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ABSTRACT 

This scoping paper intends to set the framework for an extended report by the International 
Panel for Sustainable Resource Management (Resource Panel) on the issue of global land 
use and soil management. 

Global land use and soil management are both connected and complementary aspects of 
agriculture, forestry and built-up land development with consequences on food, energy, 
material and water security. Global land use change is currently characterized by the 
expansion of agricultural land and built-up areas along with land degradation and the 
polices which support these processes. Expansion is taking place at the expense of global 
forests, savannahs and grasslands while degradation is the result of soil erosion, nutrient 
depletion, water scarcity, salinity and the disruption of biological cycles, putting the best 
quality soils of the world under risk. As world dietary habits change, international trade and 
a rising consumption of goods are fuelling the demand for land. Globalization is increasing 
the distance between production and consumption, so that consumer decisions to buy 
products and the detrimental impacts which may be associated with those products are 
drifting apart. The result is an increasing competition for land with unintended and 
unrecognized side-effects. Policy is therefore challenged to follow a double approach: 
tackling both the field level of sustainable extraction and the global level of sustainable use. 
This paper explores the connections, trade-offs, and relationships between land use, soil 
management and resource security more deeply.  It proposes developing a safe operating 
space for global land use and safe operating practices for soil management that could work 
together towards ensuring a long-lasting and sustainable supply of products for food, feed, 
fuel and materials. 
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1 INTRODUCTION 

Current and future food security, climate change and energy security: just three of the 
challenges humanity is facing in the 21st Century. Yet none stands alone; there are trade-
offs, consequences, and correlations among them. They are interconnected. This means the 
transition to a sustainable society requires interdisciplinary thinking and well-informed 
policy making. Policy makers must consider and weigh long-term, cross-cutting and complex 
relationships to build a balanced and future-orientated mix of policies. Provision of this 
knowledge is the challenge and responsibility of research and science. 

This paper examines global land use and soil management. It grapples with the complexity 
of issues facing agriculture and considers them in combination with the dynamics of 
population growth, urbanization and changes in diets and consumption behaviors; with 
their relationship to global nutrient cycles, the loss of biodiversity and pollution of water, air 
and soil; and with the long-lasting implications for resource security. It explores how two 
dimensions of agriculture are connected:  the sustainable management of soils on the field 
and the sustainable management of global land use. It argues that a sustainable policy 
package must include both aspects.  

In short, the challenge is managing current cultivated hectares in a sustainable manner and 

managing demand in a way that the number of hectares needed does not exceed 
sustainable levels. These levels refer to the amount of land available for agriculture without 
encroaching on natural areas beyond acceptable thresholds or contributing to an over-use 
of limited land resources, which could escalate land use conflicts in the future. The 
combination of demand for land to support global and local consumption is one of the 
major conflicts that the world will face this century. The International Panel for Sustainable 
Resource Management could propose an orientation for managing land resources that 
could result in more equitable and conflict-free approaches to land-use change and 
distribution. 

This short paper builds on the land management and land use concerns raised by the first 
report of the International Panel for Sustainable Resource Management – Assessing Biofuels 
– and outlines the scope of a further report proposed by the Working Group on Land and 
Soil. It is intended to set the stage for discussion at the November meeting of the Resource 
Panel and explore those issues concerning land use and soil management that are essential 
to the sustainable management of resources not yet being dealt with sufficiently elsewhere. 
This discussion shall provide the framework for the proposed report. 

2 RECENT AND LONG-TERM TRENDS OF GLOBAL LAND USE AND IMPLICATIONS FOR 

SOIL MANAGEMENT 

Land use change has been associated with a profound alteration of land cover, a deprivation 
of natural capital such as shrinking natural ecosystems and degraded functions in the form 
of fertile soils. This section will outline the main trends of land use change and proliferating 
soil degradation. As a main driver, intensive agriculture can be discerned which has become 
a global industry. The effects of growing scarcity of land have been indicated by first signals 
of growing food prices. 
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2.1 DYNAMICS OF LAND USE CHANGE 

Global land use change can mostly be characterized by the expansion of urban and 
infrastructure areas at the expense of agricultural land and by the expansion of agricultural 
land at the expense of grasslands, savannahs and forests (Holmgren 2006). 

So far, depending on the definition and method of measurement, built-up area covered by 
settlements and infrastructure takes up a relatively small amount of land – 1 to 3% of the 
total1. In 2005, the "built environment" accounted for 306 million hectares (Mha) (ca. 2%). 
Without policy intervention, the built environment is expected to grow by an additional 250 
Mha (or 81%) by 2050 (Electris et al. 2009). According to Seto et al. (2010) urban areas alone 
might expand altogether by between 40 and 143 Mha from 2007 to 2050. Holmgren (2006) 
assumes that 80% of urban expansion occurs on agricultural land. 

Cropland currently comprises nearly 12% (1.5 billion hectares (Bha)) of the world land area, 
whereas agricultural area in total makes up around 38% (4.9 Bha)2. However, differences 
between intensive and extensive pasture use make agricultural area incomparable across 
world regions. What can be compared are the trends in arable land expansion. There is a 
marked difference between regions. For instance, arable land has decreased in North 
America (4%) and Europe (25%) since 1960, whereas it has increased in South America 
(83%), Africa (46%) and Asia (36%) over the same time period (FAOSTAT 2010). This 
coincides with alarming rates of deforestation in those regions.  

In the future, cropland will not only be expanding to supply the world with food, but also to 
compensate for land degradation and unsustainable agricultural practices. Between 1981 
and 2003 there was an absolute decline in net primary productivity (NPP) across 24% of the 
global land area, with a particularly strong loss in southern Africa, S.E. Asia and S. China. This 
does not only indicate the loss of both farms and forests, but also implies an overall loss of 
about 950 million tonnes of carbon. Globally, more than 20% of cultivated areas are 
degraded (Bai et al. 2008). 

Over the last decade deforestation has occurred at a rate of about 13 Mha per year. 
Cropland expansion is the largest cause of deforestation worldwide. Primary forest area has 
decreased by around 40 Mha since 2000, whereas plantations have increased by about 5 
Mha per year since 2005.  Indeed, conversion to forest plantations accounts for 6 to 7% of 
natural forest losses in tropical countries, and this trend has been especially prevalent in 
Indonesia (Cossalter and Pye-Smith 2003). While Europe has actually increased its forest 
area since 1990, South America, Africa and Southeast Asia continue to see high rates of net 
forest loss. This is especially problematic because of the hotspots of biodiversity that exist in 
these countries. It also means that the vital roles the forest plays in carbon storage and 
sequestration, as well as water regulation and filtering, are increasingly impaired (UNEP et 
al. 2009). 

Patterns of land use change and climate change are inexorably linked. Around 20% of global 
carbon emissions were related to land use change in the 1990s (IPCC 2000). The 

                                                       
1 Using night light data the Global urban Rural Mapping Project has estimated that roughly 3% of the Earth’s 
land surface is covered by urban areas, which is 50% more than previous estimates; see Earth Institute News, 

www.earthinstitute.columbia.edu/news/2005/story03-07-05.html.  
2 Note that one third of the 15 Bha of all continents is covered by deserts, glaciers and other extreme habitats. 
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consequences of this carbon loss may be so pronounced that driving a car with palm oil 
biodiesel produced on land that was converted from peat rainforest might release 2,000% 
more carbon than driving fossil-fuel based diesel (Beer et al. 2007).  

2.2 AGRICULTURAL PRODUCTION AND SOIL DEGRADATION 

From 1960 to the 1990s agricultural production increased significantly while the order of 
magnitude of cropland remained rather stable. This was primarily achieved with a 
technological revolution that increased yields through increases in modern inputs—
irrigation, improved seeds, fertilizers, machinery and pesticides (Hazel and Wood 2008). 
Unfortunately, as a result of this intensification process externalities rose dramatically with 
growing problems of salinization, soil erosion, eutrophication, and agrochemical 
contamination, resulting in both environmental and health effects. 

2–5 Mha of global arable land are lost every year due to soil erosion (den Biggelaar et al. 
2004). Soil erosion is one of the key issues that mines soils and contributes to 
desertification. Erosion produces a redistribution of nutrients. It affects nutrient cycling and 
results in a depreciation of land and soil quality. According to Lavelle et al. (2005) 
persistently high rates of erosion affect more than 1.1 Bha of land worldwide, redistributing 
75 billion tons of soil per year (Pimentel et al. 1995) with 1.5 to 5% of carbon content (Lal 
2001). 

Supported by low prices for fertile land and favorable government policies, the 
intensification of agricultural production is acting like a ‘mining’ of agriculture land in several 
parts of the world. This means degradation in terms of both land availability and a depletion 
in the quality of those lands (soil depletion). 

Highly intensive land cultivation practices, accumulating several disturbances over time, can 
put millions of hectares under risk of collapse via nutrient depletion; the reduction of soil 
biodiversity; the replacement of native species by invasive species of invertebrates, fungi 
and other important biological components of the soil; the homogenization of the 
agroecosystems; the simplification of the landscape and structure; and an increasing 
appearance of bio-invasions (Binimelis et al. 2009). 

One of the most important effects of the intensification of agriculture is related to the 
depletion of nutrients in the soil. The situation has been discussed in-depth in Pengue 
(2005). Soil fertility depletion in farms is one of the fundamental biophysical causes for 
declining per capita food production, which could affect the stability of food security in 
several countries and the international trade of commodities. The practice of removing part 
or all of the crops grown in the soil is a fundamental characteristic of agriculture, and it 
belongs to the principles of "good agricultural practice" to compensate the withdrawal of 
nutrients with the harvest by fertilizer and manure application. However, this principle is 
often neglected. 

The last global assessment of agricultural soils was done in 1990 (Oldeman 1994). Based on 
this assessment it was estimated that 23% of the world’s soils were degraded. Although Asia 
has the largest amount of degraded land, this is a relatively smaller proportion of its total 
arable land area than is the case of Africa, which has the second highest level of degraded 
soils in the world (30%) after Central America.    
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Since then, despite plenty of evidence of accelerated degradation (den Biggelaar et al. 2004; 
Gruhn et al. 2000; Tan et al. 2005), all major reports have used the same estimate (Watson 

et al. 2008). Therefore, we know very little today about the real state of health of the fragile 
soil resource that the world depends on for its food supply. No developing country has a 
national monitoring system for soil quality in place, a situation which obviously has not 
changed since the analysis of Scherr (1999).  

Unfortunately, a new soils assessment had not been initiated by the time of writing. 
However, Sherr (1999) reviewed 26 global and regional studies and 54 national or local 
studies in 26 developing countries in order to arrive at conclusions that make it possible to 
link soil degradation and declining yield growth for the first time. Her point of departure was 
to describe the soil characteristics that affect yield, namely nutrient content, water holding 
capacity, organic matter content, soil reaction (acidity), topsoil depth, salinity and soil 
biomass. Degradation is not, however, a static state; it is an ongoing process with a specific 
combination of causes. The processes include erosion, compaction, acidification, declining 
soil organic matter, nutrient depletion, biological degradation and soil pollution.  

Scherr refers to various studies that used the data from the 1990 assessment, one of which 
estimated in 1998 that global cropland production was 12.7% lower and pasture production 
3.8% lower than they would have been without degradation. This corroborated a 1995 study 
which found that global production would have been 12 to 13% higher if just 15% of the 1.2 
Bha of “strongly degraded soils” could be restored to full productivity (Scherr 1999).  This 
would bring 180 Mha of land back into production, which is more than the additional 120 
Mha that FAO estimated was needed to meet future demand in developing countries 
(Bruinsma 2009).  

Lal et al. (2001) have argued that soil nutrient deficiencies directly undermine agricultural 
yields. They calculated that “average yield decline (equivalent rice yield) due to deficits in K, 
P, and N was 1,372, 1,093, and 670 kg ha-1yr-1, respectively. These reductions were 
equivalent to 27% of the average crop yield in the year 2000” (Tan et al. 2005). This is more 
than double the reductions estimated by the earlier studies reviewed by Scherr. In least 
developed countries the reductions were much more severe, nutrient deficiencies reduced 
the annual crop for 2000 by 35% with, of course, devastating social consequences. Yield 
reductions due to nutrient deficiencies in developing and developed countries for 2000 
were 27% and 11% respectively (Tan et al. 2005). Half of the entire developing world’s 
arable and perennial cropland is in just five countries – Brazil, China, India, Indonesia and 
Nigeria. The fact that China and India have similar problems to Sub-Saharan Africa is of a 
major concern (Scherr 1999). China has 96 Mha of arable and permanent cropland while 
India has 168 Mha. It has been estimated that up to 30% of China’s land was degraded by 
1990 and that agricultural yield growth in the 1980s and 1990s would have been 12% higher 
without environmental degradation. Similarly for India, up to 43% of arable soils were 
regarded as suffering from “high degradation” while 5% was so degraded it was unusable 
(Scherr 1999).  

There is a clear causal link between soil degradation and yield reduction per hectare. If yield 
reduction is a significant cause of rising prices, long-term soil degradation needs to be seen 
as an important cause not of the price peak of 2007/8 (which had more to do with financial 
markets) but rather of the long-term rise in prices since 2000. The OECD-FAO anticipates 
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prices rising strongly in the second decade of the 21st Century and the IAASTD has argued 
that real world prices are projected to increase in the coming decades (Watson et al. 2008).  
The economic and ecological evidence, therefore, seems to confirm once again that the era 
of declining food prices is over.  

It follows that yield growth will depend on investments to reverse soil degradation and 
promote sustainable land use. Using the World Resources Institute estimate that the annual 
value of global agricultural production is $1.3 trillion (WRI 2002) and the conservative 
estimate that soil degradation reduces yields by 10%, we are talking about an annual loss of 
$130 billion.  

As regards the trends, some researchers have estimated that the annual rate of loss of 
cultivated agricultural land due to soil degradation was – and therefore continued to be – 12 
Mha while others estimated the losses at closer to 6 Mha per annum (Scherr 1999). In other 
words, if the rate is 12 Mha/annum, in a decade an amount equal to the 120 Mha UNEP and 
FAO reckons is needed to meet future demand would have been lost.  

Linked to soil degradation is the loss of nutrients over time.  Conventional wisdom since the 
Green Revolution in the 1960s has been rather straightforward: to increase agricultural 
output you have to apply NPK fertilizers. Indeed, as the application of NPK per hectare has 
increased, so has output per hectare. But on closer inspection, something else is happening.   

Crops derive their nutrients from three sources from a conventional farming perspective: 
the soil minerals, manure (that is added), and fertilizers (that are also applied). As the 
withdrawal of nutrients in form of the harvest constitutes an output from the soil, it must be 
compensated by appropriate inputs, also from outside, if the stock of nutrients within the 
soil shall not become depleted.  Lal3 quotes estimates that by 1970 (on a global scale) crops 
derived 48% of their nutrients from the soil, 13% from manures, and 39% from fertilizers. By 
1990 soils only provided 30% of the nutrients required by the crops, followed by 10% from 
manures and 60% from fertilizers. If agricultural practices remain unchanged, by 2020 the 
contribution of nutrients by the soils will have more than halved from their 1970 level to 
21% with only 9% provided by manures and a whopping 70% supplied by fertilizers. While 
the data indicate that nutrient depletion of soils decreased, they also showed that it still 
happened. As Lal concludes, “the increase in crop production has, to a large extent, been at 
the expense of the decrease in soil fertility. …[C]ontinuing soil nutrient exhaustion is leading 
to an increasing dependence of crop yields on fertilizers” (Tan et al. 2005).  

Exploiting the soil nutrient storage is generally referred to as ‘nutrient mining’ and is usually 
reflected in quantifications of NPK deficits. Analysing only land cultivated for wheat, rice, 
maize and barley, Lal calculated that by 2000 56% of global cropland used for these four 
crops was affected by N deficits averaging 17.4 kg/ha/yr; 80% of cropland used for these 
crops was affected by P deficits averaging 5 kg/ha/yr; and 56% of cropland used for these 
crops was affected by K deficits averaging 38.7 kg/ha/yr. This then made it possible for Lal to 
calculate that by 2000 the total global NPK deficit was 20 Tg4 across the 562 Mha of 
cropland used to cultivate wheat, rice, maize and barley5. This NPK deficit, however, was 

                                                       
3 All future references in the text to “Lal” will, in fact, be referenced to Tan et al. 2005. 
4 Teragram = 102g  
5  If we use the average price in 2010 for NPK which was $400/ton, the 20Tg deficit can be valued at $80 billion. 
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unevenly distributed, with 75% of the deficit occurring in developing countries, 14% in 
developed countries, and 11% in the least developed countries (Tan et al. 2005). From a 
resource management perspective, it is this missing 20 Tg of NPK that holds the key to 
future food security. Furthermore, there is no evidence that expansion of cropland will 
resolve this problem, especially if this means clearing land that currently holds biomass that 
generates nutrients for soils (e.g. nitrogen-rich woodlands or fodder for manure-producing 
cattle) or if it means moving onto marginal soils.  Nor is there much evidence that it can be 
resolved by applying more agrochemicals because this may make matters worse. Certainly 
the efficiency of fertilizer use has to be increased. Soil fertility relates to the capacity to 
absorb, hold and release nutrients, which determines losses by leaching and the availability 
to plants. At the same time, soil fertility comprises many more functions which influence, 
amongst others and in an interrelated manner, water holding and carbon storage capacity. 
The amount of soil organic matter plays a crucial role on the soil biological activity, and has 
decisive influence on moderating adverse changes in soil nutrient resources and 
development of nutrient imbalances, as well as build-up of toxicities and acidification 
through incorrect fertilizer use (Tan et al. 2005). 

The question this section raises is: how does one restore soils? We answer this question 
with the argument put forward by the IAASTD; that this will require a new body of 
knowledge -  an agroecological approach - that has hitherto had no place in the agricultural 
science that has driven mainstream high external input (HEI) agriculture for many decades. 
However, several steps have been found that can help restore soil fertility and reverse 
degradation by applying such practices as zero tillage, re-introduction of crop residues, crop-
livestock rotation and many other soil intensification practices. While there are field results 
which confirm this, there is still little knowledge on what should be done to apply these and 
other practices on a global scale and to what extent they can reverse the soil degradation 
and deforestation trends described. 

2.3 A GLOBAL AGRICULTURAL INDUSTRY 

By the end of the 20th century there were approximately 437 million farms in developing 
countries which, in turn, sustained the livelihoods of 1.5 billion people and provided food 
for two thirds of the human population (Madeley 2002). Up until the 1950s, by far the vast 
majority farmed using natural methods on lands that were increasingly marginal as a result 
of centuries of violent land dispossession in favour of imperial powers and their settler 
offshoots. Up until World War II, UK-based capital dominated investments in the ‘first food 
regime’ (1870s-1930s) which relied upon imports of grains and livestock from settler family 
farms in settler colonies and tropical fruits, vegetables, spices, etc. from colonies in general 
to feed the mushrooming European and North American industrial workforces (McMichael 
2009). The ‘second food regime’ (1950s-70s), coordinated by the US Government and 
dominated by US-based capital, transformed the US and other countries such as Canada and 
Australia into global agricultural powers. This was achieved by subsidizing the deployment 
of the new Green Revolution technologies (chemical inputs, hybrid seeds and mechanized 
irrigation systems) across vast tracts of high value soils to massively boost agricultural 
productivity as well as by subsidizing the export of agricultural products. The US then re-
routed huge amounts of surplus food through its network of dependent countries (that 
emerged after decolonization) as ‘aid’ in return for payments into ‘counterpart funds’ held 
at local banks which were then used to finance (mainly American) agribusiness expansions 
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into the developing world using the Green Revolution technologies (McMichael 2009). The 
result was massive increases in the use of chemical inputs to drive equally significant 
increases in agricultural output. Global value chains of cheap subsidized food were created 
that helped expand the politically useful bloated agricultural labour forces and feed the 
expanding urbanized workforces that catalysed the second urbanization wave across the 
developing world. North American and European trade policies also led to these 
environmental impacts. 

All this put many of the world’s small farmers using both traditional and Green Revolution 
techniques out of business, which would have remained competitive if many of these and 
other countries’ agriculture were not subsidized. By the start of the 21st century, 40% of the 
437 million farms in the developing world were dependent on Green Revolution 
technologies (Madeley 2002) and many of these generated the surpluses required to 
finance urban-based modernization through industrialization (especially in Asia and Latin 
America, less so in Africa, although most certainly in South Africa). The rest were small 
farmers on marginal land, often the victims of land dispossessions to make way for cities 
and massive agribusiness operations on the best land. Those who were no longer living on 
the land had migrated to the burgeoning cities. In essence, the Green Revolution ‘package’ 
entailed hybrid seeds (seeds developed by specialist seed companies – usually large multi-
national corporations - and sold to farmers, thus replacing the age-old traditions of seed 
banking and exchange); chemical inputs derived mainly from oil but also from rock 
phosphate (fertilizers and pesticides produced and distributed globally by multi-national 
corporations); large-scale mechanized irrigation systems (often funded and installed by the 
state using loans provided by the World Bank); and micro-credit facilities. This is why this 
package is often referred to as ‘high external input’ (HEI) agriculture. Outputs doubled and 
even quadrupled where the package was applied in the developed and developing world, in 
particular in India during the 1960s (encouraged by lavish grants from US Foundations to 
establish the scientific knowledge base, practices and supply lines). Without the Green 
Revolution global food production would be half what it was by 2000 and the environmental 
impacts of moving food production into environmentally unsuitable areas would be far 
more serious than they are today (Uphoff 2002a).     

Although there is some debate about whether we have entered the ‘third food regime’ 
(McMichael 2009), the evidence seems compelling that the 5th industrial transition does 
coincide with a substantial restructuring of the political economy and technologies of global 
food production in response to declining yield growth, rising prices and expanding middle 
class demand in rapidly industrializing countries like India and China for more dairy and 
meat products. The introduction of neo-liberal modes of governance, globalization, de-
regulation, privatization, the establishment of the WTO rules for agriculture, and 
financialization have all contributed to the dismantling of the state-centered national 
agricultural development models and their replacement with privatized agricultural systems 
(marked, for example, by the dismantling of state marketing boards, as well as public and 
extension programmes) structured to service global markets and rapidly expanding trade 
(Barker 2007). In essence, stable grains grown in Northern agricultural mono-cultures were 
traded for mass-produced meats, fruits and vegetables from a complex mix of agricultural 
economies across the developing world. The information technology revolution transformed 
logistics making the expansion of globally traded foodstuffs, fertilizers and pesticides 
possible on scales that would have been unimaginable in the mid-20th century. It also gave 
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birth to the biotechnology industry which, in turn, made possible the commercialization of 
genetically modified organisms (GMOs) as the new ‘techno-fix’ of the global food industry – 
the so-called ‘gene revolution’. By 2005 the largest ten seed corporations controlled 50% of 
all commercial seed sales; the top five grain trading companies controlled 75% of the 
market; the largest ten pesticide manufacturers supplied 84% of all pesticides; and when it 
comes to vegetable seeds there is only one company that completely dominates the market 
and that is Monsanto, which controls roughly 30% of the seed market for beans, cucumbers, 
hot peppers, sweet peppers, tomatoes and onions (Barker 2007).  

Supermarket chains rapidly increased their grip on retail food sales between 1992 and 2002, 
with South Africa leading the world with nearly 60% of all food sold via supermarket chains 
by 2002, followed by East Asia (excluding China) and South America at just over 50% and 
China (at just below 50%) (Reardon et al. 2003). For some, price increases are related to this 
new global role of supermarkets (Von Braun 2007). This level of agribusiness concentration 
has led to greater margins and profits, squeezing input/product price ratios. 

Patel (2008) has argued that the real problems are that the global food industry produces 
energy and resource intensive food (that contains too much fat and sugar) to supply the 
world’s billion over-consumers via supermarket chains; that the large majority of poor urban 
households, especially in developed countries, can only afford nutritionally poor mass 
produced cheap foods (hence the new correlations between obesity/diabetes and 
malnutrition); and that rural households suffer from the effects of increasingly degraded 
soils and land dispossession caused by HEI farming and agribusiness practices. Thus, the 
conclusion is that the solution would not lie in higher yields, but rather in a complete 
restructuring of the way food is produced, distributed and bought: if food production 
restored rather than depleted soils and produced healthy low carbon foods in sufficient 
quantities for all, then maybe the discussion should not be about quantities and prices, but 
about qualities and sources (Friedman 2003). There is evidence that there is enough food 
produced in the world today to supply every person on the planet with 2,720 Kilocalories 
(Kcal) per day, which is what the average person needs to live well (Erb et al. 2009). The 
question, in short, is not whether there is enough food for everyone but who gets it and 
who produces it for whom?  

Policies which support the transformation of activities, arrival of new technologies and 
organizations with large financial and technological capabilities, and the displacement of 
hundreds of thousands of small-scale and medium-scale farmers and their reallocation to 
new productive functions not only affects the social sustainability of the rural sector, but 
also urban communal plots of villages and towns (Pengue 2009). 

All in all, international agricultural trade has increased 10-fold since the 1960s. This is a 
result of more open trade policies, market liberalization in many developing countries and 
advances in communications and transport systems (Hazel and Wood 2008). That said, still 
only about 16% (15% for cereals and 12% for meats) of world production enter international 
trade, with a wide variation among individual countries and commodities (Bruinsma 2009). 

The increasing distance between production and consumption means that negative 
externalities are not registered nor priced into products, such as deforestation, soil 
degradation and nutrient pollution. With no trigger to adjust demand to mitigate these 
negative externalities, demand keeps increasing.  
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2.4 FOOD PRICES AND FOOD SECURITY 

The massive and rapid rise in food prices between 2004 and 2008 forced the global 
challenge of food supplies and food security onto the global agenda. There has been a close 
link between the prices of key food commodities and oil prices. Indeed food prices may have 
contributed to the financial crash by adding yet another financial burden to over-indebted 
households in developed and developing economies. As a result of the recession, millions of 
the poorest people in the world were forced deeper into poverty. For every 1% increase in 
the price of food, food consumption expenditure in developing countries decreases by 
0.75% (von Braun 2007). Social movements were galvanized into action, reinforcing long-
standing critiques of the global food system. Various governments responded with 
protectionist measures, including bans on food exports and lowering tariffs on imports, and 
land grabs accelerated, especially in Sub-Saharan Africa. The decade that started with the 
turn of the millennium has been characterized by slow and steady price increases, ending 
off with a peak that quite quickly corrected to a point that is consistent with the overall 
trend of steadily rising prices since 2000, i.e. the correction did not take prices down below 
where they were in 2000 or, for that matter, before 2005. However, when this ten year 
period of rising prices is placed within a wider context of agricultural prices, it is clear that 
excluding the last decade real prices had steadily declined over the previous century.  

This long-term decline in prices is largely due to massive increases in agricultural 
productivity and output that has, with key exceptions that mark moments of crisis (post-
WWI, 1929 crash, post-WWII, 1973/74 oil crisis), kept ahead of rapidly rising demand due to 
population growth and diet changes caused by modernisation and urbanisation. The 
obvious question is whether the current peak will end at a point that replicates the long-
term downward pattern or whether we are at the start of a long-term increase in food 
prices driven by a matrix of factors that have not been present in this form before. No other 
decade, except possibly just after WW II, exhibits a pattern of such steady and steep price 
increases.  

The authoritative 2010 OECD-FAO Agriculture Outlook Report predicted that the nominal 
and real prices of crop and livestock products for the period 2010-2019 will be lower than 
2007-2008 but higher than the average price for the decade 1998-2008. If this prediction 
turns out to be true, there will have been two decades of steadily rising prices – something 
that has not happened before. 

Whether this is going to be the case will depend on the question of how human beings can 
live within the natural limits. Of the potentially arable land, only 1.3 Bha are deemed to be 
moderate to highly productive. About half the potentially arable land is cultivated as 
cropland (1.5 Bha) (i.e. just over 10% of the ice-free land surface of the earth is the resource 
humans depend on for the bulk of their food) while the remaining 1.7 Bha is productively 
used in various ways as permanent pasture, forest and woodland (Scherr 1999).  

Although most international reports envisage increased production and limited expansion of 
cropland area (Erb et al. 2009; Hubert et al. 2010; Watson et al. 2008), exactly how to 
achieve this level of intensification and how to bring an additional 120 Mha6 into production 

                                                       
6 The amount of expansion predicted by the FAO (2006) and Fischer (2009) as necessary to feed the world 
population in 2050; see section 3.4. 
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remains unclear. There is no global agreement on whether significant cropland expansion to 
extend food production using conventional farming methods within the context of the ‘third 
food regime’ is practically possible, socially just or ecologically sustainable. This raises the 
question of alternatives to the expansion of land area, such as the restoration of degraded 
soils and the incorporation of farming methods other than conventional or industrial 
farming.       

Besides the global challenges, local implications for food security may differ between world 
regions. Cropland expansion for international trade supply is affecting local food production 
and putting food supply at the local level in developing countries at risk (Altieri and Pengue 
2006). In developed countries with net import of biomass products, food security is not at 
risk due to high purchasing power, although low income households may suffer 
disproportionately should food prices increase in the long run. 

3 FACTORS TRIGGING INCREASED DEMAND FOR LAND AND SOIL 

World population has increased about 128% since 1960 (UN 2009) while world cropland has 
only increased about 13% (FAOSTAT 2010). During this time period, especially in the 1960s 
and 1970s, increases in yield productivity exceeded or mirrored population growth, making 
it possible to supply the growing population with food from the same amount of land. This 
meant that while 0.45 ha of cropland per person were needed in 1960, only about 0.23 ha 
were used in 2005. The problem is that yield increases are slowing, whereas population is 
still growing and has even higher dietary demands. Thus more land is needed for food and 
feed. At the same time, agriculture is expected to also supply energy and materials to an 
extent greater than ever before due to the technological advances, as well as requirements, 
of modern society. Thus, the question is: how much extra land is needed? To answer this we 
look at the increasing pressures – including soil mismanagement and degradation – and at 
how much land would be required to compensate for losses of supply capacity. When 
examined as a whole, it is evident that land is a precious and increasingly scarce commodity. 
A resulting phenomenon is the so-called ‘land grabbing’.   

3.1 CONSTRAINED YIELD INCREASES 

Worldwide, yield productivity growth of cereals has been on the decline since the 1980s. 
Projections differ with regard to assumptions for exact future rates, but most experts expect 
a continued decline in comparison with past achievements. For instance, von Witze et al. 
(2008) estimate that annual yield growth rates are currently down to around 1% with a 
continuing tendency towards further decline. Bruinsma (2009) projects worldwide annual 
growth rates of 0.8% until 2050. The UNEP report, which considers ecological constraints, 
concludes that yield growth could drop to 0.87% per annum by 2030 and to 0.5% per annum 
between 2030 and 2050 (Nellemann et al. 2009). Based on a detailed modeling exercise 

Hubert et al. (2010) concluded that yield growth will continue to slow; yield growth for 
cereals is expected to drop from an average of 1.96% per annum for the period 1980-2000 
to 1.01% in 2000-2050, with even slower growth rates for developed countries (0.9%) and 
slightly faster growth rates for the Middle East and North Africa (1.16%), Latin America and 
the Caribbean (1.24%) and Sub-Saharan Africa (1.59%). As a result, all these reports 
conclude that food prices are set to steadily rise in response to declining yield growth in the 
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context of rising demand to 2050, thus confirming the argument that we have passed the 
era of long-term decline in food prices.  

Global yield trends aggregate considerable differences between both regions and crops. 
Because yield increases have been the most pronounced in developed countries, little 
potential is seen for significantly increasing yields in those regions. There is, however, 
thought to be considerable potential for certain developing countries, which could be 
achieved through improved agricultural practices. For instance, fertilizer use per hectare in 
sub-Saharan Africa is abysmally low, explaining a large part of the lagging productivity 
growth in that region (Fischer et al. 2009). Of the three big cereals7, annual yield increases 
of wheat and rice are decreasing (below 1%) while that for maize is 1.6% with no evidence 
of falling; consequently large potential is seen for maize, particularly in sub-Saharan Africa 
(Fischer et al. 2009). 

However, there are a number of factors which render future estimates rather uncertain (see 
Bringezu et al. 2009). For instance, climate change is expected to lead to a higher frequency 
of extreme weather events – increasing yield shocks – as well to affect yield productivities. 
This could further exacerbate the productivity gap between world regions: Cline (2007) 
estimated that developing countries will experience a 9 to 21% decline in overall agricultural 
output potential by 2080 due to global warming while industrialized countries will face a 6% 
decline to an 8% increase. These uncertainties might not only have big consequences for 
yields, but also on land because of the need to compensate low yields with more land.  

3.2 POPULATION GROWTH 

The UN (2009) projects world population to increase from 6.8 billion in 2009 to about 9.2 
billion in 2050 (plus 34%). Developing countries will contribute the most to this increase 
with their total population increasing from 5.6 to 7.9 billion over the same period (plus 
41%). As a whole, population growth has been decelerating since its peak (of 2% per year) in 
1965-1970. Between 2005 and 2010 average annual growth was about 1.18%. However, 
regional trends look quite different. Population of the more developed regions is rising at an 
annual rate of 0.34%, that of the less developed regions is increasing four times as fast 
(1.37%) and the least developed countries are experiencing rapid population growth of 
about 2.3% per year. Such differences, albeit dampened, are expected to persist until 2050.  

3.3 URBANIZATION 

Urban population has increased about 237% since 1960; today around half of the world 
population lives in cities (World Bank 2010) and this share is expected to grow further. 
Urban expansion itself has been subject to different trends in different parts of the world. 
This is because population densities of cities differ, with those in developing countries being 
about 3 times higher than those found in industrialized countries8 (Angel et al. 2005). 
However, densities of cities in all regions have been decreasing, resulting in urban sprawl. 
Regarding cities themselves, if urban populations increase as expected and average 

                                                       
7 Rice, wheat and maize; they are expected to provide about 80% of the increase in cereal consumption in 
2050 (Rosegrant et al. 2008). 
8 Taking the most extreme example, North America required around 0.13 ha per capita in 2005 whereas about 
0.3 ha per person were used in China (Angel et al. 2005). 
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densities continue to decline at the annual rates of the past decade9, the built-up areas of 
developing-country cities will increase 3-fold by 2030 while their population doubles and 
industrialized-country cities will increase their land area 2.5 times while their population 
increases by 20% (Angel et al. 2005).  

3.4 CHANGING DIETS 

The combination of rising income and urbanization is changing the nature of diets (Msangi 
and Rosegrant 2009). Increases in income lead to greater consumption of animal protein 
and fat, especially in countries with high meat diets. Urbanized populations consume less 
basic staples and more processed food and livestock products (Rosegrant et al. 2001).This 
implies more livestock products, more potatoes for fast food, more oilseeds for feed and 
more sugar for food processing and manufacturing (Fischer et al. 2009, OECD-FAO 2010). It 
also means higher land requirements10; processed and prepared foods require a higher use 
of agricultural commodities for a given number of calories (von Witzke and Noleppa 2010) 
and meat consumption requires pastures for grazing and cropland for growing feed11. The 
expansion of agricultural land often occurs at the expense of natural ecosystems. For 
instance, cattle ranches, supported by the following of crop farms, are estimated to have 
accounted for around 70% of deforestation in the Brazilian Amazon (Malhi et al. 2008). 

Much of the structural change in diets is occurring in developing countries, as diets in 
developed countries are already high in processed food and livestock products. For instance, 
the three food groups of livestock products (meat, milk, eggs), vegetable oils and sugar 
currently provide around 29% of total food consumption of developing countries (in terms 
of calories). Their share is projected to rise to 35% in 2030 and to 37% in 2050, whereas 
their share in industrial countries has been around 48% for several decades. Comparing 
meat consumption directly: 80 kg per capita of meat were consumed in developed countries 
in 2008, compared to 29 kg in developing countries (Alexandratos 2009). Projections to 
2050 expect an increase to 103 kg in the former and to 44 kg in the latter (FAO 2006).  

Altogether, projections for world food consumption predict an increase of about 10% in the 
global average caloric intake per person from 2005 to 205012. Around 5% of the population 
is still expected to be chronically undernourished at that time (Alexandratos 2009). Even 
though 90% of the increased demand should be met through intensification (yield increases 
and higher cropping intensities), Bruinsma (2009) has forecasted a net increase of 71 Mha of 
arable land to meet these rising food and feed demands13. A 12% expansion is predicted in 
developing countries (120 Mha), especially sub-Saharan Africa (64 Mha) and Latin America 
(52 Mha), whereas a 6% decline is expected for developed countries. While Fischer (2009) 

                                                       
9 1.7% in developing countries and 2.2% in industrialized countries 
10 It additionally indicates intensified environmental burdens as livestock is the largest contributor to methane 
emissions (contributing more to climate change than transport) and requires much greater levels of water.  
11 Animal based food per nutrition value requires nearly 5 times more land than the consumption of plant 
food. Thus a shift to more vegetarian diets could significantly reduce the pressure on the world’s natural 
resources. 
12 2771 kcal/person/day were consumed as a world average in 2003/2005 (2622 in developing countries and 
3462 in industrial countries). In 2050 the world average is expected to increase to 3047. 
13 Note that numbers were taken from the FAO’s 2006 baseline projection and not the Alexandratos 2009 
update of said projection. 3130 kcal were projected for the world average in 2050 instead of the 3047 kcal in 
the Alexandratos correction (Bruinsma 2009). 
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also forecasts a 12% increase in cultivated land in developing countries, he estimates an 
overall increase of about 124 Mha between 2010 and 2050. Neither scenario considers 
biofuels.  

Naturally, if projections were to materialize differently than expected – for instance with 
meat consumption levels in developing countries closer to that of developed countries or 
with lower than expected yield growth – land use requirements could look very different. 
Bringezu et al. (2009) conclude from literature that only to satisfy the increasing food 
demand of the growing world population, an up to 20% increase of global cropland - about 
300 Mha - between 2004 and 2030 could be expected. 

3.5 BIOFUELS 

Biofuels have become a topic wrought with controversy. Regardless of whether their 
development is regarded as positive or negative, there is a general consensus that they have 
and will continue to affect agricultural markets and land use. In 2008, about 35.7 Mha (or 
2.3% of total cropland) were being used for fuel crops to supply about 5.46% of global 
gasoline and 1.5% of global diesel demand. Estimates of future land use requirements, land 
use availability and energy provision potential vary significantly (see Bringezu et al. 2009).  

Fischer (2009) recently modeled the land use requirements of different biofuel scenarios. 
His results show that on average about two-thirds of the cereals needed to produce 
bioethanol are obtained from expanding cropland. If all biofuel targets were to be met14, 48 
Mha of additional cropland would be needed in 205015.This is a nearly 30% increase in net 
cultivated expansion compared to scenarios with no biofuels. However, different 
parameters lead to different conclusions. Ravindranath et al. (2009) estimated that using 
first-generation biofuels to provide 10% of the world fuel transport demand in 2030 would 
require an additional 118 to 508 Mha of cropland. 

Regardless of disputes over how much land will be needed, consensus exists that biofuels 
will need more cropland than exists today. This expansion could completely thwart the 
potential of biofuels to ‘mitigate’ climate change16. The example of biofuels demonstrates 
the perils of forming policy that is based on a limited systems perspective; while the strategy 
of reducing CO2 emissions with biofuels was well-intended, clearly policy makers need to be 
better informed of the larger impacts on other sectors, global trends and variations by 
countries over a longer time period. 

3.6 BIOMATERIALS 

The vision of a bioeconomy extends well beyond bioenergy. Indeed, the EU regards 
products based on biomass as one of the most promising future markets17, with a high 
potential for innovation (EU 2007). This is because whereas energy from fossil fuels can be 

                                                       
14 Assuming 2nd generation technologies go commercial in 2015 with gradual deployment. 
15 It corresponds to biofuels using about 2.7% of global cropland in 2050. 
16 For instance, Croezen et al. (2010) show that under a risk-based approach, the estimated 70 million tonnes 
of CO2 reductions under the EU’s biofuel policy are dwarfed by the 270 million tonnes of CO2 emissions from 
land-use change. Even under more conservative agro-economic models, ILUC would result in 70 million tonnes 
of CO2 emissions, resulting in no net carbon benefit. 
17 Bio-based products have been selected as 1 of 6 ‘lead markets’ under the EU’s Lead Market Initiative 
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replaced by other kinds of renewable energy, only biogenic raw materials can replace fossil 
raw materials in, for instance, the chemical industry (SRU 2007). While the chemical industry 
is a ‘small user’ of petroleum18, the economic value of the sector is high19, making the use of 
biomass both likely and lucrative. Currently, about 8% of the raw materials used in the 
European chemical industry are based on renewable resources (Rothermel 2006). The 
United States also estimates an 8% share of biomass in the chemical industry’s feedstock 
base and is targeting increasing the amount of biomass feedstock used by around 215% by 
2030 (BRDI 2006). After wood and timber based industries, the chemical industry is certainly 
the largest material user of biomass20. Existing products (paper, pulp, detergents, and 
lubricants), modern biomaterials (pharmaceuticals, industrial oils, biopolymers and fibers) 
and innovative products (wood-plastic-composites, bio-based plastics, etc.) are markets 
with varying degrees of growth. For instance, the EU market for bio-based plastic has 
doubled in size between 2005 and 200821(Jering et al. 2010).  

Unlike the case of biofuels, little literature exists on the potential environmental 
consequences of an extended biomaterials industry. While biomaterials are generally 
thought to be more ‘environmentally friendly’ than biofuels (Weiß et al. 2007), further study 
is needed, in particular on the potential for cascading use. In any case, their growing usage 
will require land: A total of 2.27 Mha cropland were cultivated for material use in Europe 
(compared to 2.8 Mha for biofuels) in 2005. According to Carus et al. (2010), about 64% of 
the biomass used for material purposes in Germany is imported. Bringezu et al. (2008) have 
shown that the ongoing increase of production and material use within Germany may reach 
11% of the country’s global cropland requirements in 2030.  

3.7 FACTORS TRIGGERING INTENSIFICATION AND MISMANAGEMENT OF SOILS 

The reasons for growing intensification and mismanagement of soils are multifold, and also 
interdependent. Poor knowledge on locally sustainable cultivation is certainly a main factor. 
In addition, price relations, lacking property rights, cultural and other factors play an 
important role. The envisioned report shall provide an overview. 

3.8 LAND GRABBING 

Land grabbing is the large scale land acquisition – be it purchase or lease – for agricultural 
production, often by foreign investors. In the last three years, 20 Mha are thought to have 
been acquired by foreign investors in Africa. In Ethiopia, this land grab represents 20% of 
current cropland (FIAN 2010).  

                                                       
18 Using around 4% of total consumption in Germany (according to Rothermel 2006 as cited in SRU 2007) 
19 It is approximately equal to the food sector in the EU (Langeveld et al. 2009) 
20 The chemical industry uses around 70% of the biomass, excluding wood, produced for biomaterials in the EU 
(Jerring et al. 2010) 
21 Bio-based plastics and fibers are estimated to represent approx. 1.4% of the total production of plastics 
worldwide. In the EU, shares of emerging bio-based plastics relative to petrochemical plastics in 2007 were 
estimated at 0.3%; under BAU conditions this is expected to increase to 1.1% in 2020 (Shen et al. 2009). As 
consumer awareness is rapidly increasing in this area, bio-based plastics certainly seem to be the segment 
poised with highest potential for growth. 
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In Latin America, land grabbing also includes fraudulent registration of public lands by local 
businesses leading to deforestation, enhanced land values and soil degradation22.  

Investments into access to land are a specific segment of foreign direct investments. 
Altogether, worldwide foreign direct investment in agriculture has increased significantly 
since 2000, especially in developing countries, reaching more than 3 billion USD per year 
since 2005 (UNCTAD 2009). Regarding investments into non-food biomass supply, countries 
such as Brazil, Thailand, Indonesia and Colombia rank among the most attractive markets 
for biofuel investment23, while the share of land acquisition in actual investments remains 
unknown. 

While the concept of acquiring land abroad to pursue economic interests is not new24, this 
new type of land grabbing may also be accompanied by violations of human rights and 
exacerbated environmental consequences which directly counteract commitments of 
countries made to eradicate such occurrences, for instance by the Millennium Development 
Goals. Early experiences with biofuel production in countries like Tanzania, Mozambique, 
India and Colombia have show-cased land acquisition through illegitimate land titles, water 
access denied to local farmers, inadequate compensation agreements, and displacement of 
local communities by force (Cotula et al. 2008).  In Argentina, 14 Mha have been sold under 
such conditions to individuals or companies, affecting rural peasants, indigenous people and 
townships (Pengue 2008). Furthermore, such projects may do little to improve regional food 
or energy security. Because of the industrial, high-tech agriculture that land grabbing favors, 
it often means a step backward for peasant and sustainable agriculture25. This contradicts 
authoritative international recommendations26, which see the support of peasant 
agriculture as a fundamental effort in the struggle against poverty and hunger. Displacing 
local producers and diverting resources to cash crop production may increase the 
vulnerability of local communities to the volatility of food prices. As the intention of biofuel 
projects is to later export the fuel, this does little to substantially improve the energy 
situation in the country of production. For instance, roughly two-thirds of Mozambique is 
without electricity, but even projects intending to keep 20% of the ethanol produced within 
the country are unlikely to contribute to electrification, which is much more needed to 
improve living conditions. The majority of African countries have limited arable land 
resources with high population pressures. Yet African countries are earmarked by all the 
models of the future for substantial yield increases – it is also where most of the land grabs 
are taking place.   

                                                       
22 Joseph Weiss, pers. comm.  
23 From the Ernst and Young ‘Biofuels Country Attractiveness Indices’ 2007 (Quarter 1) and 2008 (Quarter 1-2). 
Note that this index refers to a number of factors (taxes, access to finance, grants, ect.) beyond just land 
availability. Supporting infrastructure (including sufficient arable land available to cultivate, but also 
distribution networks and R&D activity) contributes to nearly 15% of the overall score, while export potential 
(location and free trade agreements) count towards 10% and feedstocks 6.5%. 
24 Land grabbing has often been associated with mining activities 
25 It has also been argued that the substantial new investments being made in biofuel production may, at the 
regional level, provide the infrastructure needed to boost overall agricultural production in places that have 
seen much less agricultural investment in comparison to developed countries (see Bekunda et al. 2009). 
26 Such as those of the Hunger Task Force of the UN Millennium Project and of the more recent International 
Assessment of Agricultural Science and Technology for Development (IAASTD). 
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3.9 INTERIM CONCLUSION 

Altogether, the growing demand for food, feed, fuel and materials is increasing the demand 
on land resources while mismanagement and degradation are reducing the amount of land 
available. Sub-Saharan Africa will play a crucial role in the future, with a high potential for 
yield improvement and significant expansion of cropland expected. At the same time, 
climate change may critically hamper productivity and land-grabbing by foreign investors 
may do little to improve food and energy security in a region where it is desperately needed. 
Taking modest estimates of additional land requirements by 2050 (base year 2005), one may 
very provisionally estimate that cropland would expand or shift altogether between about 
300 to 1000 Mha at the expense of grasslands, savannahs and forests: 

 
Compensation for built environment27:  ca.    7228 Mha 
Food supply:     71  - 30029 Mha 
Biofuel supply:    48 -  31330 Mha 
Biomaterial supply:    20 -  13931 Mha 
Compensating degradation:    90  - 22532 Mha 
Cropland expansion required  301- 1049 Mha 

 
The envisioned full report should provide the order of magnitude in a more reliable manner, 
and include the prospected full range of individual contributions. This data has to be 
interpreted with caution as the estimates have not been derived from one consistent 
modelling approach considering all of these land use types together, and competitive effects 
and impacts of natural limitations via prices have not been considered. 
 
The (provisional) data indicate that it is very likely that land competition will increase in the 
future. A first indication of this could already be seen in the food-versus-fuel controversy 
sparked by biofuels, although various causes have been responsible for recent price 
developments (FAO 2008). Beyond price peaks, another consequence of increasing land 
competition could be the newly emerged trend of land grabbing. It seems rather certain 
that cropland prices will increase in the long run, as will the need to keep up and raise the 
productivity of land. 

                                                       
27 Note that compensation for built up land will not lead to net expansion of cropland but a shift towards other 
areas. 
28 This is based on the Electris et al. (2009) scenario without policy intervention; considering that 1.6 Mha of 
cropland will be lost to the built environment every year until 2050. Coincidently this corresponds with the 
historical trend assumed by Holmgren (2006), that 1.6 Mha of arable land were lost per year to urban area 
between 1995 and 2002. 
29 Lower value is based on Bruinsma (2009) and higher value on Bringezu et al. (2009) (see section 3.4). 
30 Lower value is based on Fischer (2009) and higher value is the arithmetic mean between the lowest and 
highest value for 10% biofuel scenario of Ravindranath et al. (2009) for 2030. 
31 Lower and upper value are estimates based on scenario analysis for Germany for 2030 under conservative 
business-as-usual assumptions (Bringezu et al. 2009b), and a per capita attribution in 2050 for OECD countries 
and worldwide, respectively. 
32 2–5 Mha of global arable land are lost every year to soil erosion (den Biggelaar et al. 2004). Electris et al. 
(2009) in the scenario without policy intervention assumed 3.04 Mha being lost to severe degradation annually 
until 2050. 
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4 A SAFE OPERATING SPACE OF GLOBAL LAND USE AND USE OF SOILS 

The key question arising from the Assessing Biofuels report was whether significant 
expansion of biofuel production was ‘too much of a good thing’. In order to answer this 
question, we must have some indication of how much is too much.  

To this end, Rockström et al. (2009) made a very valuable first step; they described a ‘safe 
operating space’ for humanity by defining acceptable levels of 10 key environmental 
pressures. These describe a corridor for human development where the risks of irreversible 
and significant damage seem tolerably low. For eight key parameters they suggested a 
threshold, three of which have already been exceeded (climate change, biodiversity loss and 
atmospheric nitrogen fixation). Those values were derived from recommendations of com-
prehensive dedicated research, like that of the IPCC, and expert judgment. We will further 
the discussion of this concept in relation to land use and nutrient flows. 

4.1 A SAFE OPERATING SPACE FOR GLOBAL LAND USE 

Defining a safe operating space for global land use means looking at how much more land 
use change can occur before the risk of irreversible damages becomes unacceptable. These 
consequences include the loss of biodiversity, the release of carbon dioxide and the 
disruption of water cycles. It is thus very integrated with other thresholds of the earth’s 
systems. It asks how much more global land can be sustainably converted to agriculture. 

Rockström et al. (2009) suggested that a further expansion of 400 Mha of cropland would 
be within the safe operating space. However, while the authors explicitly aimed to control 
the loss of biodiversity caused by land use change, they did not seem to consider the 
expansion of settlement and infrastructure area. Recalling the Electris et al. (2009) forecast 
of 250 Mha more built-up land in 2050 significantly hampers the expansion potential 
suggested by Rockström et al. (2009). To stop the loss of biodiversity through cropland 
expansion, van Vuuren and Faber (2009) suggested that total agricultural land (including 
permanent pastures) should not expand at all after 2020. 

The WG intends to analyze available literature further (not performing own models) in the 
full report and develop a further orientation for global land use and examine what this 
means for agriculture (trade-offs and synergies). 

Agricultural land is not the only resource threatened by a growing demand for non-food 
biomass and an oversized biofuels industry. Another issue of growing concern is the 
increasing competition for woody biomass, for both energy (e.g. in the form of pellets) and 
innovative materials. A safe operating level for global forest use needs to be further 
researched. The full report shall review recent work towards this end. 

4.2 SAFE OPERATING SPACE FOR NUTRIENTS 

Nitrogen and phosphorous are typically associated with regional and local effects, and 
consequently most efforts to limit nutrient pollution have been undertaken on the 
regional/local scale. However, as nitrogen impacts global systems as both a driver of climate 
change (N2O emissions) and as a slow variable eroding the resilience of important sub-
systems and phosphorous has global impacts through ocean anoxic events, Rockström et al. 
(2009) have made a tentative effort to define global thresholds for both.  
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As regards nitrogen, N2O emissions have been included in the climate-change boundary. The 
boundary for other forms of reactive N has been tentatively set by limiting the amount of 
human N2 fixation from the atmosphere, thereby controlling the amount of additional N 
flowing into the earth system. First estimates came to the conclusion that this boundary has 
been long surpassed, and that a safe operating space would represent approximately 25% 
(or 35 Mt N yr-1) of its current value (Rockström et al. 2009). 

About 20 Mt phosphorus is mined per year and around 9.5 to 10.5 Mt reach the oceans, a 
rate which is about 8-9 times higher than the flow due to natural weathering33 (Rockström 
et al. 2009). It is unclear at which level human-induced anoxic events would be triggered. 
Modelling of past mass extinctions of marine life suggest that anoxic events already resulted 
from an increase of the natural weathering rate of 20%. Additionally, there are complex 
interactions between other oceanic conditions including acidification, marine biodiversity 
and climate change. Before that background of uncertainty, Rockström et al. (2009) propose 
a planetary boundary for anthropogenic P inflow to oceans of no more than 11 Mt N/year 
that is 10-times the natural weathering flux of P. 

Clearly, there is a need to further assess and build upon the thresholds proposed by 
Rockström et al. (2009) and to use them to strengthen the global efforts against irreversible, 
human-induced changes in the earth’s systems. 

Altogether, the data - despite its uncertainties - provide a rather robust orientation. The 
threshold for N fixation being clearly trespassed and with rather limited room for further P 
leaching, it seems unavoidable that agricultural production - which is the key driver of those 
flows - will need to enhance its nutrient efficiency dramatically when biomass production 
for the various purposes shall be increased and the global safe operating space regained. 

5 LINKING OF GLOBAL LAND AND SOIL USE TO REGIONAL AND NATIONAL 

ACTIVITIES 

Knowing the safe operating space is important for assessing how human actions as a whole 
affect the earth: Are we within or beyond the thresholds of long-term sustainability as a 
planet? However, such a question is not very useful for policy makers in individual countries. 

For informed policy making, methods of monitoring global resource use are required that 
would enable countries to determine their contribution to the whole. In this way, if a 
country is already using a disproportionately high amount of a resource, like global cropland 
to supply their food and feed demand, they may rethink strategies -- such as biofuel quotas 
-- requiring them to use more of that resource. 

5.1 MONITORING THE GLOBAL LAND USE OF COUNTRIES 

A method to account for the global use of cropland for domestic consumption has been 
developed following the principles of economy-wide material flow accounting. Global land 
use is calculated using land equivalents for domestic production plus imports minus exports 
of all agricultural goods (see Bringezu et al. 2009b and Bringezu and Bleischwitz 2009 for 

                                                       
33 P loss from cropland is the primary source of P inflow into oceans (Rockström et al. 2009). 
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more information). Land quantities are expressed in per capita terms to enable a cross-
country comparison. 

Global land use accounting has – so far – only been performed for Germany (Bringezu et al. 
2009b), the European Union34 and Switzerland (Zah et al. 2010). In 2007 the EU-27 required 
0.45 ha per capita of global agricultural land35. This is almost one fifth more than the 
domestic agricultural area within the EU. Regarding cropland, the EU-27 required 0.31 ha 
per capita of cropland worldwide. This was one-third more than the globally available per 
capita cropland of the world population in 2007. The EU thus already uses a 
disproportionately high amount of global cropland. 

If one accepts the suggestion of Faber and van Vuuren (2009) -- that the global expansion of 
agricultural land should be halted by 2020 to stop the further loss of biodiversity -- and 
adopts this also for cropland, a rather conservative trend projection towards this year would 
delineate the safe operating space for cropland use to be around 0.20 ha per capita. Instead 
of increasing its land use abroad, the EU would then need to work on decreasing it. 

The method of global land use accounting has the advantage of a systems perspective. 
Examining each of the land users (food, feed, fuel and materials) and assessing their impacts 
separately is time consuming and imprecise. Take for example the efforts made to quantify 
the GHG emission intensity of different biofuel feedstocks36, not to mention the rampant 
debate on whether and how to determine the indirect land use change factor when 
accounting for carbon emissions. These methods are inexorably complex and there is a real 
risk of getting lost in the detail. As the major environmental impacts associated with 
biofuels are more or less all related to land use, they can be just as easily caused by 
agriculture for food, feed, or material production. Widening the systems perspective to the 
big picture provides a more realistic outlook of the potentials and problems of biomass 
production and consumption. 

5.2 MONITORING GLOBAL NUTRIENT FLOWS INDUCED BY COUNTRIES 

Ecosystem nutrient balances are the net result of inputs minus outputs. Currently, the 
negative and positive balances of nutrients in different parts of the world are ultimately 
unsustainable (Lavelle et al. 2005). The magnitude and duration of nutrient imbalance that 
can be tolerated is determined by an ecosystem´s buffering capacity. 

The burgeoning human trade in agricultural and forestry products is now a significant 
pathway for nutrient transfer globally – some of it from the nutrient-depleted developing 
world to the nutrient-saturated industrial world and, on a smaller scale, between rural and 
urban ecosystems. 

Understanding the flow of nutrients between countries and identifying the positive and 
negative effects of these ‘hidden’ trade flows is necessary for developing environmental 
policies for a better utilization of global soils and land. The "virtual soil" concept can manage 

                                                       
34 pers. comm. H. Schütz (2010); to be submitted to JIE, Oct 2010 
35 This result has been corroborated by the result of another, independent approach (von Witzke und Noleppa 
2010). 
36 The Liska-Plevin debate to quantify the GHG intensity of corn ethanol in the Journal of Industrial Ecology 
was, in the end, about 4 gCO2e Mj-1 (see Annex and Lifset 2009).  



20 

this idea. Virtual soils show the global flow of nutrients and their relationship to 
international trade (Pengue 2010). They depict the volume of nutrients removed from the 
original soils by different export products--such as grain, meat, wood--measured in tonnes 
or kilograms of nutrients exported. The process also involves the effect of the depreciation 
in quality and quantity of nutrients remaining in the soil and the impacts of nutrients 
imported in the importing countries. The concept of “virtual soils” is similar to the concept 
of "virtual water", which is linked to the total water needed for the production and export of 
one tonne of grain, or to the concept of "virtual land use" as defined by Würtenberger et al. 
(2006). Estimates of those indicators can be related to the use and potential land 
involvement with global trade, and are useful for understanding processes in the global use 
of vital resources. 

Long distance transportation of nutrients is central to the functioning of modern food 
systems. In the context of the global economy, there is now a global flow of nutrients in raw 
materials whose value has so far been scarcely considered.  

The envisioned report shall assess the nutrient losses associated with trade in relation to the 
losses within the producing regions. Available material flow based studies indicate that the 
losses, for instance in Germany, of nitrogen to leaching and evaporation within the 
producing region are significantly higher than the flows moved by trade (Bringezu et al. 
2001). Nevertheless, a continuous export without compensating nutrient regeneration must 
lead to depletion within producing regions, and importing regions may suffer from nutrient 
overload. 

6 OPTIONS FOR SUSTAINING GLOBAL USE OF LAND AND SOIL 

On-site measures, like production standards, alone cannot control demand effects on land 
use change. Land use accounting alone cannot control the negative impacts of production 
on a certain hectare. A mixture of both measures is needed. 

Traditional approaches have been focused on land planning and conservation, which are 
often in conflict with economic development interests. Producer interests may overrule 
conservation goals; as long as consumption demand is growing, conservation will be faced 
with increasing pressures. Globally, the situation is worsened by intentionally ‘sustainable’ 
policies in wealthy countries to support biomass based products (biofuels, biomaterials) 
which can often be produced most economically in more resource rich countries, where 
governance is overwhelmed with growing external demand.  

Existing and future policy strategies and measures may be distinguished with regard to their 
influence on: 

A. The quality of land and soil management (e.g. good agricultural and forestry practice, 
maintenance and restoration of high soil fertility, nutrient efficiency),  

B. Area extension of the main types of land use and land cover (e.g. shift from native 
savannah to cropland; from native forests to managed forests or to plantations).  
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6.1 SAFE OPERATING PRACTICES 

Safe operating practices target the sustainability of production, or the quality of land and 
soil management under cultivation. 

Sustainable practices are those that could sustain or increase biomass production while 
maintaining sustainable soil and land conditions. 

‘Green Revolution’ agriculture and crop subsidies helped to increase, under a monoculture 
concept, the yields of crops, but at the same time resulted in unintended environmental and 
health impacts. Some of the new and emerging, mainstream agricultural practices, such as 
transgenic crops, are following a similar path. On the other hand, a number of sustainable 
practices have also been developed and recommended, including no tillage management 
and agro-ecological farming.  No tillage practice is an example of integrated agriculture 
management. 

Agro-ecological farming such as organic and peasant agriculture could be a very important 
alternative for food security in both developing and developed countries (Altieri 1995, see 
also the appendix). Modern agriculture related to perennial crops and crop rotations could 
be further options to help enrich soils.  

The case studies cited in Uphoff (2002b) all refer to production increases of 50-100%, and in 
some cases even 200-300%. These cases are drawn from the following areas: smallholders in 
Kenya and Nigeria; agroforestry projects in Kenya and Zambia; integrated aquaculture in 
Malawi; Senegal’s Peanut Basin where yield increases were achieved by merging organic 
and inorganic inputs; Mali’s Sahel region where yield increases and food security were 
achieved using soil conservation, seed banking and market gardening; low-external input 
methods that were introduced to small farmers in Honduras and Guatemala; combined crop 
and livestock farming in the Andean mountains; no-till agriculture in Parana State, Brazil; 
rice farming using the Farmer Field-school approach in Bangladesh; integrated pest and crop 
management in Sri Lanka; and contour farming in the Philippines.  

In a background report prepared for the compilation of the World Bank’s World 
Development Report, Pretty (2006) provides a detailed account of the largest study of 
sustainable agro ecosystems involving analysis of 286 projects in 57 countries covering 12.6 
million small farmers farming 37 Mha of land. For the 360 reliable yield comparisons from 
198 projects, the mean relative yield increase was 79% across a wide variety of systems and 
crop types. A study of 144 projects has shown that water efficiency was enhanced. Under 
rain fed conditions, the water use efficiency was improved by 70.2%, 102.3% and 107.5% for 
cereals, legumes, roots & tubers respectively and by 256.6% for vegetables and fruits when 
compared to the pre-intervention stage. Further, Pretty reports on “positive side-effects” 
which include improved ‘natural capital’ such as increased water retention, reduced soil 
erosion and more agro-biodiversity; improved ‘social capital’ including better internal social 
organisation and connectedness to external institutions; and improved ‘human capital’ 
including better health, reversed urban migration, increased status of women and advances 
in decision-making and problem-solving capabilities.  

A further consideration is the need to improve practices to better manage nutrients and 
avoid unnecessary nutrient extraction, particularly regarding those nutrients that are or 
could limit food production in low quantities, such as Fe, B, Cr, Mn, Co, Cu, and Se. Future 
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research is needed on the possible limitations to food production as a result of these 
microelements, particularly considering that global food production has been tending 
toward fewer crops. The current restoration of these microelements via mineral fertilizer is 
very expensive, which especially presents challenges for developing countries.  

6.2 STEERING CONSUMPTION TOWARDS SUSTAINABLE SUPPLY 

The key causes of these global challenges are consumption levels and habits, but little is 
being done of a policy nature to change them. 

When the existing and projected future overall use of resources exceeds levels which can be 
supplied sustainably, it becomes necessary to limit that resource consumption and decouple 
it from further growth of wealth and well-being. Orientation towards a cap of global 
cropland use and attribution of this cap towards countries, quite analogously to GHG 
emission caps, will not imply a limit to further economic growth and prosperity. On the 
contrary, safe-guarding the supply of resources will underpin the physical basis of the 
economy, and the orientation to fair distribution of resource use between countries will 
foster an atmosphere of mutual trust and burden sharing and thus also enhance 
international security.  

In that sense, worldwide cropland is a resource which is globally used through the 
consumption of biotic goods, food, materials and energy in various countries. As available 
evidence seems to indicate an overuse of global cropland in terms of a safe operating space, 
countries are challenged to contribute to lowering or rationalising their demand for that 
resource appropriately. This can be done by increasing efficiency in the use of biotic 
products, for instance, reducing food waste, and controlling policies which trigger the 
demand for those resources, such as biofuel quotas.  As a basis for decision making, data is 
required to show the contribution of the various products and the activities in industry and 
households which are linked to the largest amount of global land use. On that basis, existing 
policies may be adjusted, perhaps supported by a few additional flanking measures, to 
"choice-edit" consumption patterns and in particular foster a systems wide more efficient 
use of biotic (and other) resources. 

In any case, monitoring would let countries know how they stand, and science could provide 
a reference for what a ‘sustainable development’ could look like. Policy instruments could 
then direct countries towards progress; targeting decreased consumption of critical global 
resources and perhaps increased consumption of others.  

6.3 POLICY OPTIONS 

Existing policies already influence the use of major resources significantly, for instance 
through agricultural subsidies and import tariffs, biofuel quotas, programmes to support 
renewable energies, and energy and material efficiency programmes. Policies designed to 
change food consumption levels and habits and curb processed food advertising as part of 
health promotion policies are mainly informal. Some monitoring is also occurring; for 
instance methods quantifying direct and indirect greenhouse gas emissions caused by the 
final consumption of national economies are already practiced by some statistical offices. 
On-site methods, like standards, regulations and certification, also already exist, albeit they 
do not cover the entire production area.  
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In the future, methods of accounting, modeling and assessment can provide the basis for 
national programmes of sustainable resource management. Such programmes could be 
responsible for the enhanced monitoring of global biomass and mineral consumption, 
including the assessment of related environmental impacts on-site and further downstream, 
and attributing these to specific countries and sectors. They could advise governments on 
how to adjust policy targets, subsidies and other support measures for renewable energy 
and materials to levels which can be supplied sustainably (both from domestic and foreign 
land areas) and provide an overarching umbrella for various on-site, supply-chain and 
overall consumption orientated sustainability efforts. An additional benefit is that these 
methods allow the use of global resources to be considered in a comprehensive way, 
avoiding problem shifting across regions, sectors, resources, environmental pressures and 
over time. 

We have shown that soil degradation could relate to annual losses of $130 billion. Maybe 
what the world needs is a fund that will invest just 10% of this opportunity cost per annum 
(i.e. $1.3 billion) to restore the degraded soils of the planet as an alternative to the 
potentially riskier and more costly venture of finding an additional several hundred Mha of 
arable land in an increasingly densely populated and ecologically endangered world. 

All in all, governments in countries with a net consumption of biomass have a number of 
options to both adjust their global land use towards more sustainable supply levels and 
ensure that their domestic and foreign-grown biomass is sourced from sustainably managed 
soils. Examples include, but are not limited to: 

1. Towards improved quality of land use  

• Improve management and cultivation of existing and abandoned agricultural and 
forestry land, with a focus on proper soil management and higher N and P efficiency 

• Take into account and consider nutrient “preciosities” that could limit food supply in a 
global context in the coming years (S, Fe, Se and others) 

• Increase efforts to spread knowledge and training on safe operating practices 

• Prevent large-scale land acquisition to halt foreign land grabbing without improving 
local living conditions 

• Improve supply chain management, value chain development and materials 
stewardship 

• Enhance activities on corporate social responsibility in agricultural investments 

2. Towards sustainable use of global land resources (reducing area extension) 

• Implement programmes to detect and minimize post harvest wastes/losses of food 
(improve efficiency from the field to the fork) 

• Explore options for improving cascades (use biomass more effectively) 

• Adjust bioenergy and biomaterial targets to levels which can be sustainably supplied 

• Support improved material and energy efficiency in industry and household 
consumption 
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• Change food consumption habits, curb processed food advertising as part of health 
promotion  

• Reduce agricultural subsidies for cattle and dairy production 

• Implement soft instruments informing consumers about eco-labeling, sustainability 
criteria, health and environment 

• Re-assess trade/development policy, including trade concessions and preferential 
access, especially for products leading to deforestation 

• Ensure resource rights and tenure align to the sustainable management of land 
resources  

• Promote non-land economic opportunities and diversification in developing areas to 
stem land expansion 

None of the issues presented in this short paper are new. Quite the contrary, there is a 
plethora of literature and debate dedicated to single issues. Before that background, the 
scoping paper tried to provide an overview of key trends and interdependencies at a global 
scale driving land use change and soil depletion; to further the concept of a safe operating 
space; and to reflect on ways of how countries could contribute to a more balanced way of 
global resource consumption. Looking for one solution to one problem is no longer good 
enough. We live in a complex, interconnected world, where trade-offs and synergies across 
environmental media, sectors, countries and time must be considered. To this end, 
overview and systematic knowledge on strategic options for sustainable resource use is 
crucial. 

The proposed report on sustainable land use and soil management is one step towards 
providing the knowledge policy makers need to develop forward-looking policy packages for 
the 21st century.  
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APPENDIX: BACKGROUND ON AGROECOLOGY  

Agroecology is a useful term because it does not refer to any specific farming system as 
such, but rather to a body of “principles” that are applied along a wide continuum of 
farming traditions, including systems that use agrochemical inputs where soils are 
particularly deficient (e.g. the West African Sahel region). The farming traditions that reflect 
the application of these principles in one form or another include ‘permaculture’ associated 
with the ecologist Bill Mollison, ‘biodynamic farming’ associated with the anthroposophist 
Rudolf Steiner, the ‘one-straw revolution’ founded by the Japanese farmer Masanobu 
Fukuoka that so inspired the Indian organic farming movement, the ‘Biointensive’ farming 
system popularized in the USA by John Jeavons, the No Tillage movement in Brazil, and a 
wide range of ‘sustainable’, ‘biological’, ‘organic’ and ‘natural’ farming systems that in one 
way or another subscribe to the formal definition of ‘organic farming’ institutionalized by 
IFOAM (International Federation of Organic Agriculture Movements). Although most of 
these specific systems would eschew any use of agrochemicals, the agroecological approach 
does not necessarily imply that agrochemicals should be excluded at all times in every 
context (especially in areas with phosphorus-deficient soils) – as Uphoff suggested it is 
“more useful to consider practices and technologies along a continuum between likely-to-
be-sustainable and unlikely-to-be-sustainable, rather than to categorize practices and 
technologies – and their proponents – into separate and opposing camps.” (Uphoff 2002a)  

Breaking with the reductionist science that defined soils purely as a medium for carrying 
chemically defined nutrients needed to grow crops (usually on large commercial farms with 
access to irrigation, roads and extension support), agroecology adopted a complex systems 
approach to understand agricultural systems as indivisible wholes “supported by 
interactions and synergies between and among biological components that enable these 
systems to sponsor their own soil fertility, productivity enhancement and crop protection” 
(Altieri 2002). Instead of focusing on isolated factors to increase productivity through 
targeted technical interventions (e.g. application of agrochemicals, irrigation or 
biotechnology), agroecology advocates a knowledge intensive focus on the health and co-
evolution of the entire indivisible social and ecological system as it pertains within specific 
unique contexts. This context-specific know-how can either be generated in rational 
scientific ways through research and learning using advanced transdisciplinary quantitative 
and qualitative techniques, and/or it can be embedded in indigenous knowledge systems 
that have learned through trial and error over long periods of time. In most cases, it is a 
combination of the two. From this perspective, Altieri continues,  

“[a]n area used for agricultural production, such as a field, is regarded as a system in 
which ecological processes that are found also under natural conditions are 
occurring: e.g., nutrient cycling, predator/prey interactions, competition among 
species, symbiosis and successful changes. Implicit in agroecological research is the 
idea that, by understanding these ecological relationships and processes, 
agroecosystems can be enhanced to improve production and to produce food, fibre, 
etc more sustainably, with fewer negative environmental and social impacts, and 
using fewer external inputs.” (Altieri 2002)          

Following Altieri (Altieri 2002), the five key principles of agroecology that get applied in 
different ways that are appropriate to each context are as follows: 
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• Recycle and re-use all available biomass (e.g. crop residues, cuttings from surrounding 
trees/shrubs, manures) in order to replenish and constantly restore soil nutrients; 

• Grow the plants by building the soils, focusing in particular on soil organic matter and 
soil biotic activity by, for example, adding manures and promoting the growth of 
earthworm populations; 

• Minimize losses of growth factors above and below ground by protecting the soils from 
direct solar radiation, strong winds and erosive water flows – this by ensuring constant 
soil cover by way of companion planting in densely packed rows, contouring to control 
water flows, wind protection measures; 

• Maximize species and plant diversity in order to build up the resilience of the system, 
which in practice means above all avoiding monocultures; 

• Enhance beneficial biological interactions and synergies so that natural ecological 
processes can work to enhance rather than undermine agricultural production, e.g. 
boundary planting that attracts beneficial insects, birds and small animals that feed off 
potential threats to crops.  

For the proponents of agroecology, however, these principles are particularly suitable for 
small farms for two reasons: firstly, small farmers tend to develop a deep knowledge of the 
intricacies of their micro-ecologies which is essential for the implementation of 
agroecological approaches; and secondly, it is now generally accepted that small farms are 
more productive per hectare than large commercial farms. For these reasons, the 
agroecological approach may be particularly suited for resolving problems where the 
challenge is greatest, i.e. the approximately 250 million farms in the developing world that 
have not adopted Green Revolution technologies (mainly because they could not afford 
agrochemical inputs and irrigation systems), plus a significant proportion of the 200 million 
or so who did adopt these technologies but – like the Indian farmers who have been 
committing suicide - are experiencing rising input costs (due to peak oil and peak 
phosphorus) and declining yields. Given that small farms dominate the five countries where 
50% of the developing world’s arable soils are located, it certainly does make strategic sense 
to focus on ways that can increase yields on these farms without tying them to external 
inputs that are steadily going up in price or assuming they need to be aggregated into a 
large farms to be productive.      

A wide range of practical applications flow from these principles that have become part of 
the everyday practices and technologies on millions of farms around the world, including 
mulching, green manuring, worm farming, contouring, tree planting, zero tillage, species 
diversification and the application of cattle manure and urine as natural fertilizers. The 
application of agrochemicals to enhance NPK content in certain contexts is not inconsistent 
with this approach, but as Altieri puts it “there is a burden of proof that these will actually 
add to economic and environmental net benefits over multiple years, and that such benefits 
cannot be attained by other, less costly means.” (Altieri 2002 - emphasis added) But, he 
warns, agroecology is not a menu of technologies but rather an entire paradigmatic 
approach that redefines the relationship between humans and nature: 

“Just adding or subtracting certain practices or elements within present production 
practices will not produce a more self-sufficient and self-sustaining agriculture. This 
transformation requires deeper understanding of the nature of agroecosystems and 
of the principles by which they function.” (Altieri 2002) 



32 

Indeed, where this paradigmatic difference is most apparent is when it comes to soil 
management and related research. Although they cannot refer to a systematic research 
survey, Fernandes et al. (2002) estimated that 60-70% of soil research since the 1950s in the 
USA and elsewhere has focused on soil chemistry (i.e. mainly NPK modalities), 20-30% on 
soil physics (structure and composition), and only 10% on soil biology (microbes, worms, soil 
organic matter, water and entrapped air content etc). Furthermore, they estimate that at 
most 10% of soil research has addressed “sub-surface processes and dynamics”. This focus 
on plant health and NPK is not only much easier to do (a soil test for chemical content is 
quick, relatively cheap and generates a fixed quantitative result), it is consistent with a much 
wider reductionist conception of soils that devalued the importance of biological processes 
and, of course, it is a knowledge set that was consistent with - and reinforced by - the 
agrochemical companies whose business was to sell NPK.37  This is a classic case of 
technological ‘lock-in’ that goes a long way toward explaining one of the central concerns of 
this paper, i.e. the extra-ordinary absence of soils from the global discussion of food prices, 
yield growth and food security. By elevating soil biology to a central place in its overall 
transdisciplinary approach to soils as a complex system, agroecology has clearly gone up 
against this path dependency that reductionist soil science is responsible for perpetuating.     

In short, our conclusion is that agroecological science provides a knowledge set that defines 
a set of practices that can, in turn, tackle the question posed at the outset of this section, 
namely how to increase yields and food security for the poor by restoring the soils. The 
survival of future generations may well depend on how the highest quality soils are 
protected by deploying these practices across key regions, including the temperate zones of 
South America, the fertile deltas of South and Southeast Asia, and the deep volcanic soils 
scattered throughout the tropics. There is no space here to review the burgeoning research 
on agroecological systems since the 1990s, all of which confirm in one way or another that 
yield growth, higher incomes from farming and improved food security are being achieved 
by restoring soils and protecting water resources (Badgley et al. 2007; Halberg et al. 2005; 
Lampkin & Padel 1994; Pretty et al. 2003; Stanhill 1990). Journals such as Journal of 

Sustainable Agriculture and Renewable Agriculture and Food Systems repeatedly publish 
useful case studies that confirm how soil restoration and related eco-centric measures 
result in quantitative increases and qualitative improvements in yields.  

When agroecological agriculture is compared to conventional HEI agriculture the question 
that is most often raised is whether farming methods organised along agroecological lines 
“can feed the world”. This is always a rather strange discussion because it is often 
conducted on the assumption that conventional HEI agriculture can feed the world and that 
it is only agroecological agriculture that needs to prove that it can achieve the same results. 
As suggested in this paper, setting the benchmark at what HEI agriculture can achieve is 
totally inadequate, especially if soil degradation is factored into the equation. Much more 
has to be achieved. In this regard it is worth reviewing two major reports that have tried to 
establish whether, indeed, enough food would be produced if it was produced using 
agroecological methods. 

 

                                                       
37 Interestingly, by contrast, companies that sell pesticides have in recent years supported research into 
agroecological zero/low tillage systems because these systems reduce external NPK requirements but remain 
fairly high users of pesticides. 


