in Figure 7.  

FAO Derived Projection  

 Feed usage more than doubles by 2050, with a 139% increase from 2013. With 

this projection, over 81 million metric tons of soybean is required for feed usage, seventy 

times more than 1990 totals (Figure 8). Food use increases 59% from 2013-2050, and 

132% from 1990 through 2050.  Over 4.9 million metric tons of soybean would be 

required with this projection for food use (Figure 9). In total, over 153 million MT of 

soybean would be utilized for either feed or food use by 2050, with feed making up 91% 

and food 9% of total soybean use, a 3 percent increase of current allocation split for each 

(Figure 10). 
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Figure 7. Observed data and projected trendlines for feed and food use of soybean in 

China 1990-2050.  

 

 

 

 
 

Figure 8. Observed and projected feed use totals of soybean in China 1990-2050. 
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Figure 9. Oberved and projected food use totals of soybean in China 1990-2050. 

 

 

 

 
 

Figure 10. Projected soybean allocation in China 2014-2050.  

 

 In the Brazil-derived soybean trend analysis, food and feed use of soybean are 

very low at the start of the trend because China did not start increasing imports of 
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soybean from Brazil until the mid 2000’s (see Table 4). Both a linear and a polynomial 

equation was used to predict possible future totals based on 1990-2013 data. Under the 

linear regression projection, feed use increases 90% from 2013 observed totals, with over 

55 million MT of soy required (Figure 11). That is 400 times the 1990 total and 63% of 

China’s projected soybean use of feed by 2050. The polynomial trend, though showing a 

good fit to the observed data, increases even more during the end of the projection, with a 

689% increase from 2013 totals, and over 203 million MT of soybean required, three 

times the amount illustrated by the linear trend.  

 

 
 

Figure 11. Current and projected feed use totals of Brazil-derived soybean in China 1990-

2050. 
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USDA based data projection 

 This trend analysis is based on soybean production data from USDA FAS 

(Appendix, Table 24). Feed use increases 150% in the linear regression analysis and over 

400% in the polynomial for the projected period (Figure 12). Over 100 million more MT 

soybean are required by 2050 for feed utilization under the linear projection and over 300 

million MT in the polynomial projection. Food use increases 79%, with over 7 million 

MT more soybean between 2016-2050, and when compared with the feed projection, 

represents on average 11% of total soybean use over the total projected period. The ratio 

of food to feed is 11% to 89% by 2050, only 2 points lower than the FAO projection 

(Figure 13). Over 187 million MT more soybean would be required by 2050 for both uses 

under this scenario. 

 

 

Figure 12. Observed and projected soybean feed use in China to 2050. 
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Figure 13. Projected food and feed use of soybean in China through 2050. 

 

 

 

 

 Combining FAO and USDA based projections, a range from 5-7 million MT of 

soybean are required for food use and 83-153 (300 MT with the polynomial trendline) 

million MT for feed use under present trends continuing.  

 

Protein Projections 

 A few scenarios were explored to examine protein content with regard to soybean, 

pork and poultry production and requisite land use. To evaluate how much protein would 

be available by consuming soybean directly, totals were first calculated by converting the 

total amount of protein available in the food supply in China to metric tons equivalent of 

soybean. The second soybean protein scenario used results from a regression of soybean 

production data, and a percent range of protein content was then used to examine the 

amount of protein provided and land use needed.  Lastly, future pork and poultry 
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production totals were based on a regression of production data, and the soymeal 

embedded in the projected pork and poultry totals was estimated. The requisite amount of 

soybean and soybean ha needed for the livestock derived protein was calculated. (P 

demand= Protein demand in following descriptions). The protein demand is based on the 

current level of protein available in the food supply in China (Appendix, Table 28). When 

describing “meeting current demand” or projected demands, the assumption here is “by 

how much” does soybean, pork and poultry come to fulfilling this total, albeit, estimated 

demand/amount under future scenarios. This is to illustrate comparisons, as not one food 

source is utilized for total protein. 

 

Soybean Based Protein 

 Converting the current level of protein in the food supply in China to metric ton 

equivalents of soybean at a 24% (P demand x 0.24) and 40% (P demand x 0.40) protein 

content, a range of 9-25 million MT of soybean over the 2015-2050 projection would be 

potential direct protein in the food supply. Land use required ranges between 5.3 -8.4 

million ha. This meets the protein demand at a 24%-40% level only; this part of the 

analysis assumes current protein in the food supply as metric ton soybean equivalents, 

and about how much required land that represents. Some soybean-based foods, like soy 

isolates, have much higher levels of protein content (Berk, 1992; Table 26). Therefore, 

the next soybean analysis uses soybean “feed use” projected production totals to 2050 as 

the basis. The soybean totals these are based on are from the regression analysis in 

“Projected Soybean Allocation Trends”. I used an average between the FAO and USDA 

feed use projections for the scenarios shown below. The same 24% and 40% protein 
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content is used, as that represents an average range of protein content of soybean-based 

foods (Table 26). 

Table 20 contains the scenarios that met the protein demand the highest or “first” 

for the 24%-40% protein levels. The 2030 scenario at minus 20% protein demand from 

current P-demand level almost meets the total protein demand, with 101 million MT of 

soybean and 33.7 million ha of land equivalent. This is the current production scenario in 

2015 Brazil. Soybean area in production in Brazil is currently 33.3 million ha with a yield 

of 3.00 MT soybean per ha (USDA, 2016). The 2040 scenario went over the 100% level 

with the under 20% protein demand, with 128 million MT of soybean on about 42 million 

ha. Between the two scenarios, 24-51 million MT of protein via soybean is available. The 

higher soybean totals would meet current level protein in the food supply.  

 

Table 20. Projected soybean totals with protein content and land use equivalents to 2050. 

 

 

 

 These results are not based on actual consumption, but on the supply of soybean 

for consumption. Actual protein from direct soybean consumption in China for 2013 

(latest data available) is 1.24 kg/cap/year, which is only 3% of the P demand of 36 

Scenario meeting 

demand first

% of demand 

filled

Soybean in 

metric tons

Protein content in 

MT eq Ha equivalent

2015 < 20% P 42-70% 69.8 MT 16.7-27.9 MT 23.2 ha

2020 < 20% P 43-72% 74.1 MT 17.7-29.6 MT 24.7 ha

2030 < 20% P 57-95% 101 MT 24.2-40.4 MT 33.7 ha

2040 < 20% P 72-120% 128 MT 30.7-51.2 MT 42.7 ha

2050 Baseline 71-118% 155 MT 37.2-62 MT 51.7 ha

Baseline= 36 kg/year (2015)

< 20 = 29 kg/year

Processed soybean meeting protein demand in China 2015-2050 scenarios

(millions)
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kg/cap/year (see Table 17, soybean in the “food supply” category). Conversion of g to kg 

for 3.41 g/cap/day:  3.41 x 365 = 1244.65 = 1.24 kg/cap/year). The available soybean in 

the total food supply in China is 3.87 kg/cap/year. To compare, 3.41 kg/cap/year of 

soybean is used for animal feed, using results from Table 11 (88% of soybean is utilized 

for “feed use”, 3.86 x 0.88 = 3.41). 

 

Pork Protein Projections 

 Regression results for the pork-based protein projection are presented in Figure 

14. Amounts used were based on both a linear and polynomial equation, using an average 

of both equations as the total for the years presented in Table 21. 

 

 
 

Figure 14. Projected pork production to 2050 in China. 

 

 

 Pork results are shown in Table 21. The scenario that showed the highest 

percentage for “meeting the P demand” total are listed, along with the percentage amount 
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for “P demand” fulfillment. Total protein in the pork produced is shown, along with the 

conversion of soybean MT totals from the soymeal used as explained above and in 

Methods. The amount of soybean required is translated into land use with a ha equivalent. 

A range of 27-53 million MT of soybean is required to produce a range of 12-24 million 

MT of protein from pork production totals of 53-106 MT of product. This translates to a 

range of 8-16 million ha of land needed under current MT/ha equivalent. Roughly, half 

the amount of protein is available compared to the soybean analysis for most scenarios. 

No scenario came to 100% of fulfillment, the highest being 58% of the total P demand at 

20% less from baseline (2015). The total production of pork would double from current 

levels (average of the two lines presented) (Figure 14). As with the soy protein results 

this is based on production totals and not on consumption. Pork protein in the food supply 

is 4.24 kg/year in China (FAO, 2015), which is 12% of the total current protein demand 

(Appendix, Table 28).  
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Table 21. Projected protein demand and soybean requirement with pork production over 

4.5 decades. 

 

 
This table shows protein content of projected pork production and soybean amounts 

required under different protein demand and population scenarios in China. 

 

Poultry Protein Projections 

 Regression results for the poultry-based protein projection are presented in Figure 

15. Amounts used were based on both a linear and polynomial equation, using an average 

of both equations as the total for the years presented in Table 22. 

 

Figure 15. Projected poultry production to 2050 in China. 

Scenario with 

highest demand %

% of demand 

filled Protein in MT Soybean required Ha equivalent

2015 < 20% P 31% 12.3 MT 27 MT 8 ha

2020 < 20% P 33% 13.5 MT 29 MT 8.8 ha

2030 < 20% P 40% 16.8 MT 37 MT 11 ha

2040 < 20% P 48% 20.5 MT 44.4 MT 13.3 ha

2050 < 20% P 58% 24 MT 53 MT 15.9 ha

Baseline= 36 kg/year (2015)

< 20 = 29 kg/year

Pork production meeting protein demand in China 2015-2050 scenarios

(millions)
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 In the poultry scenario, a total range of 4-10 million MT of protein is delivered 

with 14-35 million MT of soybean required representing a range of 4-12 million ha 

(Table 22). The 2050 scenario for poultry production showed the highest amount of 

protein to demand ratio, with 26% met, needing 35 million MT of soybean equivalent and 

11.6 million ha. The 2050 scenario requires a 34% increase from recent poultry 

production. Production of poultry ranged from 18 million MT to over 47 million MT 

under the projection scenarios (Figure 15). Current consumption of poultry in China is 

1.62 kg/year, about 4% of the total protein consumed. Protein acquired from poultry 

products is about a third higher than that of soybean (FAO, 2016) (Appendix, Table 28).   

 

 

Table 22. Projected protein demand and soybean requirement with poultry over 4.5 

decades. 

 

 
This table shows protein content of projected poultry production and soybean amounts 

required under different protein demand and population scenarios in China. 

 

 

 Appendix, Tables 29 and 30 provide an overview and comparison between 

soybean, pork, and poultry protein scenarios presented here. 

Scenario with 

highest demand %
% of demand 

filled Protein in MT Soybean required Ha equivalent

2015 < 20% P 11% 4.3 MT 14.1 MT 4.7 ha

2020 < 20% P 12% 5.0 MT 16.8 MT 5.4 ha

2030 < 20% P 16% 6.7 MT 21 MT 7.2 ha

2040 < 20% P 20% 8.6 MT 28 MT 9.3 ha

2050 < 20% P 26% 10.8 MT 35 MT 11.6 ha

Baseline= 36 kg/year (2015)

< 20 = 29 kg/year

Poultry production meeting protein demand in China 2015-2050 scenarios

(millions)
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Chapter IV 

Discussion 

 

 

 Under the soybean protein scenario, projected soybean amounts ranged from 128 

million MT to 155 million MT soybean overall, representing, under current yields, 42-51 

million ha of land, about 35% more area in production in Brazil than current level. The 

range of protein demand fulfillment was 59-146%. The 2030 and 2040 protein scenarios 

had protein fulfillment ranges between 38-120%, requiring between 33-42 million ha.  

 The 2030 soybean scenario of 101 million MT of soybean produced on 33 million 

ha of land is present day production in Brazil; this fulfilled between 38-95% of the 

various protein demand scenarios. Brazil exported 38% of its total production to China in 

2014 (Table 4). Brazil produced 86.7 million metric tons that year and exported over 32 

million MT to China (Table 4). Using 38% of the higher 2050 total of 155 million MT of 

soybean, 58.9 million more MT of soybean would be needed which would require about 

26 million MT more soybean for Brazil exports to China. This represents an increase of 8 

million ha of soybean production under present yields. Using the lower protein demand in 

2030, with 101 million MT of soybean needed for a protein fulfillment between 41-95%, 

over 38 million MT of soybean would be required with present trade rates between Brazil 

and China, about 6 million MT more than current trade level, representing an increase of 

9.6 million ha of land. Realistically, the 33-51 million ha of soybean land would not 

necessarily be entirely Brazil based, but this is presented for comparison to current export 

totals. 
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 Pork met the range of protein demands highest using 53 million MT of soybean 

with a total soymeal content of 68 million MT representing 15 million ha of land under 

present yields. Pork met the “P demand” highest at 58% with the 29 kg/year protein 

supply (which is the baseline, 2015 demand); subsequently, each P demand scenario (-

10% to +20%) decreased 33% in efficiency as the P demand increased. Thus, P demand 

appears to have the greatest impact in these scenarios. Poultry showed a similar decrease 

in protein efficiency when increasing the demand by 10%, with an overall decrease of 

35%. The highest percentage in fulfilling the various protein demands with poultry 

required 35 million MT of soybean, making 45 million MT of soymeal representing 

11million ha of soybean cropland. If considering just land use without any thought of 

consumption patterns and population projections, animal protein derived from soybean 

feed required less land, but does not come as close in meeting the various protein 

demands as efficiently under projected population growth.  

 Both pork and poultry had much less protein fulfillment for each scenario level, 

but obviously could increase with added production, as seen in the overall protein content 

increase over time with larger production totals. Added production of pork and poultry 

would require an increase of soybean needed for soymeal used in feeds, with poultry 

already being at an almost 1:1 ratio of product to soybean required (Van Gelder,  

Kammeraat, & Kroes, 2008). Pork production was between 53 and 106 million MT and 

poultry between 18 and 47 million MT. The soybean equivalents needed to produce these 

amounts were between 26 and 53 million MT for pork and between 14 and 35 million 

MT for poultry. Between 4 and 15 million ha were needed for these animal derived 
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proteins with the highest protein to demand ratio being 58% for pork production in 2050 

at the less than 20% level and 26% for poultry under the same scenario.  

 When considering land use equivalents only, animal derived protein appears to 

need less ha of soybean. However, considering protein demands and content in pork and 

poultry for the 2050 scenarios, pork production would need to increase by 73% to meet 

100% demand at its highest production level, needing 78 million more MT of pork 

produced requiring over 91 million MT of soybean representing over 30 million ha land 

required under present yields. Poultry would need to increase 291%, with over 136 

million more MT of poultry requiring over 137 million MT soybean representing 46 

million ha of soybean cropland in order to meet 100% of protein demand from its highest 

level of 26%. Converting the soybean totals in the above comparison to direct protein 

leaves a range of 22-55 million MT of direct soybean based protein; the baseline (present 

level P demand) soybean scenario had a range of available protein  between 16 and 62 

million MT from soybean directly when considering a range of 24-40% protein content. 

 Another consideration is the projected soybean allocation split under current 

trends; Brazil-derived soybean for feed use projected increased is over 55 million MT of 

soybean by 2050 (Figure 11). Currently, approximately 55% of soymeal in China is 

Brazil-derived under this analysis (Table 15). If the allocation split to favor food use of 

soybean, many assumptions could be generated for land use scenarios with different 

soybean protein ratios.  This research begins to make some assumptions using trade data 

and patterns seen in the projections, but these assumptions use average protein contents 

of foods and the total protein in the current food supply; both of these assumptions could 

be fine-tuned with further analysis. 
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 At present, only 3% of protein is soybean sourced in China and that ratio could 

increase considerably without requiring much more imports or land, though a further 

analysis using better consumption data and more detailed projection scenarios for 

comparison would be best to narrow down particulars. Shifting to direct consumption of 

soybean could alleviate the need to produce increasing amounts of some animal-based 

foods, which shows a decrease in efficiency of producing protein from soybean sources. 

Direct consumption would reduce the amount of land required for soybean use. More 

realistically, shifts in both allocation and consumption patterns would have a beneficial 

effect overall when done in conjunction. 

   

Conclusion 

 Each protein projection scenario met the protein demand most efficiently at the 

20% less than baseline (2015) level, except for soybean in the 2050 scenario, which met 

the demand at current level. This suggests that protein demand could potentially have the 

most effect on land use.  Projected population totals decrease slightly from 2040 to 2050, 

suggesting that the total population under present and future diet patterns could have a 

potentially bigger impact overall. Pork and poultry did not come as close as soybean did 

in each protein scenario at meeting the various protein demands to almost 100%, or over 

100% as soybean had in many scenarios with a 40% soy protein content. This suggests 

that even current production of soybean could fulfill a range of protein requirements 

under present cropland use, especially with soy-based foods that have higher protein 

content. Under future conditions of population growth in China and increased protein 

demand, overall land use for soybean would need to increase by 35%. Pork and poultry 
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would meet the demand similarly with increased production. This comes with increased 

need of soybean as well. Meat based protein would need to increase in production by 

73% to 291% in order to match the protein demands at various scenarios. This increased 

production could possibly require an increase of 27-46 million hectares of soybean, 

depending on yields and soymeal content in livestock feeds. Better estimates of soybean 

content in livestock feeds and subsequent amounts embedded in the meat products are 

needed to provide more accurate ideas on how much soybean is required to produce the 

products.  

 The protein content of soybean varies widely, so actual consumption of soybean-

based foods would be best to calculate more detailed land use requirements for direct 

consumption. Comparing meat-based protein with soybean is somewhat more 

complicated, as there are several soybean measurements to consider:  the actual meat 

produced, the soybean required to produce that meat and then the equivalent land 

required for that soybean. Compound livestock feed also varies widely among practices 

and species, therefore information on livestock feed use in China would improve the 

estimates of soybean requirements overall. It could also be more useful to analyze 

soymeal used directly, if such statistics are available in China, with actual livestock heads 

in the production system rather than converting an amount of soymeal used per kilo of 

animal product. Breaking down this analysis into an actual pattern of consumption would 

be best as well, as current ratios of plant/meat consumption in China is 52/39, but that is 

shifting quickly, and the assumption presented here is the increased protein demand of 

10-20% would capture this trend. However, since humans do not consume one type of 
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protein, a further analysis that uses various diet scenarios seen in present day China could 

capture more realistic consumption patterns.  

 My research aim was to open discussion and investigation into how soybean is 

utilized in China, a country that has historically used soybean as a viable protein source. 

With added pressure on Brazil and other tropical regions for many types of global 

resources, diet and its subsequent effects will play a bigger role in determining projected 

land use issues, and in turn, assist research in sustainable agricultural production systems. 

This research did not address inputs such as water, fertilizer, other feed inputs, or energy 

needed in production of soybean or livestock, nor subsequent greenhouse gas emissions 

associated with land conversion to agriculture or various production systems. However, 

these inputs and associated emissions could be a possible added component in future 

soybean use analysis. 

  A shift from an increase in meat-based proteins to plant based ones could 

potentially lessen dependence on tropical regions in Brazil and elsewhere for 

commodities like soybean and other plant-based feed sources for livestock production.  A 

diversified food system that focuses production towards a greater variety of plant foods, 

rather than only a few “staple” commodity crops that are primarily fed to livestock, could 

lessen land use change and further degradation on remaining cropland. Further research 

investigating diet and land use of soybean and other plant-based sources of livestock 

feeds would be useful in forecasting on-going patterns of land requirements under future 

population growth, nutrition transitions and anthropogenic climate change. 
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Appendix 

Supporting Background Tables 

 

 

Table 23 USDA’s Economic Research Service’s 2015 International Long-Term 

Projections to 2024. From USDA-ERS, 2015. 

 

 
 

 

CHINA                      SOYBEANS      2015 USDA BASELINE

Crop     Area          Produc-                    Total     Food  Feed Sd           Ending

year  harvest    Yield     tion Imports  Exports     cons      use  Ind=FSI    Crush   stocks

 2013/14 6850 1.78 12200 70364 215 80300 9650 1800 68850 14427

 2014/15 6700 1.76 11800 74000 300 85900 9700 1700 74500 14027

 2015/16 6659 1.82 12109 76740 289 89312 9771 1585 77956 13275

 2016/17 6634 1.83 12149 80063 298 92597 9861 1573 81163 12592

 2017/18 6591 1.84 12149 83412 302 95614 9962 1542 84110 12237

 2018/19 6545 1.86 12163 86794 307 98911 10059 1516 87336 11976

 2019/20 6518 1.87 12212 90194 317 102239 10156 1494 90589 11826

 2020/21 6481 1.89 12241 93505 324 105524 10280 1476 93768 11724

 2021/22 6450 1.91 12294 96873 330 108939 10406 1459 97074 11622

 2022/23 6410 1.92 12330 100338 336 112387 10521 1442 100424 11567

 2023/24 6382 1.94 12391 103941 340 116051 10609 1424 104018 11508

 2024/25 6334 1.96 12411 107654 344 119785 10672 1401 107712 11444

CHINA                      SOYMEAL       2015 USDA BASELINE

Crop          Extract  Produc-                    Total     Food &     Feed   Ending

year    Crush     rate     tion Imports  Exports     cons   Other use      use   stocks

 2013/14 68850 79.20 54531 20 2017 52534 960 51574 0

 2014/15 74500 79.20 59004 50 1700 57354 1000 56354 0

 2015/16 77956 79.20 61741 52 1548 60245 1010 59235 0

 2016/17 81163 79.20 64281 51 1505 62827 1021 61806 0

 2017/18 84110 79.20 66615 52 1404 65263 1032 64231 0

 2018/19 87336 79.20 69170 52 1335 67887 1040 66847 0

 2019/20 90589 79.20 71747 52 1266 70533 1050 69483 0

 2020/21 93768 79.20 74264 51 1214 73101 1058 72043 0

 2021/22 97074 79.20 76883 51 1164 75770 1067 74703 0

 2022/23 100424 79.20 79536 51 1110 78477 1075 77402 0

 2023/24 104018 79.20 82383 51 1054 81380 1082 80298 0

 2024/25 107712 79.20 85308 51 996 84363 1089 83274 0

CHINA                      SOYOIL        2015 USDA BASELINE

Crop          Extract  Produc-                    Total     Food     Feed   Ending

year    Crush     rate     tion Imports  Exports     cons      use      use   stocks

 2013/14 68850 17.92 12335 1353 94 13657 13657 0 958

 2014/15 74500 17.91 13343 1100 80 14359 14359 0 962

 2015/16 77956 18.00 14032 1078 81 15163 15066 0 828

 2016/17 81163 18.05 14653 1056 81 15651 15651 0 805

 2017/18 84110 18.11 15231 1048 78 16214 16213 0 792

 2018/19 87336 18.16 15862 1066 76 16866 16867 0 778

 2019/20 90589 18.22 16503 1061 77 17507 17506 0 758

 2020/21 93768 18.27 17133 1032 77 18113 18113 0 733

 2021/22 97074 18.33 17790 1062 74 18792 18792 0 719

 2022/23 100424 18.38 18459 1085 72 19482 19482 0 709

 2023/24 104018 18.44 19177 1105 70 20223 20224 0 698

 2024/25 107712 18.49 19918 1124 68 20981 20981 0 691
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Table 24. Soybean production and utilization in China 1990-2016. 

 

 
Derived from USDA-FAS PSD database. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attribute

Area 

Harvest

ed

Beginni

ng 

Stocks

Product

ion 

MY 

Imports

Total 

Supply

MY 

Expor

ts Crush 

Food 

Use 

Dom. 

Cons.

Feed 

Wast

e 

Dom. 

Total 

Dom. 

Cons. 

Ending 

Stocks

Total 

Distributi

on 

1990/1991 7,560 0 11,000 1 11,001 1,288 3,903 5,060 750 9,713 0 11,001

1991/1992 7,041 0 9,710 136 9,846 1,090 3,389 4,617 750 8,756 0 9,846

1992/1993 7,221 0 10,300 150 10,450 300 4,486 4,850 814 10,150 0 10,450

1993/1994 9,454 0 15,310 125 15,435 1,100 7,605 5,585 1,145 14,335 0 15,435

1994/1995 9,222 0 16,000 155 16,155 394 8,590 6,015 1,156 15,761 0 16,155

1995/1996 8,127 0 13,502 795 14,297 222 7,470 5,570 1,035 14,075 0 14,297

1996/1997 7,471 0 13,220 2,274 15,494 195 7,500 5,750 1,059 14,309 990 15,494

1997/1998 8,346 990 14,728 2,940 18,658 168 8,450 5,912 1,110 15,472 3,018 18,658

1998/1999 8,500 3,018 15,152 3,850 22,020 187 12,607 6,212 1,110 19,929 1,904 22,020

1999/2000 7,962 1,904 14,250 10,100 26,254 230 15,070 6,180 1,604 22,854 3,170 26,254

2000/2001 9,307 3,170 15,409 13,245 31,824 208 18,900 6,222 1,584 26,706 4,910 31,824

2001/2002 9,482 4,910 15,410 10,385 30,705 300 20,250 6,500 1,560 28,310 2,095 30,705

2002/2003 8,720 2,095 16,510 21,417 40,022 265 26,540 7,000 1,750 35,290 4,467 40,022

2003/2004 9,313 4,467 15,394 16,933 36,794 319 25,439 7,210 1,726 34,375 2,100 36,794

2004/2005 9,589 2,100 17,400 25,802 45,302 390 30,362 8,000 1,850 40,212 4,700 45,302

2005/2006 9,591 4,700 16,350 28,317 49,367 354 34,500 8,200 1,740 44,440 4,573 49,367

2006/2007 9,304 4,573 15,080 28,726 48,379 446 35,970 8,500 1,656 46,126 1,807 48,379

2007/2008 8,754 1,807 12,725 37,816 52,348 453 39,518 8,530 1,375 49,423 2,472 52,348

2008/2009 9,127 2,472 15,540 41,098 59,110 400 41,035 8,640 1,580 51,255 7,455 59,110

2009/2010 9,190 7,455 14,980 50,338 72,773 184 48,830 8,850 1,700 59,380 13,209 72,773

2010/2011 8,516 13,209 15,080 52,339 80,628 190 55,000 9,100 1,800 65,900 14,538 80,628

2011/2012 7,889 14,538 14,485 59,231 88,254 275 60,970 9,300 1,800 72,070 15,909 88,254

2012/2013 7,172 15,909 13,050 59,865 88,824 266 64,950 9,450 1,780 76,180 12,378 88,824

2013/2014 6,791 12,378 11,950 70,364 94,692 215 68,850 9,850 1,900 80,600 13,877 94,692

2014/2015 6,800 13,877 12,150 78,350 104,377 143 74,500 10,200 2,500 87,200 17,034 104,377

2015/2016 6,550 17,034 12,000 80,500 109,534 200 80,700 10,650 2,800 94,150 15,184 109,534

China

Oilseed, Soybean (1000 MT)
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Table 25. Top ten imported commodities in China over 5 decades.  

 

 
Derived from FAO-Food Balance sheets for years shown.  

 

 

 

Table 26. Average protein amounts for selected soybean products. 

 

 
From USDA, 2015. 

Wheat 6,027,255 Wheat 11,774,365  Wheat 13,505,073    Soybeans 12,761,326  Soybeans 65,554,825  

Maize 815,729    Maize 4,694,113    Maize 5,501,690      Maize 4,975,027    Cassava dried 7,388,835    

Soybeans 637,312    Soybeans 1,537,176    Soybeans 2,022,991      Rapeseed 2,969,014    Maize 7,340,767    

Sugar Raw Centrifugal523,420    Cotton lint 1,391,561    Oil, palm 1,231,363      Barley 2,114,251    Wheat 6,830,683    

Cotton lint 373,230    Sugar Raw Centrifugal 912,444       Sugar Raw Centrifugal962,566         Wheat 2,048,574    Oil, palm 6,178,139    

Rice – total 366,578    Rice – total 511,395       Barley 889,390         Meat, chicken 1,810,654    Sugar Raw Centrifugal4,605,663    

Barley 239,703    Sorghum 426,877       Cotton lint 877,754         Oil, palm 1,642,524    Cotton lint 4,436,932    

Rubber natural dry225,026    Barley 403,532       Oil, rapeseed 727,567         Molasses 920,894       Dregs from brewing, distillation4,217,736    

Vegetables, fresh nes205,518    Rubber natural dry 344,507       Cassava dried 703,720         Rubber natural dry 900,603       Rapeseed 3,662,688    

Oranges 87,514      Vegetables, fresh nes 257,849       Waters,ice etc 645,687         Sugar Raw Centrifugal898,486       Rice – total (Rice milled equivalent)2,718,094    

Top 10 imported commodities in China for selected years

(metric tons)

1970 1980 1990 2000 2013
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Table 27. Average protein content for beef, poultry and pork products. 

 
From USDA, 2015. 

 

 

 

Table 28. Average supply of protein in China for selected commodities. 

 

 
Derived from FAOSTAT-Food Balance databases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Beef/Veal 24.9 g

Poultry 22.7 g

Pork 23.0 g

Protein(g)Per 100 g

Average protein for meat commodities 

Per capita supply of protein in China in 2013

Pork 4.24 kg/year

Chicken 1.62 kg/year

Soybean 1.24 kg/year

Vegetal products 21 kg/year

Animal derived products 14 kg/year

Protein (all) average supply 36 kg/year
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Table 29. Soybean, pork, and poultry scenario result comparison based on P demand.  

 

 
This table shows the comparison between soybean, pork and poultry results for the 

protein projection baseline and -20% p demand scenarios for each study year. The -20% 

P demand scenario was the scenario that showed most products meeting the P demand at 

a higher percentage first, thus had the most influence on results. Only the soybean 

baseline scenario in 2030 met a higher protein demand efficiency, and with current level 

of production in Brazil. Overall, soybean meets the P demand far more efficiently than 

either pork or poultry in this study. 

 

 

Table 30. Comparison of land use requirements between soybean, pork and poultry 

production in protein projection scenarios. 

 

 

P Demand 

(baseline)

Pork 

production

Pork-derived 

protein

Soybean in 

pork

Poultry 

production

Poultry-

derived 

protein

Soybean  in 

poultry

Soybean 

production

Soybean 

protein 24%

Soybean 

protein 40%

2015 49,680,391 53,752,000    12,362,960 26,854,929  18,938,390 4,355,830    14,119,649 69,895,332    16,774,880 27,958,133 

2020 49,680,391 58,503,704    13,455,852 29,228,918  21,800,251 5,014,058    16,253,329 74,147,052    17,795,292 29,658,821 

2030 49,680,391 73,113,504    16,816,106 36,528,091  29,208,071 6,717,856    21,776,281 101,150,492 24,276,118 40,460,197 

2040 49,680,391 88,985,604    20,466,689 44,457,919  37,618,391 8,652,230    28,046,654 128,153,931 30,756,944 51,261,573 

2050 49,680,391 106,120,004 24,407,601 53,018,403  47,031,211 10,817,178 35,064,448 155,157,371 37,237,769 62,062,949 

-20% P demand results

2015 40,020,315 53,752,000    12,362,960 26,854,929  18,938,390 4,355,830    14,119,649 69,895,332    16,774,880 27,958,133 

2020 40,020,315 58,503,704    13,455,852 29,228,918  21,800,251 5,014,058    16,253,329 74,147,052    17,795,292 29,658,821 

2030 40,020,315 73,113,504    16,816,106 36,528,091  29,208,071 6,717,856    21,776,281 101,150,492 24,276,118 40,460,197 

2040 40,020,315 88,985,604    20,466,689 44,457,919  37,618,391 8,652,230    28,046,654 128,153,931 30,756,944 51,261,573 

2050 40,020,315 106,120,004 24,407,601 53,018,403  47,031,211 10,817,178 35,064,448 155,157,371 37,237,769 62,062,949 

Comparison between protein in soybean, pork and poultry for baseline and -20% protein demand scenarios

(metric tons)

Scenario year Pork ha eq Poultry ha eq Soybean ha eq

2015 8,056,479         4,706,550      23,298,444        

2020 8,768,675         5,417,776      24,715,684        

2030 10,958,427       7,258,760      33,716,831        *

2040 13,337,376       9,348,885      42,717,977        

2050 15,905,521       11,688,149    51,719,124        

* Current ha in Brazil 2015/16 33.3 mi ha

Equivalent hectares needed in pork, poultry and soybean production 

for protein projection scenarios
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