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Dear Reader,
We live in an era when agriculture is demonstrating 
its fragility on a daily basis.

Despite its high complexity, for decades we have been 
accustomed to regard it as a field of activities that deliver 
modest added value and poor technical, avant-garde 
content and free from risk of structural discontinuity. As its 
importance has gradually diminished within the economies  
of Western countries, the degree of public attention has 
also declined.

The awakening could not have been more abrupt: for some years now, market crises, 
the decrease in the productivity growth rates and the emergence of serious distribution 
problems have brought the agri-food sector to the forefront of international political and 
economic debate.
In particular, concerns are emerging around the level of exposure to possible structural 
shocks of the global food chain. It is increasingly clear that agriculture will have to search 
for and find a new medium-long term balance in order to withstand the great phenomena 
of demographic, climate, geopolitical and economic change affecting the world.
Our interest in the subject of agricultural models stems from this awareness. The 
transition to a more sustainable kind of agriculture, in fact, can only take place through 
the gradual adoption of crop models that are increasingly able to produce healthy food of 
good quality and have access to the global commercial channels. These crop models must 
be in balance with the natural environment (thanks to appropriate profiles of productive 
efficiency), able to withstand the impact of climate change effects and harmonious with 
respect to the social contexts in which they should contribute to sustainable development.
Within this paper, we have described the different production models and the various 
options available, in light of their social and economic implications.In an effort to not 
limit ourselves to a simple description of reality, we used a model to simulate the impact 
of changes in agricultural practices on the current amount of food available worldwide.
It was thus possible to envisage different scenarios, assigning different values to the 
variables in play. The simulations carried out have confirmed the fragility of the global 
agricultural system and the urgency of corrective action. In particular, the search for 
approaches based on solutions in order to reduce energy consumption and with an in-
depth knowledge of the content, will be prerequisites for sustainability.
References of research conducted by the Barilla Group will also be noted within this 
paper. There was no intention to use it as an opportunity for promoting the company – 
the Barilla Center for Food & Nutrition exists completely independently of the Barilla 
Group –, but rather, as a demonstration of what a company can actually do to help solve 
problems. For us, this experience was the confirmation of how significant, for the whole 
system of stakeholders, the impact of activities to generate sustainable and widespread 
economic value can be. 

Enjoy the read,
Guido Barilla
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	 The	vision	of	The	
Barilla	CenTer	for	
food	&	nuTriTion

To	offer	a	varieTy	of	highly	sCienTifiC	ConTriBuTions	
and	BeCome	a	valuaBle	serviCe	To	The	insTiTuTions,	The	
sCienTifiC	CommuniTy,	The	media	and	Civil	soCieTy	over	
Time;	a	meeTing	poinT	for	anyone	who	Cares	aBouT	
food,	The	environmenT,	susTainaBle	developmenT	and	
iTs	impliCaTions	on	people’s	lives.

©
 C

or
bi

s



6

B
C

FN
 In

de
x 

20
11

	 the future of fooD is growing with us

the Barilla Center for Food & Nutrition (BCFN) is a center of multidisciplinary 
analysis and proposals which aims to explore the major issues related to food 
and nutrition on a global scale. 

Created in 2009, BCFN intends to listen to the demands emerging from society today 
by gathering experience and qualified expertise on a worldwide level and promoting 
a continuous and open dialogue. The complexity of the phenomena under investiga-
tion has made it necessary to adopt a methodology that goes beyond the boundaries 
of different disciplines. 
These topics under study are broken down into four areas: Sustainable Growth for Food, 
Food for Health, Food for All and Food for Culture. The areas of analysis involve science, 
the environment, culture and the economy; within these areas, BCFN explores topics 
of interest, suggesting proposals to meet the food challenges of the future. 

fooD for sustAinABLe growth
In the field of Food for Sustainable Growth, the Barilla Center for Food & Nutrition 
focuses on the issue of the optimization of natural resources within the framework of 
the food and agricultural sector. More specifically, the studies conducted so far have 
identified some critical issues and have evaluated the environmental impact of food 
production and consumption, putting forward a series of proposals and recommenda-
tions for individual and collective lifestyles which may have a positive effect on the 
environment and on natural resources. 

fooD for heALth
In the field of Food for Health, Barilla Center for Food & Nutrition 
has decided to start its research work by analyzing the existing relationship between 
nutrition and health. It has studied in depth the recommendations provided by the 
most distinguished nutrition institutes in the world and the results of ad hoc panel 
discussions with some of the most accredited scientists at the international level. As a 
result, it has been able to provide civil society with a clear set of concrete proposals for 
more easily adopting a correct lifestyle and a healthy diet. 

the BAriLLA Center 
for fooD & nutrition



St
ep

ha
ni

e 
M

az
e/

N
at

io
na

l G
eo

gr
ap

hi
c 

St
oc

k

fooD for ALL
In the field of Food for All, the Barilla Center for Food & Nutrition deals with the issue 
of food accessibility and malnutrition with the aim to reflect how to promote better 
governance of the food and agricultural sector on a global scale, in order to have a more 
equitable distribution of food and a better impact on social well-being, health and the 
environment.

fooD for CuLture
In the Food for Culture area, the Barilla Center for Food & Nutrition aims the relationship 
between man and food. In particular, BCFN has traced the most significant stages in the 
evolution of the man-food relationship, refocusing on the fundamental role of the Mediter-
ranean diet. 

In line with this approach, the activities of BCFN are guided by the Advisory Board, a body 
composed of experts from different but complementary sectors, which makes proposals, 
analyzes and develops the themes, and then drafts concrete recommendations.
One or more advisors have been individuated for each specific area: Barbara Buchner 
(expert on energy, climate change and the environment) and John Reilly (economist and 
expert on environmental issues) for the area Food for Sustainable Growth; Mario Monti 
(economist) for the area Food For All; Umberto Veronesi (oncologist), Gabriele Riccardi 
(nutritionist) and Camillo Ricordi (immunologist) for the area Food for Health and Claude 
Fischler (sociologist) for the area Food for Culture. 

New models for sustainable agriculture constitutes the third step in a process initiated by 
the Barilla Center for Food & Nutrition with the papers Is GMO agriculture sustainable? 
(2010) and Beyond GMOS: The agri-food biotechnologies (2011). We began with the analysis 
of agri-food biotechnology, which has long been the focus of much debate, and then broa-
dened the scope of the survey to the main characteristics of the different existing agricul-
tural models in order to evaluate the profiles (current and prospective) of sustainability. 

This paper attempts to investigate a key issue, especially for the future: the identification 
of agricultural practices and models that are truly sustainable, according to a holistic and 
multifunctional interpretation of “sustainability” in agriculture.

Sustainability in the food sector is, and will be, central in the near future, not only in 
developed countries – which, after years of intensive agriculture, are now facing the 
possible risks associated with energy crises and the scarcity of soil resources – but also in 
developing countries by which adopting less invasive modern agricultural models, could 
see an increase in the output and quality of their crops in a long-term vision.

Therefore, the objective of the document is to identify and examine the main factors un-
derlying these dynamics by analyzing the most recent contributions of the scientific and 
institutional world, the case studies, and most interesting best practices worldwide in an 
effort to contribute to the current debate – which is fully implemented in the European 
Community – and offer analysis, reflection and macro policy directions in this regard.
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ber of variables that, directly and indirectly, affect the results of agricultural in 
terms efficiency and sustainability.

Alongside the system of food production there are fundamental aspects concerning energy, 
soil quality, availability/use of water resources, (agro-)biodiversity and socio-economic ef-
fects that impact agriculture at the local level. The collective impact of migration, popula-
tion and different agricultural models on food security and human health are particularly 
relevant. Dietary habits and the consequences of climate change must also be taken into 
account among the major “underlying” issues in the assessment of agricultural systems.
Agriculture, in all its complexity, demonstrates daily its fragility and its exposure to possible 
shocks that might occur at the expense of one or more of its constituent factors; therefore, 
it must find new forms of balance that would allow it to be sustainable in the long run.
Achieving a more sustainable agriculture will occur through the gradual adoption of 
agricultural models that must be: able to produce healthy food of good quality; able 
to access the global commercial channels; “in-balance” with respect to the natural en-
vironment (thanks to appropriate profiles of productive efficiency); able to withstand 
the impact of climate change; and, finally, intune with the harmonic social contexts in 
which they should contribute to sustainable development.
In general, alternative approaches to agriculture can be represented in different ways, 
but more or less there are three fundamental aspects: economic and commercial, tech-
nological, and environmental.
According to the FAO, the systems of agricultural production can be divided into three 
main categories:¹ High External Input (HEI) systems, Intermediate External Input (IEI)
systems and Low External Input (LEI) systems. What is important, to this end, is the 
intensity of non-renewable resources consumed.
In an effort to not just give a simple description of the existing reality, but to interpret 
the types of current agricultural models and try to propose alternatives for the future, 
the Barilla Center for Food & Nutrition has made – in collaboration with the Millen-
nium Institute – a model simulating the impact of changes in agricultural practices on 
the current amount of food available worldwide.
What impact could large external shocks have on world agriculture and its evolution? 
And, in particular, what are the effects in terms of the number of calories per capita per 
year available worldwide?
The proposed model allowed the simulation of different scenarios, assuming an avail-
ability of abundant energy or hypothesizing a future rapid increase in oil prices, which 

exeCutiVe suMMArY
would be followed by a consequent significant growth in prices of inorganic fertilizers 
(and therefore, a reduction in their use).
The following three macro scenarios of the global agricultural system’s evolution were 
tested to understand implications about its future:

	 Scenario of Business As Usual (BAU): agricultural practices with a high level of exter-
nal input will cover 60% of the global area/land cultivated in 2050;

	 Scenario of Strong HEI Growth: agricultural practices with a high level of external 
input spread at an accelerated pace to cover 90% of the total cultivated area in 2050;

	 Scenario of Stopped HEI Growth: there will be little spreading of the high external in-
put, which will remain at the current level of 45% of the total cultivated land in 2050.

Results
Assuming a constant energy supply over the 80-year period observed, the produc-
tion scenario with the highest yield – in terms of sustainability – was the Strong HEI 
Growth scenario, followed by the Business As Usual scenario ( BAU) and, finally, by the 
Stopped HEI Growth model. In a context of simplified global development, in which 
possible reductions in the availability of all the elements that make up the profile of 
sustainability are not taken into consideration, nor any possible energy shocks, a pro 
Strong HEI Growth policy would generate a total availability of calories well above the 
required amount.
However, the Stopped HEI Growth scenario is also projected to be able to supplya more 
than adequate total caloric intake. This indicates that it seems there will be no problem 
of availability of total calories in the future.
Nevertheless, the assumption of a constant availability of energy over time is unrealistic 
in any case: fossil fuels are steadily decreasing and renewable energy sources are not yet 
a viable alternative. Therefore, it is plausible to assume that there might be a shock in 
the global energy supply at some point, which would put a strain on energy-intensive 
systems such as the HEI models.
These models become economically unsustainable and unprofitable, and serious prob-
lems would arise linked to the shift to more energy efficient models. The costs of the 
production change would be felt in terms of reduced output available and time spent in 
the acquisition of the know-how necessary for the transition.
The simulation results show that, in the case of reductions in energy availability starting 
in 2025, an approach to low external input would lead to a result of Worse-Before-Better 
(WBB), i.e., low productivity in the short-term with a return to higher levels of yield in the 
medium to long-term. 
In the case of an energy crisis, the results depend strongly on the amount of time spent in 
shifting from HEI systems to a LEI (in the direction of a Stopped HEI Growth scenario) 
one. The results of Strong HEI Growth-Energy Shock and BAU-Energy Shock systems are 
less negative in the short-term. 
Our simulation shows the fragility of the global agricultural system. A fragility we must 
deal with by promoting a balanced mix of agricultural models, built to cope with the 
phenomena of relative scarcity.
The reality, of course is much more complex than has been willfully represented. In addi-
tion to possible energy shocks, in fact, there are many other long-term risk factors: water 
availability, adaptation to atmospheric phenomena, etc. 
However, the result strongly emphasizes one of the most relevant topics concerning the 
future: the search for knowledge-based, energy-reducing solutions will become one of 
the most crucial aspects of sustainability. 
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In the paper, there are some concrete examples of the application of the different agricul-
tural models, also including the results of a study conducted by the Barilla Group to iden-
tify how to improve the sustainability of the main cereal crop used, that of durum wheat.

Conclusions
In light of the analyses, simulations and discussions carried out, what - overall – are the
conclusions? The complexity of agriculture does not allow us to draw unequivocal con-
clusions. Nevertheless, evidence, reflections and trends emerge and converge towards a 
possible practical approach to true sustainability.
In particular, there are seven points of attention that we consider fundamental:

1 Sustainable agriculture is characterized by a systemic conceptual and operational approach. 
For a future of sustainability, we must increasingly learn to “hold together,” according 
to a multidisciplinary approach, the social, environmental, economic, and research and 
development aspects. Approaches aiming at pursuing partial goals, albeit in a very effec-
tive way, can at most reap some short-term success of one of the dimensions, but they 
do not help in winning the challenge of sustainability.

2 Sustainable agriculture is based on a large number of agricultural practices that are already known.
The knowledge available, comprised of scientific knowledge and proven practices, has  
crystallized into some excellent and practical guiding principles of truly sustainable 
farming. In short, these guidelines are to: cultivate a wider range of plant species, start-
ing with a systematic use of crop rotations; minimize the mechanical working of the 
land; and maintain a protective cover on the surface of the organic soil. These practices/
techniques – associated with the use of high-performance crop varieties, optimized 
use of organic and inorganic fertilizers, integrated management of pests and diseases 
through appropriate practices and, when necessary, the efficient management of water 
resources – allow, for the same macro reference model (HEI, LEI, IEI), the achievement 
of better performance in terms of sustainability.

3 Agronomic “knowledge” is not very widespread.
In the agricultural field, over the years, a wealth of available knowledge of extraordinary 
value has been accumulated that is only partially used today. In certain circumstances, 
this seems to happen due to a lack of effective processes of the transfer of know-how; 
in others, because it is believed that, at least partially, the technology available makes 
in-depth knowledge of the natural dynamics superfluous. What emerges is the need to 
strengthen the base of human capital in agriculture, bridging the gap between available 
knowledge and individual skills and of the system. Regarding this aspect, we will need 
to create significant investment plans because it is the prerequisite for any development 
in the direction of greater sustainability.

4 Correct agricultural models for specific contexts: the objective is to reduce external inputs.
In our opinion, there are no good or bad agricultural paradigms a priori. There are cer-
tainly HEI models which we believe will prove to be unsustainable in fact, and LEI mod-
els which cannot be implemented in all contexts. Alongside these, there is a wide range 
of realities, namely that of Intermediate External Input (IEI) systems adjacent to LEI 
systems that can be properly managed, in light of the above sustainability requirements. 
In other words, what matters is the trend line, i.e., the shift toward the more sustainable 
IEI models and the balance between models within macro regions.

Developing countries, instead, need to adapt and revisit models that are appropriate to 
the specific characteristics of the local reality.

5 Biodiversity as a tool for proper risk management.
A pragmatic approach, without prejudice, to the choice between agricultural models 
allows – at the level of policymaking – the maximization of the overall resilience of ag-
ricultural systems. Proper management of biodiversity and the coexistence of different 
models, all equally optimized as to sustainability, amplify the possibilities for respond-
ing to adverse events and specific objectives of the research system when there are alter-
natives (such as high quality vs. high volume).

6 Investments in technology to make agriculture more able to adapt to change.
Technology, in our view, also takes on a different connotation from the one that too often 
prevails. Today, in fact, when it comes to technology in agriculture, often it is referred 
only to the issue of productivity and yields, in the belief that they can be increased by 
improving the individual varieties. However, the fundamental ability is to adapt, which 
is expressed in the integrated and harmonious management of a wide range of tools and 
management logic: plant varieties that are resistant to stress, management of advanced 
systems of irrigation, the scientific approach to fertilization, etc.

7 The external factors of sustainability in agriculture: food waste and losses, biofuels.
We must not forget that a large part of the problems facing the agricultural system and 
food are extraneous to the choices of agricultural models and their research and optimi-
zation. Some phenomena combine to emphasize the centrality of production volumes 
at the expense of an altogether more balanced approach: this is, above all, a matter of 
food waste, which has reached truly disturbing proportions and represents a challenge 
for future agricultural sustainability. Along with this, there emerges a central issue for 
the purposes of resource allocation decisions in the agricultural sector (both financial 
and physical): the production of biofuels. As much for the “waste” issue as for that of 
“biofuel,” inadequate management of the problem, on the one hand, and questionable 
choices in the field of energy policy, on the other, result in strong pressure placed on the 
system of agriculture to make up for deficiencies that it should not have to bear.
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the Future of Agriculture and Sustainability is the third part of a series of position 
papers initiated by the Barilla Center for Food & Nutrition.1 The first papers 
evaluated Is GMO agriculture sustainable? (2010) and Beyond GMOs. The agri-

food biotechnologies (2011) respectively. Within this paper, we not only analyze agri-food 
biotechnology, but also different production models and their respective attributes in order 
to assess their sustainability.
The analysis of the agricultural system requires taking into consideration a significant num-
ber of variables that, directly or indirectly, affect the results in terms of agricultural effi-
ciency and sustainability.
Alongside the system of food production, there are fundamental aspects concerning energy 
(use/production of energy, particularly from fossil fuels), soil quality (loss/depletion), 
availability/use of water resources (water scarcity and its use), (agri-)biodiversity and 
socioeconomic effects that impact agriculture at the local level. The collective impact 
of migration (especially in the most critical socio-economic backgrounds), population 
and different agricultural models on food security and human health (epidemics, 
undernourishment, malnutrition) are particularly relevant. Finally, the assessment of 
agricultural systems should take into consideration eating habits (current and future, 
Western and non-Western) and the consequences of climate change (the rise in average 
temperatures, changes in precipitation, extreme events, etc.).
The collective interaction of these variables describe an articulated and complex phenom-
enon – that of agriculture – which demonstrates its fragility daily. An example of this is the 
unresolved problem of access to food, which is expected to worsen due to the reduction of 
arable land, pollution and the erosion of genetic resources – and which, because of possible 
shocks that might occur at the expense of one or more of its constituent factors, will have 
to find new forms of equilibrium to be sustainable in the long run.
In light of such complexity, sustainable agriculture can be defined as “the production of 
food that makes the best use of the goods and services of nature, without damaging it.”2 So, 
as the FAO reminds us, it should “help to conserve natural resources, to assist in protecting 
the environment, be appropriate for the frame of reference – from the point of view of the 
techniques used – and, finally, be economically and socially acceptable.”3

The reasons for the growing interest in more sustainable forms of agriculture, as com-
pared to the models that are prevalent today, lie in the increased awareness of the envi-
ronmental impact of farming, as well as the awareness concerning the possible scarcity 
(not only in the future) of the resources that have supported the development of agricul-
ture so far, starting with oil.

sustAinABLe 
AgriCuLture CAn 

Be DefineD As the 
proDuCtion of fooD 

thAt MAkes the Best 
use of the gooDs AnD 

serViCes of nAture 
without CAusing 

DAMAge

the future of AgriCuLture 
AnD sustAinABiLitY

1. figure	1.1.	the model developed by the iAAstD to represent the complex system of agricul-
ture (s = same; o = opposite; r = reinforcing; B = Balancing)

source:	iaasTd,	2011	(presented	to	the	advisory	Board	of	BCfn	on	february	17,	2011).
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The last 50 years have been characterized by the rapid development of agricultural activ-
ity ¬ albeit asymmetrically between the different areas of the world ¬ toward the adop-
tion of technologies that increase the productivity of the factors employed and a general 
modernization of production techniques. In some geographical areas, ever since the Sixties 
and Seventies, the simultaneous introduction of plant varieties that are highly responsive 
to production inputs (High-yielding Varieties, HYV,), the practice of monoculture, wide-
spread mechanization, agrochemicals (massive use of pesticides, herbicides, fungicides and 
synthetic fertilizers developed through the use of nitrogen, phosphorus and potassium) 
have contributed to an extraordinary increase; at least in the short to medium-term, in 
production volumes for the same person ¬ especially with regard to  wheat, corn and rice, 
as well as generating many economies of scale along the whole chain.
On one hand, this model has ushered in a long period of high productivity and low food prices, 
but on the other hand, it has resulted in an intensive and often irreversible exploitation of the 
natural resources as the IAASTD’s report Agriculture at a Crossroads reminds us: soil erosion, wa-
ter contamination, pollution of rivers and water basins, deforestation and the loss of biodiversity. 
For this reason, over the past decade the growth of agricultural productivity has signifi-
cantly dwindled, to a phase of “stagnation of yields”. This is evident if one analyzes trends 
in the yield per hectare of corn and wheat in the U.S. (Figure 1.2.).
In the meantime, criticism of the model of intensive monoculture has led to experimenta-
tion with approaches that are more attentive to overall sustainability.
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That is why the debate on the process of rethinking the logic of the prevailing models is so 
heated. With this in mind, it seems essential, first of all, to identify what the basic require-
ments are of the possible agricultural models and the issues to consider, in light of the 
sustainability requirements, namely:

 The issue of controlling crop diseases and pests – for ensuring adequate yields, the stability 
of production and food security – will still be central in the future and will also, to a cer-
tain extent – with regard to diffusion and intensity – represent a side effect of industrial 
agriculture.

 What strongly emerges is the need to identify techniques and approaches to address the 
changes taking place (and expected to increase) in relation to two key factors: the avail-
ability of water and the quality of the soil.

 It will also still be important to address the issue of agricultural productivity: if it is true that 
the problems of access to food are more related to the distribution of the product than 
to any insufficiency in the volume of global agricultural production,5 then it is equally 
clear that in some parts of the world, agricultural yields still constitute a serious problem, 
reaching levels below those already experienced, even in the most economically advanced 
countries. In this sense, the correct application of agricultural techniques aimed at im-
proving yields, remains at the heart of the debate on innovation in agriculture, especially 
if looking at the area of the world that requires significant improvement in average living 
conditions. One of the areas of greatest interest is that of finding an effective combina-
tion of the use of advanced breeding tools (MAS, TILLING, etc.) and the implementation 
of assessment processes and improved farming techniques and crop management.6

  Directly and indirectly linked to all the issues listed above is a main problem related to 
global food security: the nutritional quality of food products. The current situation pre-
sents one of the most striking imbalances. While the number of people who are obese 
is increasing (especially in developed countries), there is the unsolved problem of en-
tire populations that are malnourished (especially in developing countries), with seri-
ous implications in terms of the lack of macro- and micro-nutrients essential for a 
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The	constant	drive	 toward	 the	yield	and	
exploitation	of	land,	particularly	since	the	
mid-twentieth	 century,	 has	 meant	 that	
the	agricultural	and	food	sector	has	been	
largely	 responsible	 for	 several	 phenom-
ena,	such	as:
-	the	serious deterioration of arable land:	

40%	of	the	land	is	degraded	or	poor;
-	the	gradual reduction of the extension 

of the great forests:	 about	 43%	 of	 the	
tropical	and	subtropical	forests	and	45%	
of	 temperate	 forests	 have	 been	 con-
verted	to	land	used	for	crops,	including	
the	conversion	of	about	13	million	hec-
tares	of	peat	forests	in	southeast	asia,	
mainly	for	the	production	of	palm	oil;

-	the	bad use of agricultural land and for-
ests:	about	30%	of	global	emissions	of	
greenhouse	gases;

-	 the	 intense exploitation of fishing areas:	
32%	is	overexploited,	impoverished	or	de-
pleted	and	52%	has	been	fully	exploited;

-	the	reduction of the available water sup-
ply:	by	now	about	70%	is	used;

-	an	80% use of all phosphorus available,	
with	deposits	rapidly	decreasing	in	the	
three	main	producing	countries;

-	the	strong dependence on fossil fuels as 
an input	(e.g.,	for	the	production	of	fer-
tilizers,	 irrigation,	mechanization),	with	
the	 risk	 of	 a	 “peak	 in	 the	 price	 of	 oil”	
and	of	climate	change.

Food, agriculture anf the scarcity
of natural resources4
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note:	the	yield	per	hectare	is	calculated	as	the	ratio	between	the	level	of	production	and	the	area	
harvested	for	each	year	considered;	the	trend	has	been	identified	by	using	a	5-year	moving	average.

figure	1.2.	trend of the yield per hectare of corn – usA (tons per hectare, 1961-2009)
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source:	reprocessing	of	data	from	the	united	states	department	of	agriculture	database,	2010.

the growth trenD 
of AgriCuLturAL 
proDuCtiVitY wAs 
signifiCAntLY reDuCeD 
up to A phAse of 
“stAgnAtion of YieLDs”
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healthy life, or even for survival. Agriculture also plays a decisive role in these issues.
  Another fundamental issue is that of resilience: in the coming decades, it is expected that 
climate changes will cause structural changes in the ecological conditions of entire mac-
ro-regions of the planet, as well as a growing number of environmental shocks. At that 
point, it will become necessary to use agricultural and risk management techniques that 
are able to successfully deal with emergencies.

  Equally crucial is the problem of food waste and food losses which – if mitigated – would 
help to fight hunger, improve food security in poorer countries and increase the income 
of farmers and of the consumers themselves, with positive impacts on the environment, 
thus avoiding loss of land, water and energy.

  Along with the issue of the loss/waste produced by world agriculture today, what emerges 
– with a significant impact in terms of future agricultural sustainability – is the issue of the 
use of resources (financial and physical) in the agricultural sector for the production of biofuels.

  Finally, the socio-economic aspects of sustainability must also be taken into account. 
Agriculture is an essential economic activity in many regions of the world, and the struc-
ture of production processes has a significant impact on the economic and social reality 
in which they take place. In particular, “economic and social sustainability” means, first 
of all, safeguarding and creating jobs in local agriculture and the improvement of living 
conditions in rural areas. Rural development, especially of small farmers in developing 
countries, should be a priority at the global level.

To summarize what has been expressed, we can say that when we use the concept of “sus-
tainable agricultural models,” we are referring to models of farming for producing healthy 
food of good quality, with requirements that will allow access to global marketing channels, 
“in-balance” with respect to the natural environment (thanks to appropriate profiles of pro-
ductive efficiency), able to withstand the impact of the effects of climate change and in har-
mony with the social contexts in which they must contribute to sustainable development.

source:	Global Food Losses and Food Waste,	fao,	2011.

figure	1.3. food waste & losses (kg/per capita/year) in the stages of consumption and pre-
consumption, for the various areas
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according	to	recent	fao	estimates,	there	
are	 about	 925	 million	 people	 in	 the	
world	today	who	suffer	from	hunger.	out	
of	a	population	of	about	6.9	billion	peo-
ple,	 the	 problem	 of	 malnutrition	 in	 the	
world	concerns	13.4%	of	the	total.	as	we	
know,	 the	 people	 most	 affected	 by	 this	
phenomenon,	98%	of	the	total,	are	con-
centrated	in	developing	countries.	along	
with	hunger,	equally	worrying	is	malnu-

trition:	 the	 5.6	 million	 deaths	 annually	
among	 children	 under	 the	 age	 of	 five	
are,	 in	 fact,	 directly	 related	 to	 diseases	
such	 as	 diarrhea,	 pneumonia	 and	 ma-
laria	that,	 in	the	pres	ence	of	anappro-
priate	 level	and	 the	proper	composition	
of	food,	would	not	be	lethal.	 it	 is	also	e	
timated	that	684,000	child	deaths	could	
be	avoided,	all	over	the	world,	just	by	in-
creasing	access	to	vitamin	a	and	zinc.7

Some data on malnutrition
and undernourishment

© Corbis



2.	agriCulTure	
Today:	The	main	
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it is possiBLe to 
represent the VArious 

ALternAtiVe ApproAChes 
to AgriCuLture BY 

BAsiCALLY referring 
to three orDers of 

issues: eConoMiC AnD 
CoMMerCiAL AspeCts, 

teChnoLogY AnD
sustAinABiLitY

Most agricultural models can be found at an intermediate level, with a range of possi-
ble gradations. 
These are the so-called IEI models (Intermediate External Input), involving the use of im-
proved crop varieties through conventional breeding techniques and hybridization, the 
search for a sustainable balance between mechanization and labor, the use of techniques 
with a high content of knowledge and the use of fertilizers and chemicals, according to 
integrated patterns of cultivation. 
The sustainability of the different models is obviously different: in particular, the HEI systems 
seem to be able to ensure crop yields that are better in terms of product per area, but they are 
obtained with a high consumption of resources, which undoubtedly makes them more fragile as 
to the future prospect of a possible scarcity of resources. The LEI systems, however, are forced 
to “pay” for their minimal impact on resources in terms of crop yields that are typically lower.
In any case, this is a very simplified representation of the reality, which instead, is far more com-
plex and dynamic. Therefore, it seems useful to briefly analyze the characteristics and specific 
cases of the application of some of the main agricultural models worldwide, taking into conside-
ration the effects in terms of sustainability.
In particular, sustainable agricultural practices include: the promotion of biodiversity, the  
recycling of plant nutrients (nutrient cycling), protection against soil erosion, the conservation 
and protection of water, the minimum processing of the terrain, the absence of chemical pro-
ducts and synthetic fertilizers, and integration between agriculture and raising animals. 

the most common agricultural model of our time has been defined with different 
termsconventional, modern, high-input and industrial ¬ and is considered to be the 
evolution of agriculture in that it includes sophisticated technologies that have greatly 

increased the productivity of labor.
In the Sixties and Seventies, this model led to dramatic increases in production – particularly of 
corn, rice and wheat – through the introduction of high-yielding varieties (HYV), monocultures, 
widespread mechanization and the use of agrochemicals (pesticides, herbicides and fungicides). 
The period in which it was adopted and developed became known as the “Green Revolution” 
(GR) and subsequently it was adopted in emerging contexts, such as Latin America and Asia.
The practice of monoculture allows the farmer to specialize as to the factors of production 
used, adopting specific machines and agrochemicals and using them on many acres of land at 
once, thus increasing efficiency. Potentially, this leads to an economy of scale. Furthermore, 
the development of synthetic fertilizers formulated to provide the crops with nitrogen, phos-
phorus and potassium for optimal growth has helped to increase crop productivity. Therefore, 
the modern industrial agriculture and GR practices have resulted in the doubling of cereal 
production worldwide and the beginning of the surplus era.
In general, it is possible to represent the various alternative approaches to agriculture in dif-
ferent ways, even if all the descriptions – more or less concise – are basically made up of three 
orders of aspects: economic-commercial, technological and those concerning sustainability. 
Among the different classifications proposed in the literature, of considerable interest is the 
one proposed by the FAO, according to which the many farming systems can be divided into 
three main categories:1 the High External Input systems (HEI), the Intermediate External 
Input systems (IEI) and the Low External Input systems (LEI). What is particularly significant 
in this setting is the reference to the intensity of the non-renewable resources consumed.
Figure 2.1. shows the conformation of different production systems, depending on the degree 
of substitution between processes primarily based on inputs consisting of natural resources 
and processes mainly based on synthetic or technological inputs.
The HEI systems (High External Input) are characterized by their strong commercial orienta-
tion, the use of crop varieties with high yield, intense mechanization (which is accompanied 
by low labor intensity) and dependence on productive factors of a synthetic nature (fertilizers 
and agrochemicals). These models are aimed at maximizing production output in conditions of 
maximum efficiency due to achievable economies of scale. Monoculture and the cultivation of 
crops of genetically modified organisms (GMOs) represent the extremes of this approach.
At the other end of the spectrum lie the LEI systems (Low External Input) which are characteri-
zed by the use of traditional plant varieties, the use of labor-intensive techniques and knowledge, 
and the low use of chemicals.

An outLine of interpretAtion2.1 figure	2.1. the three main agricultural models according to the fAo

source:	fao/oeCd,	Food availability and natural resource use in a green economy context,	2011.
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The	 description	 of	 the	 possible	 models	 of	
agriculture	according	to	a	tripartite	classifica-
tion	(hei,	lei,	iei)	leads	to	a	significant	sim-
plification	of	the	various	agricultural	models	
that	actually	exist	in	the	world.	This	simplified	
representation	has	been	used	to	facilitate	the	
consideration	of	some	important	trends.	 in	
light	of	the	analyses	and	evidence	that	has	
emerged	from	research,	we	believe	that:

	 a	 complete	 classification	 of	 “agricultural	
models”	should	start	from	the	definition	of	
typical	situations	regarding	the	use	of	key	in-
puts,	such	as:
-	genetic resources:	traditional	local	varieties,	
modern	varieties	obtained	by	conventional	
breeding,	hybrids	and	gmos;

-	water resources:	 rain-fed	 cultivation	 and	
crop	irrigation;

-	energy resources:	labor	intensive	and	highly	
mechanized;

- soil resources (quantity):	extensive	farming	
and	intensive	agriculture;

-	soil resources (quality):	zero/minimum	tilla-
ge	and	conventional	plowing;

-	nutritional resources:	 organic	 fertilizers,	
natural	 fertilizers,	 inorganic	 and	 synthetic	
fertilizers;

-	the fight against pathogens and weeds:	
biological	control,	integrated	pest	manage-
ment	and	the	fight	against	synthetic	che-
mical	products.

	 each	 form	 of	 agriculture	 (or	 agricultural	
model)	 can	 never	 be	 assessed	 in	 the	 ab-
stract,	but	must	always	be	placed	in	a	geo-
graphical	context	with	regard	to	the	climate,	
soil,	and	economic	and	social	development.

	 in	 each	 context,	 the	 objectives	 of	 pro-
ductivity	and	sustainability	can	be	pur-
sued,	 at	 best	 simultaneously,	 with	 a	
specific	 form	 of	 agriculture;	 however,	
with	the	development	of	growing	uncer-
tainties	about	the	factors	that	define	the	
context	 (for	 example,	 climate	 change,	
the	 spreading	 of	 new	 pathogens,	 etc.),	

the	 coexistence	 of	 different	 agricultural	
models	can	provide	an	essential	model	
of	risk	management.	a	main	model	can	
be	applied	to	make	the	most	of	the	op-
portunity	 of	 favorable	 conditions,	 but	
other	models	can	still	be	kept	active	on	
a	smaller	scale,	to	be	rapidly	expandable	
when	 certain	 environmental	 conditions	
have	changed.	it	seems	possible,	for	ex-
ample,	to	seize	the	opportunity	of	highly	
productive	 corn	 hybrids	 that	 require	
high	inputs,	while,	however,	at	the	same	
time	also	 ensuring	 the	 reproduction	 of	
an	 adequate	 amount	 of	 seed	 of	 varie-
ties	of	traditional	corn	to	be	used	when	
local	 conditions	 have	 changed	 to	 the	
disadvantage	of	the	hybrids	(e.g.,	due	to	
drought,	pathogens,	the	exploding	costs	
of	fertilizer	and	energy,	etc.).

	 in	an	ideal	world,	where	one	can	ration-
ally	 plan	 the	global	 agricultural	 produc-
tion	 and	 where	 the	 distribution	 of	 food	
resources	and	access	to	food	are	ensured	
by	 efficient	 and	 equitable	 international	
systems,	 it	would	make	 sense	 to	 speak	
of	 the	 specialization	 of	 the	 planet’s	 ar-
able	land	in	order	to	optimize	the	use	of	
the	 scarce	 basic	 resources.	 indeed,	 it	 is	
clear	 that	 it	 actually	makes	more	 sense	
to	produce	rain-fed	cereals	in	temperate	
regions	of	the	planet	than	to	pursue	the	
self-sufficiency	of	individual	countries.

	 The	 matter	 of	 “good	 agricultural	 prac-
tices”	 can	 be	 seen	 across	 the	 different	
agricultural	 models	 because,	 in	 some	
ways,	they	can	be	applied	to	each	type	
of	 agriculture.	 proper	 crop	 rotation,	 in	
contrast	 to	crop	repetition,	has	positive	
effects	 on	 the	 fertility	 of	 the	 soil.	 The	
same	is	true	for	all	the	other	“best	prac-
tices”:	 from	 the	 calculation	 of	 the	 cor-
rect	amount	of	seed,	rational	fertilization	
(dose,	form,	timing,	splits),	to	pest	man-
agement	and	water harvesting.

Agricultural models and
good agricultural practices
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Traditional Agriculture

Traditional agriculture includes forms of breeding arising from the co-evolution of local 
social and environmental systems. It has a high ecological logic expressed through the in-
tensive use of local knowledge and natural resources, including the management of agro-
biodiversity as a form of a diversified agricultural system.

the MAin AgriCuLturAL
MoDeLs iDentifieD toDAY:
froM tAxonoMY to their
prACtiCAL AppLiCAtion

2.2

James P. Blair/National Geographic Stock
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The	 CediCam	 (Center	 for	 integral	 de-
velopment	of	the	mixteca	alta	for	farm-
ers)	was	founded	in	1980	by	Jesus	leon	
and	 a	 group	 of	 farmers	 in	 mixteca	 for	
the	 purpose	 of	 creating	 a	 democratic	
organization	 that	 would	 promote	 sus-
tainable	 agriculture	 and	 the	 sharing	 of	
community	projects.	The	Center	was	es-
tablished	to	find	a	solution	to	the	wide-
spread	 environmental	 degrad	 ation	 in	
the	 region,which	had	been	 taking	place	
since	 the	 beginning	 of	 its	 colonization,	
about	five	hundred	years	ago.
in	 fact,	 because	 of	 the	 large-scale	 de-
forestation	 carried	 out	 to	 allow	 for	 the	
grazing	of	animals,	the	area	has	become	
one	of	the	most	eroded	in	the	world.	ac-
cording	 to	 scientists,	 up	 to	 five	 meters	
of	 the	 active	 layer	 of	 the	 soil	may	 have	
been	lost	and	80%	of	the	soil	has	eroded,	
amounting	 to	500,000	acres	of	 land.	To	
complicate	 the	 situation,	 due	 to	 nafTa	
(north	american	free	Trade	agreement),	
the	price	of	 corn,	 grown	with	diversified	
traditional	biological	techniques,	has	been	
significantly	reduced	and	farmers	are	no	
longer	able	to	earn	a	living	only	with	the	
corn	 trade,	 a	 situation	 that	 has	 led	 one	
third	of	the	farmers	in	oaxaca	to	emigrate	
to	north	america	in	search	of	work.	
at	 first,	 it	 was	 thought	 that	 a	 solution	
could	be	the	implementation	of	modern	
industrial	 agriculture,	 willingly	 accepted	
by	 the	 inhabitants	 of	 the	 region	 who	
hoped	that	 this	would	once	again	bring	
them	 the	 economic	 prosperity	 the	 area	
needed.	 however,	 in	 the	 eighties	 (prior	
to	nafTa),	it	became	clear	that	this	new	
system	 of	 agriculture,	 in	 fact,	 was	 not	
able	 to	 bring	 higher	 yields,	 but	 rather,	
would	only	further	erode	the	soil	and	put	
the	 farmers	 into	debt.	moreover,	 in	 the	
corn-growing	 mixteca	 region,	 contami-

nation	 also	 occurred	 in	 the	 criollo	 corn	
varieties	 from	the	gmo	varieties,	which	
threatened	 the	 loss	 of	 conservation	
practices	 that	 had	 been	 carried	 out	 for	
thousands	of	years.	
it	was	then	that	the	CediCam	began	its	
reunification	work	in	order	to	reconstruct	
the	 local	 ecosystem	 through	 the	 adop-
tion	of	sustainable	agriculture.
in	2008,	leon	was	awarded	the	goldman	
environmental	 prize	 for	 his	 pioneering	
work	in	the	area	of	reforestation	carried	
out	under	the	CediCam.	he	managed	to	
unite	farmers	who,	together,	planted	one	
million	native	trees	in	the	mixteca	region	
to	combat	erosion	and	conserve	the	lo-
cal	biodiversity.	leon	also	turned	to	the	
use	of	the	ancient	indigenous	practice	of	
constructing	canals	to	harvest	rainwater	
and	prevent	runoff.	hundreds	of	miles	of	
canals	were	built	by	a	small	number	of	
peasants,	who	thus	also	 increased	their	
shared	capital,	in	addition	to	water	avail-
ability.	some	farmers	claim	that	the	aq-
uifers,	which	had	been	dry	until	shortly	
before	then,	were	replenished	due	to	the	
canals	that	kept	the	water	in	situ,	allow-
ing	 it	 to	filter	deep	 into	 the	soil.	others	
say	 that	 the	 hills	 have	 once	 again	 re-
vived	and	animals	have	begun	to	reap-
pear.	leon	has	also	promoted	the	use	of	
greenhouses	 to	 produce	 vegetables	 for	
the	 families	 and	 has	 educated	 farmers	
concerning	sustainable/basic	agricultural	
practices.	now,	many	farmers	propagate	
up	to	200,000	trees	and	distribute	them	
every	year	in	order	to	combat	erosion.
however,	 it	 should	 be	 emphasized	 that	
an	 important	 factor	 for	 the	 success	 of	
the	project	to	make	the	region	productive	
once	again	was	certainly	the	fact	that	the	
peasants	 of	 CediCam	 understood	 that	
the	ideas	and	products	coming	from	the	

The case of oaxaca (Mexico)
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outside	 are	 not	 always	 the	 best	 for	 the	
local	farmers	of	mixteca.	This	meant	that	
the	 traditional	 agricultural	 practices	 and	
the	 local	 diet	 were	 valued	 more	 highly	
than	foreign	products.	and	as	a	result	of	
the	work	of	CediCam,	thanks	to	the	eco-
nomic	improvement	of	the	area,	some	of	
the	people	of	oaxaca	who	had	emigrated	
to	the	united	states	have	returned	today	
to	work	again	with	their	families.
The	CediCam	is	an	example	of	a	move-
ment	transmitted	from	“farmer	to	farm-

er”	 in	 order	 to	 allow	people	 to	 address	
the	 many	 problems	 of	 environmental	
degradation	 and	 poverty.	 one	 reason	
this	project	has	been	successful	is	that	it	
arose	from	a	local	need,	was	developed	
by	the	 local	people	and	focused	on	real	
issues	 affecting	 the	 region.	 The	 locals	
know	their	own	land	and	traditions	bet-
ter	than	anyone	else	and	are,	therefore,	
more	effective	partners	 to	promote	 the	
development	 of	 social	 capital	 and	 food	
security	of	the	community.

© Corbis
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ConserVAtion 
AgriCuLture is A MoDeL 
thAt proMotes LittLe 
or no working of the 
soiL so As to MAintAin 

AnD preserVe its 
struCture

Conservation Agriculture

Conservation agriculture (CA) is a model that promotes minimal or no working of the 
soil in order to maintain and preserve its structure; in addition, it uses practices such as 
mulching and does not limit the use of GMO seeds or agrochemical products, as is the 
case with organic farming. The FAO promotes conservation agriculture in developing 
countries and defines it as an agricultural model that “aims to support sustainable and 
profitable agriculture and, consequently, its objective is the improvement of the living 
conditions of the farmers through the implementation of three principles: minimum till-
age, mulching and crop rotation”.
Both conservation agriculture and that of zero-tillage involve a minimal processing of the 
soil, planting in rows and the maintainance of crop residues. The proponents of conser-
vation agriculture wish to preserve the soil’s micro-organisms living in the surface soil 
and assist the plant in the absorption of water and nutrients. The zero-tillage also allows 
for maintaining the moisture of the soil, thus reducing water usage and improving the 
absorption and retention of CO2.
According to Rasha Omar of the IFAD, about 95 million hectares around the world are 
managed through conservation agriculture: of these 25% is located in the United States, 
approximately 23% in Brazil and 18% in Argentina (Derpsch, 2005 – quoted by the 
IFAD) and in all three cases, these are almost always crops (mainly soybeans) that come 
from herbicide-tolerant GMOs.

35

B
C

FN
 Index 2011

35

N
ew

 m
odels for sustainable agriculture

no-tillage	(or	zero-tillage)	is	a	technique	
used	 in	a	highly	conservative	concept	of	
agriculture.	it	has	had	a	very	rapid	diffu-
sion	in	northern	Kazakhstan,	so	much	so	
that	 from	2007-2008,	 it	was	 estimated	
that	the	area	under	zero-tillage	had	dou-
bled,	reaching	up	to	1.2	million	hectares.	
in	 northern	 Kazakhstan,	 in	 fact,	 there	
has	been	a	decline	of	traditional	plowing,	
while	techniques	of	little	or	no	tillage	have	
been	increasing	steadily.	This	is	undoubt-
edly	due	 in	 large	part	to	the	granting	of	
government	 subsidies	 for	 conservation	
agriculture,	bestowed	since	2008	thanks	
to	support	from	the	world	Bank,	the	fao,	
the	 gef	 and	 the	 Cgiar.	Today,	 farmers	
are	beginning	to	see	a	20-50%	 increase	
in	yields	compared	to	traditional	cultiva-
tion,	and	reduced	costs	 through	the	ap-
plication	of	conservation	agriculture	tech-
niques	(fileccia,	2009).
The	zero-tillage	farmers	use	special	ma-
chines	 that	 can	 grind	 up	 crop	 residues	
and	leave	them	on	the	soil	surface,	even	if	
it	means	leaving	heaps	of	stubbles	on	the	
ground.	These	two	methods	have	proven	
very	 effective	 in	 maintaining	 soil	 mois-
ture	high	and	in	reducing	erosion	due	to	
wind	 and	water.	 in	 this	 northern	 region	
of	 Kazakhstan,	 in	 fact,	 snow	 accounts	
for	35-40%	of	 the	annual	 rainfall	and	 is	
an	important	part	of	the	water	supply	in	
conservation	agriculture	 (fileccia,	2009).	
its	 slow	 and	 steady	 melting	 allows	 the	
water	 to	 seep	 deep	 down,	 reaching	 the	

horizon	of	the	root	system	and	thus	pre-
venting	soil	erosion.	The	snow	is	retained	
more	 efficiently	 when	 crop	 residues	 are	
left	 on	 the	 ground,	 even	up	 to	 a	 height	
of	about	35-40	cm.	(fileccia,	2009).	The	
lack	of	cultivation	of	the	soil	causes	a	re-
duction	in	costs,	but	this	savings	is	often	
reinvested	 in	 the	 first	 five	 years	 in	 the	
purchase	of	herbicides,	since	it	has	been	
shown	 that	 the	 zero-tillage	 farming	 is	
more	 susceptible	 to	weeds,	 because	 the	
weeds	are	not	 removed	mechanically	as	
in	other	agricultural	models.	some	stud-
ies	 have	 shown,	 however,	 that	 after	 the	
first	 five	 years,	 the	 application	 of	 herbi-
cides	is	reduced	and,	in	some	cases,	com-
pletely	eliminated	(fileccia,	2009).
however,	 despite	 the	 benefits	 obtained	
in	the	medium	and	long	term,	the	con-
version	 to	 zero-tillage	 can	 be	 difficult	
for	 small	 farmers	 in	 this	 region	due	 to	
the	 high	 cost	 of	 specialized	 machinery,	
such	as	a	seed	drill,	which	can	cost	up	
to	 360-400,000	 dollars	 (not	 including	
the	costs	of	high-power	tractors	needed	
for	their	towing),	but	in	fact,	many	farms	
converted	 to	zero-tillage	 in	Kazakhstan	
are	quite	 large,	with	over	50,000	hec-
tares	of	arable	land.	Thanks	to	the	sup-
port	 of	 the	 government	 and	 the	 inter-
national	community	for	its	development,	
Kazakhstan	has	become	one	of	 the	 top	
ten	 countries	 in	 the	 world	 in	 terms	 of	
extension	 of	 areas	 cultivated	 with	 the	
no-tillage	technique.

© Corbis

Zero-tillage in northern Kazakhstan
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from	 september	 2002	 until	 november	
2005,	 the	 fao	 carried	 out	 a	 project	 on	
conservation	 agriculture	 and	 food	 se-
curity	 aimed	 at	 obtaining	 food	 security	
for	 the	 democratic	 people’s	 republic	 of	
Korea.	 about	 80%	 of	 the	 population	 of	
north	Korea	lives	in	rural	areas	and	their	
livelihood	 is	 closely	 linked	 to	 agriculture	
(fao,	2007),	but	due	to	the	harsh	climate	
with	 temperatures	 ranging	 from	 -19°C	
in	winter	to	25°C	in	summer,	the	period	
suitable	for	cultivation	is	limited.	in	addi-
tion,	 following	 the	 severe	 storms	 of	 the	
nineties,	 lack	of	 fuel,	seed	quality,	agro-
chemical	products	and	reserves,	most	of	
the	 yields	 had	 decreased	 by	 50%	 in	 six	
years	 (fao,	 2007).	 and	 finally,	 the	 soils	
ended	up	typically	poor	in	organic	matter	
and	 phosphorus.	at	 this	 point,	 aware	 of	
these	problems,	the	government	encour-
aged	 the	 adoption	 of	 cropping	 systems	
that	were	an	alternative	to	the	traditional	
monoculture:	this	has	helped	to	increase	
food	production,	while	creating	a	barrier	
to	soil	erosion	and	declining	fertility,	also	
caused	by	traditional	plowing	(20	cm).
The	objective	of	the	fao	project	in	north	
Korea	was	 to	 train	 farmers	 and	 experts	
on	conservation	agriculture	practices	and	
to	 increase	yields	 in	a	sustainable	man-
ner.	The	 conventional	 tillage,	 for	 exam-
ple,	should	have	been	replaced	by	no-till	
technologies	 and	 cropping	 systems	 that,	
among	other	things,	included	green	ma-
nure	 and	 cover	 crops.	 The	 experiment	
was	conducted	on	plots	of	50	acres	be-
longing	 to	 three	 cooperatives;	 economic	
facilities	were	used	for	direct	seeding	de-
riving	from	experience	in	Brazil	and	were	
given	in	concession	to	farmers	along	with	
instructions	for	carrying	out	the	alterna-
tion	of	wheat-soybean,	corn-soybean	and	
wheat-rice	 with	 catch	 crops	 of	 different	

leguminous	crops	in	order	to	select	those	
which	were	the	most	suitable	to	the	real-
ity	of	Korea.	
The	 introduction	of	 conservation	agricul-
ture	practices	in	north	Korea,	for	example,	
brought	about	a	reduction	in	the	number	
and	 weight	 of	 weeds	 after	 the	 first	 year,	
thanks	 to	 the	mulching.	There	were	 also	
increases	 in	yield	compared	to	 traditional	
work	 systems	of	0.41	 to	0.63	 t/ha	 (fao,	
2007).	 however,	 in	 2003,	 areas	 under	
no-tillage,	 but	 which	 had	 not	 made	 use	
of	mulching,	did	not	report	any	significant	
increase	in	the	corn	yields.	yields	of	wheat,	
however,	 were	 comparable	 if	 alternated	
with	 corn	 or	 soybeans.	one	 of	 the	 three	
companies	 under	 study	 reported	 no	 in-
crease	 in	 production,	 because	 it	 had	 not	
been	able	to	correctly	use	the	disc	harrow	
(a	tool	used	to	cut	the	overburden).	Conse-
quently,	the	cover	crop	grew	in	such	quan-
tities	as	to	compete	with	the	corn,	thereby	
reducing	the	yield.
all	 the	 farms	 recorded	 the	 relative	 im-
provement	of	 the	soil	structure	with	an	
increase	 of	 nutrients	 and	 organic	 mat-
ter	as	compared	to	that	of	conservation	
agriculture	 (fao,	2007).	at	best,	 thanks	
to	 the	 coverage	of	 cornstalks	and	hairy	
vetch,	 the	 organic	 matter	 increased	 by	
0.2%,	 the	 available	 nitrogen	 by	 20-25	
mg/kg	of	soil	and	the	available	phospho-
rus	by	30-40	mg/kg	of	soil	(fao,	2007).
in	 land	 cultivated	 with	 a	 conservation	
farming	system,	an	increase	in	soil	mois-
ture	was	also	found	and	it	has	been	esti-
mated	 that	 the	mulching	with	straw	was	
able	 to	 increase	 the	moisture	 content	 by	
10-20%,	at	different	depths.	The	covered	
land	 also	 lost	 less	 topsoil	 (14-17%	 less	
than	plowed	land)	and	this	was	thanks	to	
protection	from	the	erosive	action	of	water.
finally,	 an	 economic	 analysis	 was	 per-

The case of Democratic People’s 
Republic of Korea (DPRK)
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formed	to	determine	if	conservation	ag-
riculture	is	financially	sustainable	for	Ko-
rean	farmers.	Taking	into	account	the	fuel	
consumption	 and	 labor	 hours	 required	
per	 hectare,	 it	 was	 estimated	 that	 con-
servation	agriculture	practices	allowed	for	
a	 30-50%	 savings	 on	 the	 costs	 of	 pro-
duction	 factors	 (fao,	 2007).	 in	 addition,	
using	 conservation	 agriculture	 practices,	
labor	was	halved	and	there	was	an	aver-

age	saving	of	15.5	kg	of	fuel	per	hectare.
This	 experiment	 in	 north	 Korea	 has	
shown	 that	 conservation	agriculture	 can	
be	a	 valid	alternative,	 both	economically	
and	 ecologically	 sustainable,	 to	 conven-
tional	agriculture.	as	a	result,	farmers	are	
convinced	of	the	efficiency	of	conventional	
agriculture	in	their	region	and	fifteen	for-
eign	 companies	 have	 expressed	 interest	
in	converting	to	conservation	agriculture.	

© Corbis
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Biodynamic Agriculture

The founder of biodynamic agriculture, Rudolf Steiner, spoke of the biodynamic agricultu-
ral model for the first time in a series of conferences held in 1924. Since then, the practice 
has spread throughout the world to include over 4200 biodynamic farms, with 128,000 
hectares of land, in 43 countries (Turimek, 2009).
Biodynamic farming has the non-use of chemicals and synthetic fertilizers in common with 
organic farming, but instead uses manure as fertilizer, then calls for the rotation of crops, 
pest control carried out in a natural way, and diversification of crops and livestock.
However, biodynamic farming differs from organic farming and other agricultural models 
in the preparation of compost and plant protection products. There are eight preparations: 
500, 501, 502-507 and 508, corresponding to cattle manure, silica, yarrow flowers, cha-
momile, dandelion, valerian, oak bark and nettle. Preparations 502-507 are added to the 
compost, while the others are diluted in water and sprayed directly on the field.
Moreover, biodynamic farmers follow the lunar cycle for planting and sowing, convinced of 
the validity of the effects that the moon could have on plant growth.
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in	1993,	a	study	was	conducted	 in	new	
Zealand	to	assess	the	differences	between	
biodynamic	 and	 conventional	 farming	 in	
terms	of	soil	fertility	and	profitability.	al-
though	the	study	was	conducted	for	four	
years,	all	the	farmers	were	certified	as	bi-
odynamic	farmers	for	at	least	eight	years.	
Conventional	and	biodynamic	farms	were	
compared	 according	 to	 type	 of	 enter-
prise	(crop	production	and	livestock)	and	
soil	 type.	 85%	 of	 the	 biodynamic	 farms	
presented	 better	 soil	 structure	 in	 terms	
of	 ventilation,	 drainage	 and	 preparation	
of	 the	 seedbed,	 and	 almost	 all	 areas	 of	
biodynamic	cultivation	obtained	a	higher	
amount	of	organic	matter	in	the	soil	com-
pared	 to	 conventional	 agriculture	 farms.	
Consequently,	 the	 carbon-nitrogen	 ratio	
and	the	available	nitrogen	were	greater	in	
areas	of	biodynamic	farming,	and	this,	ac-
cording	to	researchers,	was	thanks	to	the	
alternation	 of	 nutrients	 in	 the	 soil.	 The	
areas	farmed	with	biodynamics	also	pre-
sented	 a	 higher	 amount	 of	 earthworms	
(175	per	m3	compared	to	21	–	reganold,	
1993)	and	significantly	thicker	arable	soil	
(topsoil)	of	2.2	cm.
on	 the	 other	 hand,	 whereas	 the	 cation	
exchange	 capacity	 and	 total	 nitrogen	

were	found	to	be	higher	in	the	biodynam-
ic	 farms,	 the	 available	 phosphorus	 and	
sulfur	and	the	ph	of	the	soil	were	often	
higher	 in	 companies	 with	 conventional	
agriculture.	 however,	 concentrations	 of	
other	elements	such	as	calcium,	magne-
sium	and	potassium	were	very	similar	in	
the	two	systems	(reganold,	1993).
in	 addition,	 the	 results	 of	 the	 financial	
analysis	 showed	 that	 biodynamic	 farms	
are	as	solid	as	the	conventional	ones:	a	bi-
odynamic	cattle	farm	reported	higher	prof-
its,	two	farms	(one	of	which	specializes	in	
the	production	of	milk)	made	lower	profits	
than	their	conventional	counterparts,	and	
two	others	made	similar	profits	to	those	of	
conventional	 farms	 (regarding	 vegetables	
and	citrus	fruits	–	reganold,	1993).	most	
of	 these	 cases	 presented	 either	 less	 an-
nual	variability	or	greater	financial	stability,	
which	is	an	important	factor	in	sustainabil-
ity	and	is	becoming	increasingly	important	
because	production	 costs	will	 increase	 in	
coming	 years.	 however,	 the	 biodynamic	
products	were	sold	at	a	25%	higher	price	
and	 if	 the	price	were	 to	 increase	 further,	
it	would	have	a	significant	 impact	on	 the	
financial	 sustainability	 of	 the	 biodynamic	
and	organic	farms.

The case of New Zealand

© Corbis
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Industrial Biological/Organic Agriculture

There is no official definition of industrial organic farming, but we can say that it arose 
in the United States in the late Nineties, when the USDA established national organic 
standards.
The reason the USDA found it necessary to develop organic standards was due to the entry 
of large food companies within the organic market. After all, companies like Earthbound, 
Cascadian Farm and Horizon practice a form of agriculture that is not unlike modern indus-
trial agriculture, capable of feeding the global food economy.
Economies of scale are obtained with the use of mechanization and monoculture, an as-
pect not contemplated by the organic principles, and consequently the biodiversity is often 
reduced in these large organic farms. However, among the environmental benefits of this 
production model is a ban on use of fertilizers and pesticides, which means greater protec-
tion of land, water courses and ultimately the consumers themselves.
Nevertheless, the sustainability of industrial organic farming has some ethically and so-
cially negative aspects. For example, unlike organic farming, the industrial model is less 
tied to regionalism and practices adapted to local conditions; instead its products are 
shipped throughout the world (which allows Brazilian consumers to eat organic lobster 
from Maine), while the original organic movement promotes the purchase of local products 
and the strengthening of relations between communities and farmers.
For large food businesses, less stringent national organic standards provide an opportunity 
to benefit from economies of scale and to take advantage of the transition to organic pro-
duction. However, the entry of large companies in a growing organic market has negative 
implications for small farmers because they find that they have less control over the prices 
and are often exploited by large companies that are able to produce more with less.
Industrial organic and biological models indeed seem to actually be two distinct models: 
the first is aimed at a high profit and the second has important social and ethical objectives.
It would be more appropriate, therefore, to give the large organic farms, which are limited 
to meeting national standards, a name that is different from the one given to small organic 
farms, that aim to ensure food sovereignty and rural employment. 
At the beginning of the movement in the early Sixties, thousands of small organic farms 
were purchased by large food companies. This was the case of the Cascadian farms which, 
once at the forefront of the “back to earth” organic movement, are now owned by General 
Mills; Dagoba is now owned by Hershey’s and Horizon and Alta Dena are owned by Dean.
The advantage of the management buy-in of organic farming is the price reduction of many 
organic products, which currently represents precisely the main reason for their limited 
purchase by customers.
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drew	 and	 mayra	 goodman	 founded	
earthbound	 farms	 with	 two	 and	 a	 half	
acres	 of	 raspberries	 and	 vegetables	 in	
Carmel,	California.	 in	1986,	they	started	
the	retail	sale	of	ready-made	salads	and	
now	have	become	the	major	producers	of	
organic	products	and	 the	most	 success-
ful	 in	 the	 world,	 billing	 up	 to	 450	 mil-
lion	dollars	in	2006	(shapin,	2006).	They	
need	six	companies	to	meet	the	demands	
of	 large	 retailers	 like	 Costco	 and	whole	
foods	 and	 have	 large	 farms	 in	 six	 dif-
ferent	areas	of	California,	two	in	arizona,	
one	 in	Colorado,	and	 in	 three	regions	of	
mexico	(shapin,	2006).
earthbound	 farms	 has	 a	 huge	 influence	
on	the	organic	market,	seeing	as	they	pro-
duce	more	than	70%	of	the	organic	lettuce	
sold	in	the	united	states.
in	 2011,	 at	 earthbound	 farms,	 36,000	
acres	were	cultivated	(about	15	thousand	
hectares)	on	 its	 large	 farms,	 the	 largest	
of	which	is	680	acres	(275	hectares).	
on	 their	 website,	 the	 founders	 say	 that	
they	 avoid	 the	 use	 of	 “333,000	 pounds	

(about	 150	 thousand	 kg)	 of	 toxic	 and	
persistent	 pesticides	 and	 more	 than	
11,200,000	pounds	(about	5000	tons)	of	
chemical	fertilizers.”	moreover,	they	claim	
to	“save	about	1.8	million	gallons	(about	
7000	liters)	of	oil	by	avoiding	the	use	of	
pesticides	and	 fertilizers	made	 from	pe-
troleum,	 and	 to	 fight	 global	warming	by	
avoiding	the	release	of	carbon	dioxide,	a	
major	 greenhouse	 gas,	 into	 the	 atmos-
phere,	 equivalent	 to	 that	 produced	 by	
about	7800	cars.”	These	numbers	seem	
to	be	considerable,	but	to	accurately	cal-
culate	 the	 emissions	 of	 carbon	 dioxide,	
the	 gases	 emitted	 by	 the	 trucks	 for	 the	
transport	of	compost	and	the	mechanized	
harvest	of	thirty-six	thousand	acres	need	
to	be	added	to	 the	equation.	The	trans-
port	chain	of	earthbound	products	on	the	
market	is	very	similar	to	that	of	a	tradi-
tional	farm,	and	it	is	precisely	for	this	rea-
son	that	emissions	produced	going	from	
mexico	 to	 California	 to	new	york	 and	 in	
any	other	state	along	the	way	should	be	
taken	into	consideration.

The case of Earthbound Farms in Carmel
(California, USA)the inDustriAL orgAniC 
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Organic Agriculture

Organic agriculture has been defined by the IFOAM (International Foundation of Or-
ganic Agriculture Movements) as “a system of production that sustains the health of soils, 
ecosystems and people.” It is based on ecological processes, on the preservation of biodi-
versity and adaptation to the production cycles of local conditions, rather than the use of 
expensive inputs.
Organic agriculture combines tradition, innovation and science for the benefit of the 
environment and promotes fair relationships, as well as a good quality of life, for all in-
volved (IAASTD, 2009). 
There are many definitions of organic farming, and more are being made in every new 
country.2 We can summarize and say that what are considered to be organic farming prac-
tices (even though adopted also in agricultural models that do not qualify as “organic”) 
include: the use of cover crops, crop rotation, green manure, composting and the use of 
catch crops.
From 2007 to 2010, the amount of certified organic farmland increased by 3 million hec-
tares, equal to 9%. In 2010, the global market for certified organic products reached $55 
billion, making it the fastest growing sector in the food business economy.
The massive increase in the popularity of organic products is mainly due to the percep-
tion of nutritional and health benefits (mostly environmental) that these bring.
The premium prices of organic products have led to the increase in the income of organic 
farmers, also benefiting the small landowners in developing countries.
In 2010, 37.2 million hectares of land were farmed organically, equal to an increase of 
6.2% over the previous year. The countries with the largest number of organic producers 
are India (340,000), Uganda (180,000) and Mexico (130,000). In India, the main reason 
farmers choose to switch to organic production is linked to health benefits for the farmer 
and also for the consumer.
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The	“Tigray	project”	in	ethiopia	is	one	of	
the	 projects	 that	 demonstrates	 how	 the	
adoption	of	organic	agriculture	can	sub-
stantially	increase	yields	and,	at	the	same	
time,	result	in	increased	access	to	food	by	
the	 population	 groups	 considered	 to	 be	
the	most	vulnerable	according	to	the	in-
dices	of	poverty	(edwards,	2007).
Tigray	 is	 located	 in	 the	 highlands	 of	
northern	ethiopia,	where	the	diversity	of	
crops	 is	 traditionally	 very	 high.	The	 “Ti-
gray	 project”	 was	 created	 in	 1996	 with	
an	experiment	conducted	by	farmers	and	
experts	who	want	 to	 find	 out	 if	 a	 com-
munity-based	ecological	approach	for	the	
restoration	of	soil	and	the	improvement	of	
production	 through	 ecological	 principles	
would	be	able	to	reduce	soil	degradation	
and	improve	the	living	conditions	of	poor	
small	 farmers	 (edwards,	 2010).	 for	 the	
“Tigray	project,”	the	institute	for	sustain-
able	 development,	 in	 collaboration	 with	
the	ministry	of	agriculture	and	rural	de-
velopment	 and	 the	 environmental	 pro-
tection	authority	(epa)	of	ethiopia	adopt-
ed	 the	 principle	 of	 extension	 services	
(technique	based	on	direct	and	constant	
technical	 assistance	 to	 farmers,	 keep-
ing	 the	 world	 of	 research	 in	 touch	 with	
that	 of	 the	 field	 technicians	 –	 edwards,	
2010).	 Thanks	 to	 the	 success	 achieved	
and	 recognition	by	 the	government	 that	
this	type	of	approach	could	be	the	“main	
strategy	against	land	degradation	and	for	
the	eradication	of	poverty	in	ethiopia,”	the	
project	has	been	extended	to	other	ethio-
pian	 regions	 (edwards,	 2010).	 a	 2010	
fao	 publication	 of	 the	 “Tigray	 project”	
listed	its	main	activities:	training	courses	
and	 follow-up	 for	 the	 preparation	 and	
use	 of	 compost,	 including	 the	 monitor-
ing	of	the	impact	on	production,	starting	
up	the	activity	of	soil	and	water	conser-

vation,	 the	 reduction	of	 grazing	 and	 the	
feeding	of	animals	with	 fresh	herbs	and	
woody	plants,	the	creation	of	community	
ponds,	 small	 dams	 and	 river	 diversions,	
in	 order	 to	 collect	 and	 store	 water	 for	
use	 in	 the	dry	season,	 the	promotion	of	
water	harvesting,	beekeeping	and	use	of	
bio-pesticides	based	on	local	knowledge;	
support	for	families	with	female	heads	of	
the	 household	 and	 composed	 of	 elderly	
people	(the	poorest	of	the	poor),	through	
the	provision	of	seeds,	spices	and	training	
courses	 for	 the	 cultivation	 of	 fruit	 trees	
and	plants	used	as	fodder	to	be	sold	lo-
cally;	 training	 courses	 for	 unemployed	
women	who	have	completed	compulsory	
education,	 enabling	 them	 to	 acquire	 the	
necessary	skills	to	enter	the	work	world;	
the	sharing	of	experiences	through	cross	
visits	and	promoting	the	use	of	new	and	
simple	 technologies	 and	 tools	 that	 are	
easy	to	find	and	use	(such	as	foot	pumps).
from	2001	until	 2006,	5	 and	10	 years	
after	 the	beginning	of	 the	project,	yields	
were	analyzed.	overall,	 the	use	of	 com-
post	had	doubled	 the	yields	of	all	 crops:	
beans,	barley,	wheat,	teff,	hanfets	(a	mix-
ture	of	barley	and	durum	wheat)	and	mil-
let	 (edwards,	2007).	 furthermore,	 there	
was	also	a	general	 increase	of	 biomass,	
although	to	an	extent	not	comparable	to	
the	increase	of	yield.
according	to	the	authors,	one	of	the	rea-
sons	 for	 the	 increase	 in	yield	 is	 that	 the	
farmers	 were	 encouraged	 to	 use	 their	
own	seed	varieties,	which	were	therefore	
adapted	 to	 local	 conditions.	 in	 addition,	
farmers	observed	that	the	use	of	compost	
was	more	accessible,	thanks	to	reductions	
in	 cost	 and	 the	 possibility	 of	 not	 having	
to	resort	to	buying	on	credit	(fao,	2007).	
in	 2010,	 the	 “Tigray	 project”	 involved	
20,000	farming	families	in	ethiopia.

The case of Tigray (Ethiopia)

Anthony Stweart/National Geographic Stock
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Policy. In this regard, sustainable agricultural systems are those production mod-
els that are able to produce foods that are adequate in quality and quantity,ensure 

a fair economic remuneration for the farmers and help safeguard the agricultural soil 
and natural resources. In other words, sustainability means “seeking a long-term main-
tenance of the agricultural production and soil fertility, while reducing environmental 
risks related to those very same agronomic practices.”
But just how much impact does agricultural activity have on the entire life cycle of an 
agro-food product? To answer this question, the case of durum wheat semolina pasta 
was examined; its impacts have been analyzed through the Life Cycle Assessment (LCA), 
an objective method of evaluation and quantification of the environmental and energy 
loads and the potential impacts associated with a product/process/activity along the en-
tire life cycle, from the acquisition of raw materials to end of life (“cradle to grave”).
This analysis showed that the cultivation phase of wheat, with its agronomic practices, 
together with cooking, is one of the most important phases in terms of environmental 
impact (Figure 3.1.).
Using greenhouse gas emissions as an example, we can see that the major impacts as-
sociated with farming activities are due to the use of nitrogen fertilizers and mechanical 
operations, in particular for working the land.
These results, combined with a need to analyze and evaluate Italian agricultural sys-
tems where durum wheat is grown, led Barilla to launch a multidisciplinary study that 
simultaneously considers the economic, production, agronomic, environmental and 
food safety values.
The ultimate goal was to identify “sustainable” agricultural systems, validate the vari-
ous areas of national production and to raise both the quality and quantity of raw ma-
terial. Once validated, these systems should be introduced in the discipline of durum 
wheat cultivation.
From a methodological point of view, four main areas have been identified: the plains 
of the Lombardy-Veneto regions, Emilia-Romagna, Central Italy (Tuscany, Marche and 
Umbria) and Southern Italy and islands (Puglia, Basilicata and Sicily); the standard 
crop rotations identified are sufficiently representative of the rotations in which durum 
wheat is grown in Italy (Figure 3.2.).

sustAinABiLitY of Cropping 
sYsteMs with DuruM wheAt 
in itALY: the CAse of BAriLLA

3.
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figure	3.1.	results of an LCA analysis of durum wheat for pasta

source:	Environmental product declaration of Durum wheat semolina dried pasta produced in Italy,	in	a	cardboard	box;
s-p-00217;	10/03/2011.	data	regarding	the	average	Barilla	production	worldwide,	www.environdec.com.

Co2	emissions	–	equivalent	(g	Co2/500g	of	pasta)

*Carbon	sequestration	means	the	amount	of	Co2	that	was	absorbed	by	the	wheat	during	its	growth.	The	value	
is	normally	shown	separately	from	the	others	and	not	added,	in	that	from	the	scientific	point	of	view,	there	is	no	
agreement	on	how	the	reporting	of	this	data	should	be	done.
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The agronomic and economic studies were supported by the environmental assessments 
conducted by using the LCA methodology and synthesized through the use of the fol-
lowing indicators: the Water Footprint, the Ecological Footprint and the Carbon Foot-
print, as shown in the following table:

source:	Sustainability of Cropping Systems with durum wheat,	in	“grano	duro	news,”	2011.

source:	Sustainability of Cropping Systems with durum wheat,	in	“grano	duro	news,”	2011.

figure	3.2. rotations taken into account in the 4 main areas

SYSTEM
Grain 
Yield
(t/ha)

Carbon 
Footprint
(t Co2/t)

Water
Footprint
(m3/ha)

Ecological
Footprint
(gha/t)

Gross
Revenue

(¤/t)

Nitrogen
use

efficiency
(kg/kg)

DoN
Risk
(0-9)

Cereal*	 3,3	 0,67	 745	 0,73	 24,1	 28,4	 3,9

forage	 4,3	 0,30	 478	 0,47	 99,4	 66,7	 0,0

industrial	 5,3	 0,43	 502	 0,49	 138,8	 45,3	 0,0

protein	 5,3	 0,34	 479	 0,47	 139,2	 58,5	 0,0

Cereal*	 7,3	 0,51	 328	 0,40	 140,7	 32,5	 7,9

industrial	 7,5	 0,41	 315	 0,38	 156,7	 42,2	 2,3

industrial horticulture	 7,5	 0,36	 315	 0,38	 151,1	 47,1	 1,7

industrial*	 7,5	 0,42	 294	 0,36	 166,9	 44,0	 1,7

Corn-growing	 7,0	 0,51	 315	 0,38	 155,2	 33,8	 7,9

Cereal*	 2,5	 0,74	 1429	 1,11	 23,3	 32,4	 1,1

forage	 5,0	 0,45	 694	 0,54	 132,8	 44,3	 0,0

industrial horticulture	 4,2	 0,53	 874	 0,68	 111,8	 38,7	 0,0

protein	 5,0	 0,45	 694	 0,54	 132,8	 44,3	 0,0

CENTRAL
ITALY

EMILIA-
RoMAGNA

LoMBARDY
vENETo
REGIoNS

SoUThERN 
ITALY AND 
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	 Wheat production:	 for	each	system	ana-
lyzed,	 the	 production	 of	 different	 crops	
have	 been	 analyzed,	 including	 durum	
wheat.	in	particular,	for	the	latter,	the	data	
was	reported	in	tons	of	grain	per	hectare	
to	 13%	 humidity.	The	 yields	 reported	 in	
the	paper	refer	to	medium-high	produc-
tions	for	every	turnover	and	consider	the	
use	of	good	agricultural	practices	 (gap)	
for	the	various	production	processes.

	 Carbon Footprint:	 represents	 the	 to-
tal	amount	of	ghg	 (greenhouse	gases),	
which	are	those	substances	in	the	atmos-
phere,	 both	 natural	 and	 anthropogenic,	
that	are	transparent	to	incoming	solar	ra-
diation	on	earth,	but	which	can	substan-
tially	retain	the	infrared	radiation	emitted	
by	 the	 surface	 of	 the	 earth	 by	 the	 at-
mosphere	and	clouds.	greenhouse	gases	
are	expressed	as	mass	of	Co2	equivalent,	
treating	all	gas	emitted	in	terms	of	global	
warming	effects	of	the	Co2,	according	to	
the	conversion	tables	defined	by	the	ipCC	
(international	panel	 on	Climate	Change).	
in	the	case	of	this	study,	the	Carbon	foot-
print	is	expressed	in	tons	of	Co2	equiva-
lent	per	ton	of	durum	wheat	produced.

	 Water Footprint:	represents	the	consump-
tion	of	water	related	to	the	production	of	
goods	 and	 services.	 about	 85%	 of	 the	
human	water	footprint	 is	related	to	ag-
ricultural	(and	animal)	production,	10%	to	
industrial	production	and	5%	to	domestic	
consumption.	in	the	case	of	this	study,	the	
indicator	measures	 the	water	 consump-
tion	of	the	cultivation	of	durum	wheat	in	
terms	of	the	volume	of	water	consumed	
during	 the	 various	 production	 processes	
and	 following	 the	natural	evaporation	of	
the	 crops.	 irrigation	 was	 not	 considered	
because	it	is	a	practice	that	is	not	usual	in	
these	distribution	areas.	The	water	foot-
print	is	expressed	in	cubic	meters	of	water	
per	ton	of	wheat	produced.

	 Ecological Footprint:	measures	the	area	of	
biologically	productive	land	and	sea	need-

ed	to	regenerate	the	resources	consumed	
by	 a	 human	 population	 and	 absorb	 the	
corresponding	waste.	using	 the	ecologi-
cal	footprint,	it	is	possible	to	estimate	how	
many	“planet	earths”	would	be	needed	to	
support	humanity	 if	 everybody	 lived	ac-
cording	to	a	certain	lifestyle.	The	present	
study	 used	 the	 measurement	 in	 “global	
hectares”	per	ton	of	wheat	produced.

	 Gross Income (GI):	represents	the	differ-
ence	between	the	gmp	(gross	market-
able	 production,	 updated	 according	 to	
prices	 in	march,	2011)	and	the	Cost	of	
production	of	the	crops.	The	gmp	does	
not	 take	 into	 account	 the	 costs	 of	 the	
direct	support	and/or	 indirect	effects	of	
the	Cap,	whereas	the	Cost	of	production	
takes	 into	account	only	 the	direct	costs	
of	cultivation	(cultivation	operations	and	
technical	means)	and	not	those	that	are	
indirect	 (land	 use,	 financial	 interests,	
taxes	 and	 fines,	 etc.).	 in	 the	 present	
study,	 gross	 income	 was	 measured	 in	
euros	per	ton	of	wheat	produced.

	 Nitrogen use efficiency (NUtE):	 repre-
sents	the	amount	of	grain	produced	per	
unit	of	nitrogen	distributed	on	the	crop	
of	durum	wheat.

	 DON Risk:	expresses	the	risk	of	contami-
nation	of	grain	by	deoxynivalenol	(don),	
a	dangerous	mycotoxin	that	is	developed	
by	a	group	of	pathogenic	fungi	(fusarium	
spp.)	that	attack	the	ear	of	durum	wheat.	
The	mycotoxin	risk	 index	combines	 the	
meteorological	 factors	 conducive	 to	 the	
production	 of	 mycotoxins	 by	 fusarium	
graminearum	and	f.	culmorum	with	the	
predisposing	 factors,	 and	 the	 specifics	
of	 the	productive	unit,	 such	as	 varietal	
susceptibility,	 crop	 precession,	 and	 the	
processing	 of	 soil.	 The	 mycotoxin	 risk	
index	 ranges	 from	 0	 (recorded	 when	
there	are	no	conditions	for	the	produc-
tion	of	mycotoxins)	to	9	(recorded	when	
the	conditions	are	very	favorable	for	the	
production	of	mycotoxins).

The selected indicators

LoMBArDY-Veneto regions

eMiLiA-roMAgnA

CentrAL itALY

southern itALY AnD siCiLY

Corn* Corn	 durum	wheat	 Corn	 Corn	

inDustriAL soy	 durum	wheat	 rapeseed	 Corn

CereAL* Corn	 durum	wheat	 sorghum	 wheat	

inDustriAL soy	 durum	wheat	 Corn	 wheat

hortiCuLture Tomato	 durum	wheat	 Corn	 wheat

CereAL* durum	wheat	 durum	wheat	 sorghum	 durum	wheat	

proteins peas	 durum	wheat	 peas	 durum	wheat

foDDer alfalfa	 alfalfa	 alfalfa	 durum	wheat

inDustriAL sunflower	 durum	wheat	 rapeseed	 durum	wheat

CereAL MonoCuLture* durum	wheat	 durum	wheat	 durum	wheat	 durum	wheat	

foDDer forage	 durum	wheat	 forage	 durum	wheat

proteiC Chick	peas	 durum	wheat	 Chick	peas	 durum	wheat

inDustriAL Tomato	 durum	wheat	 durum	wheat	 durum	wheat

*standard	crop	rotation	normally	adopted	in	each	area.

*standard	crop	rotation	normally	adopted	in	each	area.
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*standard	rotation	of	crops	normally	adopted	in	each	area.
**The	difference	between	the	average	values	measured	for	crop	rotations	and	the	values	recorded	in	the	cereal	systems.

Results of the study

Figure 3.3. (A, B, C and D) reveals graphical results of the study of the effects of cultiva-
tion systems on the Carbon Footprint, Gross Revenue, Efficiency of utilization of nitro-
gen and DON risk.
With regard to the Carbon Footprint (Figure 3.3. A), within each macro area we can 
observe an interesting variation in cereal systems: in principle the cultivation technique 
of durum wheat has the most impact in terms of greenhouse gas emissions. This is partly 
explained by the fact that in such systems, in order to grow durum wheat, cultivation re-

figure	3.3. effects of cropping systems on the Carbon footprint (A), gross revenue (B), 
efficiency of the utilization of nitrogen( C) and Don risk of durum wheat (D)
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*standard	rotation	of	crops	normally	adopted	in	each	area.

*standard	rotation	of	crops	normally	adopted	in	each	area.

**The	difference	between	the	average	values	measured	for	crop	rotations	and	the	values	recorded	in	the	cereal	systems.

**The	difference	between	the	average	values	measured	for	crop	rotations	and	the	values	recorded	in	the	cereal	systems.

source:	Sustainability of Cropping Systems with durum wheat,	in	“grano	duro	news,”	2011.
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quires very expensive operations, such as plowing, in order to reduce the risk of mycotox-
ins or significantly increase the intake of artificial nitrogen, since cereal crops in rotation 
(common and durum wheat, corn and grain sorghum) remove large quantities of the ele-
ment and leave crop residues that are not easily degradable by the microflora in the soil. 
On the other hand, especially where there are forage or protein crops in the rotation, the 
“environmental cost” decreases significantly. In these cases the residual nitrogen in the 
crop rotation makes a reduction of inputs of artificial nutrition possible, and it is possible 
to use conservative tillage techniques: minimum tillage or direct seeding.
The economic analysis of the cost of durum wheat also reflects the considerations men-
tioned above (Figure 3.3. B). The cereal systems, especially those of Central and Southern 
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Conclusions

The study conducted showed the possibility of assessing the “sustainability” of a crop or a 
cropping system using multi-disciplinary analysis, combining different environmental, ag-
ronomic, economic and food security indicators. This type of holistic view of the cropping 
system opens important perspectives of strategy and possible scenarios in order to achieve 
the objectives of a modern agriculture.
It is evident that the characteristics of a species, in this case durum wheat, are strongly linked to 
the context (system or model) in which it is grown. Not only do all of the parameters of “sustain-
ability” change substantially, but so do the final quality and quantity of the material produced. 
But the most interesting thing is to discover that the application of  traditional farming practices, 
and a proper crop rotation in particular, ensure environmentally sustainable production.
The next step is the “actual measurement in the field” of the most favorable cropping sys-
tems, which will be compared to traditional ones. 
The next step is to directly involve farmers and industry experts, so that the concepts of 
sustainability and productivity come to be part of corporate strategies as two absolutely 
reconcilable aspects of agricultural production. In order to achieve this goal, beginning 
with the next sowing, pilot crops will be implemented in more favorable rotation contexts 
which are also more economically sustainable than the ones today, in a network of farms 
distributed throughout Italy (Figure 3.4.).
To better explain this to farmers, Barilla developed “Ten Commandments” for the sustain-
able cultivation of quality durum wheat. 

Italy, are at the limit of affordability, considering that the prices of wheat applied are 
those of the Commodity Exchange recorded in Bologna at the time this paper was writ-
ten (280 €/t).
The efficiency of nitrogen use in wheat was found to be higher in rotations in Central 
Italy, particularly at the end of the cycle of alfalfa, a crop that leaves large amounts of 
available nitrogen in the ground (Figure 3.3. C).
The DON Risk (Figure 3.3. D) was calculated by using the mathematical models from the 
Catholic University of Piacenza, which attribute half of the risks to climatic variables and 
the remaining half to agronomic factors (precession, type of tillage, variety, etc.). As is 
known, the risk of mycotoxin is greater in the areas of the North and in particular, in the 
farming systems of corn in the plains of Lombardy and Veneto, and of cereal in Emilia-
Romagna. However, the risk remains, albeit at very low levels, even in the macro areas of 
Central and Southern Italy, where cereals are the predominant crop.

figure	3.4. project Durum wheat and sustainable Agricultural systems. provision of 
platforms for validation of the “pilot” companies

© Corbis

pArMA

ferrArA

AnConA
pisA

MACerAtA

foggiA

source:	Sustainability of Cropping Systems with durum wheat,	in	“grano	duro	news,”	2011.
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The	 results	 of	 the	 study	 conducted	
by	 the	 Barilla	 on	 italian	 durum	 wheat	
show	 that	 the	 correct	 application	 of	
knowledge	 and	 agricultural	 practices	
not	only	helps	in	improving	crop	yields	
and	 the	 quality	 of	 products,	 thus	 al-
lowing	 to	 increase	 the	 income	 gener-
ated	by	crops,	but	also	helps	reduce	the	
environmental	impacts	(up	to	40%	less	
greenhouse	 gas	 emissions)	 due	 to	 an	
increased	 efficiency	 of	 fertilization.	 in	
light	of	the	results	of	this	study,	Barilla	
developed	 “Ten	 Commandments”	 for	
the	cultivation	of	durum	wheat:	a	list	of	
guiding	principles	 for	 farmers	who	are	
facing	 the	 complex	 challenges	 of	 sus-
tainable	agriculture.
in	this	paper,	enriched	by	the	practical	re-
sults	of	numerous	experiments,	 consider-
able	importance	is	given	to	the	adoption	of	
favorable	crop	rotations,	to	the	efficient	use	
of	resources	and	the	proper	use	of	techni-
cal	means.	it	is	also	shown	how	to	correct	
agronomic	practices,	as	well	as	how	to	con-
tribute	 to	 the	 reduction	 of	 environmental	
impacts,	thus	enabling	optimum	production	
both	qualitatively	and	quantitatively.
1.	Alternate crops:	 plant	 durum	 wheat	

in	 a	 favorable	 crop	 rotation.	 mono-
culture	 and	 rotations	 exclusively	 of	
cereal	crops	are,	in	fact,	the	cause	of	
high	 environmental	 impacts	 and	 low	
profitability.

2.	Work the soil with respect for it:	
choose	the	tillage	in	a	flexible	manner,	
using	tools	and	depth	of	working	that	
are	adapted	to	the	specific	conditions,	
climate	and	cropping	system	in	which	
durum	wheat	is	inserted,	according	to	
the	following	guidelines.

3.	 Use the best variety:	choose	the	variety	
to	be	sown	in	relation	to	the	cultivation	

area	and	expectations	in	terms	of	pro-
ductivity	and	technological	quality.

4.	Use only certified and tanned seeds:	
only	 certified	 seed	 ensures	 varietal	
identity	(production	capacity,	techno-
logical	 quality	 and	 resistance	 to	 ad-
versity)	and	seed	quality	(purity,	ger-
mination).

5.	Sow at the right time:	each	variety	has	
an	 ideal	 time	 of	 planting,	 which	 can	
vary	according	to	the	cultivation	area	
and	weather	conditions.

6.	Use the right amount of seeds:	choose	
the	density	of	sowing	in	relation	to	the	
variety,	 the	area,	 the	 time	of	 sowing	
and	soil	conditions,	since	planting	too	
thickly	prevents	the	crop	from	making	
the	 best	 use	 of	 resources,	 promotes	
the	 development	 of	 diseases	 and	
causes	enticements.	

7.	Restrain weeds in a timely manner:	
the	treatment	must	be	timely	and	ap-
propriate	to	the	type	of	weeds	present	
and	the	environmental	conditions	and	
cropping	practices.

8.	Dosage of nitrogen according to the 
needs of the plant:	the	use	of	nitrogen	
fertilizer	should	be	adequate,	both	in	
terms	of	quantities	 supplied	and	 the	
periods	in	which	they	are	used.

9.	Protect the plant from disease:	 carry	
out	the	treatments	of	defense	in	rela-
tion	to	conditions	of	risk	and	adopt	a	
comprehensive	strategy	that	 involves	
all	aspects	of	cultivation.

10.Extend sustainability to the farming 
system:	place	the	cultivation	of	the	du-
rum	wheat	in	the	cropping	system	(ro-
tation)	without	limiting	it	to	the	context	
of	 individual	 crops,	 but,	 rather,	 apply	
sustainability	measures	 to	 the	overall	
management	of	the	farm.	©	Barilla

Barilla’s Ten Commandments for the sustainable 
cultivation of quality durum wheat
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decomposition	of	crop	residues	along	with	
various	 production	 inputs	 were	 used	 for	
the	estimation	of	the	carbon	footprint.	on	
average,	 the	 emissions	 from	 the	decom-
position	of	crop	straw	and	roots	accounted	
for	25%	of	the	total	emissions,	those	from	
the	 production,	 transportation,	 storage	
and	delivery	of	fertilizers	and	pesticides	to	
farm	gates	and	their	application	43%,	and	
emissions	from	farming	operations	32%.

improving	 cropping	 systems	 may	 help	
mitigate	 greenhouse	 gas	 emissions.	 This	
study	determined	 the	 carbon	 footprint	of	
durum	wheat	 (Triticum turgidum L.)	 pro-
duced	in	diverse	cropping	systems.
durum	 was	 grown	 in	 rotation	 systems	
which	 had	 different	 combinations	 of	 oil-
seed,	pulse	(legumes)	and	cereal	crops	at	
five	 site-years	 in	 saskachewan,	 Canada.		
Total	greenhouse	gas	emissions	from	the	

The results of a study on durum wheat in Canada1

5656

figure	3.5. Carbon footprint of durum wheat grown under different cropping systems 
in southwest saskachewan, Canada. Data was calculated from the averages of three 
rotation cycles conducted in fields in the period of 1996-1998 (first cycle), 1997-1999 
(second cycle) and 1998-2000 (third cycle). Bars are standard errors

source:	gan,	y.,	C.	liang,	X.	wang,	B.	mcConkey,	Lowering Carbon Footprint of Durum Wheat by Diversifying Cropping 
Systems,	in	“field	Crops	research”,	122	(3),	pp.	199-206,	elsevier,	2011.
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in an attempt to interpret the types of current agricultural models and to propose alterna-
tives for the future, the Barilla Center for Food & Nutrition has created, in collaboration 
with the Millennium Institute,1 a simulation model to study the impact of changes in 

current agricultural practices on the amount of food available worldwide.2 The results of 
this model are the basis for many of the ideas proposed so far.
The objective of the analysis is to understand how far-reaching external shocks, summa-
rized here as a very significant increase in the price of oil, can have an impact on world 
agriculture and its evolution, expressed in terms of the agricultural models adopted.
In particular, two main patterns of agriculture have been identified and defined:
- a Low External Input model (LEI), characterized by a low energy intake and an elevated 

use of labor;3

- a High External Input model (HEI), characterized by a high consumption of energy and 
inorganic fertilizers.4

The two models mainly differ as to the different characteristics of sustainability over time.
Considering a period of 80 years (1970-2050) and evaluating the impact on the amount of 
calories produced per capita annually, assumptions can be made concerning the choices of 
the most appropriate production policy.
It is important to clarify that, starting from the simulations carried out,5 the amount of food 
produced each year is enough to feed the world, even in the future taking into account a 
rate of productivity growth in line with the current demographic trends and projections 
made by the FAO and the OECD.6 A significant portion of the problems the food system 
faces – as we mentioned – depends on critical issues related to distribution, tintended use 
and food product waste. 

	 Under conditions of abundant energy supply, the simulation model includes three differ-
ent scenarios (Figure 4.1.):
- Scenario of Business As Usual (BAU): practices at a high level of external input will cover 

60% of the total area cultivated in 2050;
- Scenario of Strong HEI Growth: practices with high external input will spread at an ac-

celerated pace and will cover 90% of the total area cultivated in 2050;
- Scenario of Stopped HEI Growth: we will witness the poor dissemination of models of the 

high use of external inputs, which will retain their current share of 45% of the cultivated 
land in 2050.

	 There is also a simulation (Figure 4.2.) of a rapid increase in oil prices between 2025 and 
2030 (a context defined “Very High Energy Price”): oil prices will rise rapidly in 2030 to 
reach $200 a barrel, and then level off at around $280 per barrel in 2050. Because of the 
rapid rise in oil prices, the price of inorganic fertilizers will grow so much as to substantially 

A MoDeL of AnALYsis
AnD siMuLAtion

4.
3500

2500

3250

2250

3000

2000

2750

19
70

20
05

19
75

20
10

19
80

20
15

19
85

20
20

19
90

20
25

20
40

19
95

20
30

20
45

20
00

20
35

20
50

data stopped	hei	growth

strong	hei	growthBusiness	as	usual	(Bau)	

The	average	requirement	of	calories	for	the	energy	
needs	(kcal/person/day)	for	men	and	women	aged	
18	to	60	recommended	by	the	fao

source:	fao	data	base.

figure	4.1. Agricultural production for human nutrition
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figure	4.2. Agricultural production for human nutrition in a case of energy shock 

The	hei	is	fragile,	not	
resilient	to	energy	

shocks

data stopped	hei	growth-energy	shock

strong	hei	growth-energy	shockBau-energy	shock

The	average	requirement	of	calories	for	the	
energy	needs	(kcal/person/day)	for	men	and	
women	aged	18	to	60	recommended	by	the	fao

kcal/person/day

min.	fao

kcal/person/day

min.	fao



6262

N
ew

 m
od

el
s 

fo
r 

su
st

ai
na

bl
e 

ag
ri

cu
ltu

re

the three sCenArios 
AnALYzeD: A) BAu-energY 

shoCk, B) strong hei 
growth-energY shoCk 

AnD C) stoppeD hei 
growth-energY shoCk

the siMuLAtion 
shows the frAgiLitY 

of the gLoBAL 
AgriCuLturAL sYsteM

reduce their use; these conditions, will benefit only the high-value crops and in general only 
50% of the area cultivated globally. Therefore, the effects were estimated on the number of 
calories per capita per year for each of the three basic scenarios (BAU-Energy Shock, Strong 
HEI Growth-Energy Shock, Stopped HEI Growth-Energy Shock).
What has been made is a simulation model that tries to understand what the result of a 
global shock could be, depending on the configuration of the global agricultural system. 
The discriminant variable is the use of energy as the primary factor of production.
If we hypothesize, for example, a constant availability of energy over the observed period of 
80 years, the production scenario with a higher yield – in the scheme of sustainability– would 
be the one of Strong HEI Growth, followed by the Business As Usual (BAU ) scenario and, 
finally, by the Stopped HEI Growth scenario (Figure 4.1). In a context of simplified global 
development, in which possible reductions in the availability of all the elements that make up 
the profile of sustainability are not taken into consideration, with the certainty of not being 
subject to energy shocks, a pro-Strong HEI Growth policy would generate a total availability 
of calories well above the required amount. It is interesting to note that also the Stopped HEI 
Growth scenario seems to be able to provide, a projected total caloric intake that is more than 
adequate. This indicates that there does not seem to be an issue with the availability of total 
calories. However, it must be said that this simulation model does not take into account the 
inequalities between different geographical areas, which, in fact, constitute the real problem.
Moreover, the assumption of a constant availability of energy over time is unrealistic, because 
fossil fuels are steadily declining and renewable energy sources are not yet a viable alternative.
To conclude, it can be assumed that at some point in time, an energy shock of the global supply 
is likely to occur, which would put a strain on energy-intensive systems such as the HEI models. 
In fact, these models would become economically unsustainable and unprofitable, and serious 
problems related to the transition to more efficient models from the point of view of energy use 
would occur. The costs of the change in production would become evident in terms of the minor 
output available and of time spent in the acquisition of the know-how needed for the transition.
Figure 4.2. shows the estimated affects of an energy shock on global energy output 
between 2025 and 2035.
The simulation results show how if reductions in energy availability occur starting in 2025, an 
approach to low external input would lead to a Worse-Before-Better (WBB) result, or low pro-
ductivity in the short term with a return to higher levels of yield over the medium to long-term.
If there is no reduction in the amount of energy available, the results are strongly influ-
enced by the share of cereals for animal feed and biofuel production. In any case, a change 
in these assumptions would not change the results in terms of quality, leaving unchanged 
the ranking of the scenarios in terms of calories produced and the yield.
In the case of an energy crisis, the results greatly depend on the amount of time spent by the 
systems in shifting from the HEI agricultural model to the LEI model (in the direction of a 
Stopped HEI Growth scenario). In fact, in the short-term, the results of Strong HEI Growth-
Energy Shock and BAU-Energy Shock are less negative.
The example shown here highlights the fragile nature of the global agricultural system. This 
frailty will have to be tackled positively by promoting a balanced mix of agricultural models, 
designed to cope with the phenomena of relative scarcity. Of course, the reality is much 
more complex than what has been willfully represented in this simulation for dissemina-
tion purposes. In addition to possible energy shocks, in fact, there are many other long-term 
risk factors: water availability, adaptation to atmospheric phenomena, etc.
However, in any case, the result presented is by no means trivial because it does illustrate one 
of the issues that will be very important in the future, when the search for solutions based on 
approaches to energy consumption content and an in-depth knowledge base (according to the 
logic of balance already described) will become one of the most crucial aspects of sustainability.
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nologies	 for	 sustainability.	 These	 are	
not	 only	 technologies	 that	 could	 lead	
to	developments	in	the	seed	sector,	but	
also	 the	 more	 efficient	 use	 of	 scarce	
resources	and	the	mitigation	of	the	im-
pacts	of	climate	change	to	which	these	
techniques	could	contribute.
in	light	of	this	analysis,	and	given	the	objec-
tives	defined	in	the	overall	european	strat-
egy	2020,	the	Cap,	in	particular,	should:
-	preserve	the	food	production	poten-

tial	 on	 a	 sustainable	 basis	 through-
out	 the	 eu:	 this	 condition	 must	 be	
reached	with	a	view	 to	ensuring	 the	
long-term	food	security	for	european	
citizens	and	to	help	meet	the	growing	
global	demand	for	food	commodities;

-	support	 farming	 communities	 that	
provide	 european	 citizens	 with	 a	
wide	variety	of	 fine	and	quality	 food	
produced	in	a	sustainable	way,	in	ac-
cordance	with	the	objectives	that	the	
eu	 has	 adopted	 in	 matters	 of	 envi-
ronment,	water,	health	and	welfare	of	
animals	and	plants,	and	public	health;

-	maintain	 viable	 rural	 communities,	
where	agriculture	 is	an	 important	eco-
nomic	activity	that	can	create	local	em-
ployment,	with	multiple	socio-economic,	
environmental	and	territorial	benefits.

The	 eu	 Commissioner	 for	 agriculture	
and	rural	development	–	dacian	Cioloç	
–	 summed	 up	 the	 spirit	 underlying	
the	 guidelines	 developed	 so	 far	 when	
speaking	 of	 a	 Common	 agricultural	
policy	 that	 would	 be	 “greener,	 fairer,	
more	efficient	and	more	effective.”
in	summary,	the	three	major	challeng-
es	of	the	new	Cap	identified	so	far	are:
-	1st objective:	food	security;
-	2nd objective:	 environment	 and	 cli-

mate	change;
-	3rd objective:	territorial	balance.

The	 tools	 under	 consideration	 for	 the	
practical	 implementation	 of	 the	 broad	
guidelines	 are	 numerous	 and	 complex.	
a	more	detailed	explanation	of	the	main	
technical	options	currently	at	the	focus	of	
the	debate	can	be	found	in	the	Commis-
sion	 document:	The	 Cap	 toward	 2020:	
meeting	the	food,	natural	resources	and	
territorial	challenges	of	the	future.
at	this	point	one	might	ask	what	obser-
vations	are	possible	concerning	 the	 ini-
tial	documents/debates	on	the	future	of	
the	 Cap,	 given	 the	 considerations	 that	
the	BCfn	has	produced	and	produces	on	
agricultural	issues	and	sustainability.
firstly,	as	has	been	highlighted	on	sev-
eral	 occasions	 by	 the	 BCfn,	 the	 issue	
of	food	security	will	be	particularly	rel-
evant	for	the	future.	The	Cap	proposal	
does	 an	 admirable	 job	 in	 facing	 the	
challenge	of	food	security,	which	is	ad-
dressed	through	innovation	and	greater	
diffusion	 of	 agronomic	 knowledge,	 as	
well	as	a	series	of	market	management	
tools	 which	 would	 allow	 the	 eu	 insti-
tutions	 to	 intervene	 in	 the	agricultural	
markets	in	times	of	instability.
This	would	maintain	cohesion	of	a	mul-
tidisciplinary	 approach	 including	 social,	
environmental	 and	 economic	 dimen-
sions,	 and	 research	 and	 development,	
as	 part	 of	 an	 overall	 effort	 to	 create	 a	
sustainable	 agricultural	 model	 in	 eu-
rope.	The	Commission	is	proposing	¤4.5	
billion	 (double	 the	 current	 budget)	 for	
agricultural	 research	 through	 the	 new	
“european	partnership	for	research	and	
innovation.”	This	 is	aimed	at	developing	
a	 strategy	 for	 sustainable	 increases	 in	
agricultural	 production	 and	 adaptation	
of	production	to	consumer	expectations.	
The	Cap	review	affords	the	eu	the	op-
portunity/responsibility	 to	 define	 a	 path	
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Beginning	 with	 the	 reflections	 on	 the	
method	proposed	in	the	previous	para-
graphs,	 we	 wish	 to	 offer	 our	 assess-
ment	 on	 the	 future	 direction	 of	 the	
Common	agricultural	policy	(Cap).
in	november	2010,	the	european	un-
ion	defined	its	strategic	guidelines	and	
directions	of	the	policy	for	orienting	the	
future	Cap,	with	a	 time	horizon	of	 the	
next	decade.
agriculture	in	the	eu	today	is	part	of	a	
highly	 competitive	 globalized	 environ-
ment,	 due	 to	 the	 progressive	 integra-
tion	of	the	world	economy,	the	increas-
ing	 liberalization	of	trade	and	the	high	
degree	of	uncertainty	and	volatility	that	
currently	 characterizes	 world	 agricul-
tural	 markets.	 This	 poses	 significant	
challenges	 for	 european	 agriculture	 in	
2020.
in	particular,	the	eu	is	considering	us-
ing	the	Cap	reform	to	establish	a	new	
paradigm	for	european	agriculture.	The	
distinctive	 features	 of	 this	 have	 been	
summarized	 in	 the	paper	The	Cap	to-
ward	 2020:	 meeting	 the	 food,	 natural	
resources	 and	 territorial	 challenges	 of	
the	 future	 and	 in	 the	 legislative	 pro-
posals	published	on	october	12,	2011.	
agriculture	 will	 increasingly	 need	 to	
combine	 competitiveness	 and	 sustain-
able	growth.
firstly,	 the	 eu	 needs	 to	 continue	 to	
contribute	 to	 meet	 the	 increasing	
global	 demand	 for	 food.	 in	 fact,	 eu-
ropean	 agriculture	 needs	 to	 maintain	
and	 strengthen	 its	 production	 capac-
ity,	 strengthening	 the	 foundation	 of	
the	 food	 sector,	 pursuing	 criteria	 of	
economic	 efficiency	 and	 enhancing	 its	
strategic	positioning	in	the	global	con-
text.	 secondly,	 there	 are	 two	 further	
challenges	 that	are	particularly	 critical	

for	 the	 future	of	 the	 farming	 industry,	
including	 in	 europe,	 namely	 climate	
change	 and	 territorial	 balance.	 (Ter-
ritorial	 challenges	 as	 defined	 by	 the	
Commission	 concern	 both	 the	 vitality	
of	 rural	 areas	 and	 the	 diversity	 of	 eu	
agriculture.)	
with	 regard	 to	 environmental	 protec-
tion,	 a	 new	 proposal	 to	 dedicate	 30%	
of	 direct	 payments	 to	 practices	 which	
make	 the	 most	 efficient	 use	 of	 natu-
ral	resources	has	been	met	with	much	
consternation	 by	 farm	 organizations.	
it	 reflects	 the	 significance	 attached	 by	
the	eu	to	the	global	climate	change	is-
sue	and	demonstrates	a	willingness	to	
make	 unpopular	 decisions	 in	 favor	 of	
environmental	protection.
for	this	reason,	we	are	moving	toward	
renewing	 our	 commitment	 to	 reduce	
greenhouse	 gas	 emissions	 caused	 by	
agriculture,	even	though	there	has	al-
ready	been	a	20%	reduction	since	1990.
we	are	also	giving	greater	attention	to	
the	 revitalization	 and	 the	 strengthen-
ing	of	the	many	rural	areas	still	highly	
dependent	on	the	primary	sector	for	its	
fundamental	role	in	combining	efficien-
cy,	sustainability	and	food	traditions.
finally,	 among	 the	 substantial	 chal-
lenges	 facing	 european	 agriculture	 in	
the	 future,	 there	 will	 be	 the	 relative	
scarcity	 of	 natural	 resources	 (water	
and,	 especially,	 soil).	 These	 scarcities	
are	 likely	 to	 escalate,	 creating	 critical	
conditions	 in	 meeting	 the	 increasing	
demand	for	food	commodities.
in	 the	 course	 of	 the	 numerous	 inter-
views	 conducted	 by	 the	 Barilla	 Center	
for	food	&	nutrition	with	experts	of	eu	
agricultural	policy,	what	has	emerged	is	
the	 close	 observation	 of	 the	 evolution	
of	 agricultural	 techniques	 and	 tech-

The future of agriculture
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toward	 the	 sustainability	 of	 agricultural	
models.	 This	 should	 shape	 the	 choices	
being	made	in	that	field	worldwide,	pro-
viding	 a	 reference	 point	 to	 orient	 agri-
cultural	sustainability.	in	addition,	such	a	
process	 could	 lead	 to	 a	 greater	 appre-
ciation	of	the	quality	and	added	value	of	
european	 food	 production	 in	 the	 chal-
lenging	international	markets.
in	 discussing	 sustainable	 agriculture,	 we	
must	not	ignore	the	role	of	biofuel	produc-
tion	on	european	 farmland.	where	 there	
is	 “competition”	 between	 “food	 destina-
tion”	and	“energy	target”	for	the	use	of	the	
scarce	 terrain,	 this	production	could	be	a	
crucial	 aspect.	 precisely	 for	 this	 reason,	
particular	attention	should	be	given	to	the	
overall	system	of	incentives/deterrents	that	
will	be	outlined	on	the	community	level.
in	 line	with	the	Barilla	Center	for	food	
&	nutrition’s	long-held	position,	the	in-
tention	 to	 revitalize	 rural	 communities	
is	particularly	welcome,	since	it	is	a	pre-
condition	 for	 effective	 management	 of	
the	territory	and	land	use.	The	richness/
diversity	of	agricultural	systems,	typical	
of	europe,	provides	an	added	value	that	
will	be	enhanced	in	the	coming	decade.
without	going	 into	excessive	detail,	 it	 is	
possible	 to	 show	 that	 operational	 tools	
such	as	cash	transfers	to	farmers	could	
be	one	of	the	main	conduits	for	encour-
aging	the	spreading	of	good	agricultural	
practices.	 in	 addition,	 it	 may	 assist	 in	
promoting	effective	commercial	practic-
es,	thus	reducing	volatility	of	food	prices,	
one	 of	 the	 challenges	 of	 food	 security	
which	are	of	such	concern	for	the	future.	
it	is	worth	remembering	that	the	Barilla	
Center	for	food	&	nutrition	has	repeat-
edly	 stressed	 the	 importance	 of	 main-
taining	 a	 “safety	 net”	 to	 guard	 against	
extremes	of	price	volatility.

for	 that	 reason,	 the	Barilla	 Center	 for	
food	 &	 nutrition	 can	 express	 support	
for	 the	 inclusion	 of	 a	 provision	 in	 the	
Cap	 proposal	 which	 suggests	 safety	
nets	 (intervention	and	private	storage)	
for	the	agricultural	aspects	of	the	sup-
ply	chain	that	are	most	at	risk	of	crisis.
furthermore,	 transfers	 could	 help	 to	
spread	awareness	of	the	importance	of	
respecting,	 rediscovering	 and	 increas-
ing	 the	 value	 of	 local	 traditions	 and	
cultures,	economically	sustaining	those	
crops	 and	 productions	 best	 suited	 to	
different	contexts	within	the	local	com-
munity,	be	it	for	tradition,	eating	habits	
and	environmental	impact.
The	 intention	 of	 the	 european	 Com-
mission	 to	 thoroughly	 re-examine	 the	
use	 of	 production	 quotas,	 in	 line	 with	
the	continued	market	orientation	of	the	
Cap,	is	positive	and	seems	to	be	in	line	
with	 the	 reflections	made	by	 the	Bar-
illa	Center	for	food	&	nutrition	regard-
ing	 the	 fluidity	 and	 freedom	 of	 access	
of	world	 food	markets,	 even	 for	 those	
less-advantaged	agricultural	contexts.
last	but	not	least	is	the	need	for	long-
term	initiatives	and	programs,	to	avoid	
the	 trap	 of	 short-term	 action.	This	 is	
a	topic	on	which	the	Barilla	Center	for	
food	&	nutrition	has	been	very	vocal	in	
recent	years.
an	overall	long-term	plan	would	be	val-
uable.	This	needs	to	focus	on	improving	
the	 economic	 and	 environmental	 effi-
ciency	of	agricultural	initiatives,	the	de-
velopment	of	measures	to	ensure	 food	
security	 and	 quality,	 the	 development	
of	 sustainable	 agricultural	 techniques	
and	 technologies,	 and	 the	 creation	 of	
a	 viable	 process	 of	 transferring/shar-
ing	 knowledge	 and	 skills	 concerning	
food,	 starting	 with	 those	 most	 related	
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to	 territorial	 specificities.	 eu	 funds	 for	
research	and	 innovation	and	will	 focus	
on	 projects	 relevant	 to	 farmers	 with	 a	
closer	 cooperation	 between	 scientists	
and	farmers.
There	 are	 indications	 of	 a	 shift	 away	
from	 a	 “transfer”	 of	 knowledge	 from	

researchers	to	farmers,	to	the	inclusion	
of	farmers	throughout	the	process.
There	 is	no	glimpse,	however,	of	signs	
of	enlargement	of	the	agricultural	sec-
tor	and	therefore	of	the	planning	of	the	
processors	 and	 users	 that	 are	 part	 of	
that	same	sector

s
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summary of the experiment conducted by Barilla through the recovery of these “good” guid-
ing principles at the farms of some of its suppliers of raw materials. At present, the results are 
very encouraging.

Agronomic “knowledge” is not very widespread.
With the development of science, farming is increasingly characterized by the articulation 
and breadth of knowledge gained regarding the characteristics of the natural environment 
and the physiology of plant species. All this is combined with the practical experience ac-
cumulated over centuries of activity. In other words, there is a wealth of knowledge avail-
able of extraordinary value that is only partially used today. In certain surroundings, this 
seems to be due to the lack of effective processes for transferring knowledge. In others, 
this is because it is believed that the available technology, at least partially, makes in-depth 
knowledge of the natural dynamics superfluous. In summary, it could be argued that regard-
less of the model adopted (HEI, LEI, IEI), the biggest problem that global agriculture now 
faces is the need to strengthen its human capital base, bridging the gap between available 
knowledge, individual and system skills. With regard to this aspect, significant investment 
plans will be needed, because they are the prerequisite for any development in the direction 
of greater sustainability. 

Correct agricultural models for specific contexts: the objective is to reduce external inputs.
That said, there are no good or bad agricultural models a priori. There are certainly HEI 
models that we believe will prove unsustainable and LEI models that cannot be imple-
mented in all contexts; however there is a wide range of realities, namely, of IEI models 
adjacent to LEI models that can be managed appropriately, in light of the above require-
ments of sustainability.
The choice of model depends on the context. In geographical contexts in which the HEI 
systems with high economic performance are rooted (such as the U.S., Brazil and Argen-
tina), it makes no sense to propose or suggest extreme choices of rupture and discontinu-
ity. Instead, the adopted model’s limitations on sustainability should be evaluated to make 
the necessary corrections. Likewise, Europe’s way should be implemented with the IEI/
LEI models, based on effective enforcement mechanisms of the application of knowledge.
In other words: what matters is the trend line, i.e., the shift toward more sustainable IEI 
models and the equilibrium with the models within the macro-regions.
A different reasoning must be made for developing countries where there are still no active 
agricultural models that are economically and socially sustainable; one has to return to and 
adapt models that are appropriate to the specific characteristics of the local reality.

Biodiversity as an instrument for correct risk management.
A pragmatic approach, without prejudice, to the choice of agricultural models allows – 
at the level of policymaking – the maximization of the overall resilience of agricultural 
systems. Proper management of biodiversity and the coexistence of different models, all 
equally optimized concerning sustainability boosts the possibilities of response to adverse 
events and the search for specific objectives of the system, when these are alternative (e.g., 
maximum quality vs. large volumes).

Investments in technology to make agriculture more able to adapt to change.
According to the reading proposed within technology also takes on a different conno-
tation from that which is too often prevalent in these times. Today, when it comes to 
technology in agriculture, one is often referring only to productivity and yields, thinking 

Agriculture is complex and does not lend itself to easy simplification, which is why it is 
difficult to draw unequivocal conclusions from this analysis. Nevertheless, some basic 
principles can be identified. This is a collection of evidence, reflections and guide-
lines that characterize a possible approach for creating true sustainability. In particu-
lar, there are seven points of attention that we consider essential and which are stated 
briefly below:

Sustainable agriculture is characterized by a systemic conceptual and operational approach.
For a future of sustainability, we must increasingly learn, according to a multidisciplinary ap-
proach, to “hold together” the social, environmental and economic aspects, as well as those of 
research and development. Approaches aiming at pursuing partial goals can only reap some 
short-term success of one of the aspects and consequently do not help in winning the chal-
lenge of sustainability. An example of this is the intention to revitalize rural communities, 
an essential condition for effective land management and land use. The richness/diversity of 
agricultural systems is, in fact, an added value in the perspective of combining efficiency and 
agricultural sustainability.

Sustainable agriculture is based on a large number of already known agricultural practices.
The knowledge available, made up of scientific knowledge and proven practices, has crystal-
lized into some excellent and practical guiding principles of truly sustainable farming. There 
is, in fact,an ever-growing convergence around the best agricultural practices, specifically de-
clined in different situations, which should be followed. These are1: systemically use crop 
rotations (as was standard practice in the past) on the same tracts of land; cultivate a wider 
range of plant species to arrive at a correct spatial distribution of trees, shrubs, pastures and 
crops in order to improve the resilience of the system; minimize mechanical working of the 
ground, in order to maintain the soil structure and organic matter; improve and maintain a 
protective cover on the surface of the organic soil using species of reduced cycle in the times 
between crops; and use cover crops or organic crop residues, in order to protect the soil sur-
face, conserve water and nutrients, promote biological activity of the soil and contribute to 
the integrated management of pests and weeds. These techniques – associated with the use 
of crop varieties with high yield (resistant to biotic and abiotic stresses and with good nutri-
tional value), the optimized use of organic and inorganic fertilizers, integrated management 
of pests and diseases through appropriate practices2 (based on biodiversity, the selection and 
use of pesticides with low environmental impact) and, when necessary, efficient manage-
ment of water resources – allow for better performance in terms of sustainability, with the 
same macro model of reference (HEI, LEI, IEI).3 In Chapter 3 of this paper, there is a brief 

1

2

3

4

5

6

ConCLuDing refLeCtions5.
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For the issue of “waste,” and “biofuels,” the inadequate management of the problem, and 
questionable choices in the field of energy policy have resulted in strong pressure on the 
agricultural system to make up for deficiencies that it should not have to bear.

that these may be increased by improving the individual varieties. However, even more 
important is the adaptability that is expressed in the integrated and harmonious manage-
ment of a wide range of tools and logic: plant varieties resistant to stress, management of 
advanced systems of irrigation, scientific approach to fertilization, etc.

The external factors of sustainability in agriculture: food waste, losses, and biofuel.
One cannot forget that a large part of the issues that plague agriculture and the agro-
food system lie outside the choice of models and the search to optimize them. As seen 
in the opening, there are phenomena of great impact that affect the goals agriculture 
has set for itself, emphasizing beyond measure the matter of production volumes, at 
the expense of a more balanced approach. There is, above all, the issue of food waste, 
which is truly disturbing in its proportions and which is one of the challenges to sus-
tainable agricultural in the future. Along with the matter of loss/waste that world ag-
riculture produces today, there emerges a question that seems central to the choices 
regarding the allocation of resources in agriculture (both financially and physical): the 
production of biofuels.
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figure	5.1. the transition toward sustainability

trAnsition
sYsteMs

not sustAinABLe sustAinABLe

iei	productive	systems
(intermediate	external	input)

adaptation	to	the
specific	characteristics
of	the	local context

hei	productive	systems
(high	external	input)

Lei	productive	systems
(low	external	input)

replacement	of
external	inputs

with	diverse biological 
processes

reduction	in	the	use	of	
inorganic inputs	and	the	

introduction	of	conservation 
practices and soil 

enrichment

source:	elaborated	by	The	european	house-ambrosetti,	2011.	
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Model structure and Assumptions

General structure and linkage between sectors
This study is global in nature and the world will be treated as a singl e entity without 
further geographical breakdowns: the time horizon between 1970 and 2050. Therefore, 
the modeling focuses particularly on the mechanisms that regulate long-term, socio-eco-
nomic-environmental development in general, with a specific interest in the agricultural 
sector. Accordingly, the description of this sector will be more detailed than that of the 
other sectors.
The model is composed of 10 sectors, all interacting dynamically, that provide an integrated 
perspective on long-term development. Figure A.1. illustrates the general structure of the 
model and the links between the sectors. For simplicity, only the main links are represent-
ed. More details are given in the following section.

The 10 sectors have the following key features:
- Population: divided according to age (81 classes) and sex. The fertility rate is determined 

by income (production sector) and education (education sector), while the mortality rate 
is determined based on life expectancy (health sector).

- Education: measured in terms of average years of schooling and determined on the basis 
of the total expenditure on education per pupil, which in turn is defined in terms of the 
share of the global GDP.

- Health: measured in terms of life expectancy at birth, separately for men and women. Life 
expectancy is determined by income (production sector) and the overall health expendi-
ture per capita, in turn calculated as a share of the global GDP.

- Employment: represented separately for agriculture, industry and services sectors. For 
industry and services sectors, employment levels are calculated according to the level of 
physical capital (production sector) and education (education sector - higher levels of 

premise

The Barilla Center for Food & Nutrition is conducting a study on the long-term impacts 
(until 2050) of different agricultural practices (or agricultural models). The study exam-
ines different scenarios with the aim of facilitating the understanding of the key mecha-
nisms that link agriculture to the rest of the socio-economic-environmental system and 
its long-term implications. The initiative is part of a more extensive program of studies 
relating to the environment and sustainability, and this study on sustainable agriculture 
will provide a broader systemic perspective and ideas for the upcoming debate on the 
renewal of the EU’s Common Agricultural Policy. 
The Millennium Institute (MI), which supports the study of the long-term impacts 
(until 2050) of different agricultural practices (or agricultural models) conducted by 
the Barilla Center for Food & Nutrition, for this purpose, has developed and used a 
Threshold21 (T21) global model for the simulation of scenarios representative of long-
term agriculture worldwide (1970-2050), taking into account agricultural development 
based on the different degrees of diffusion of the model that is currently prevailing 
(High External Input systems, or HEI) compared to the alternative model (Low Exter-
nal Input, or LEI). Each model is characterized by the amount of resources needed to 
support it, productivity and the environmental impacts involved. The simulations take 
extreme conditions into account in terms of resource limitations in the long-term (i.e., 
energy restriction), in order to assess the adequacy of the different models under these 
conditions.
The analysis particularly focuses on the aspect of teaching: the goal is not to provide exact 
predictions or highly probable scenarios, but rather, to examine plausible extreme situa-
tions and provide information on key systemic mechanisms that play a fundamental role 
in shaping the development of agriculture in the long-term.
In summary, the study has the following purposes:
- Evaluate, through an analysis of the scenarios, the implications for the long-term sustain-
ability of the two extreme agricultural models (HEI vs. LEI).
- Highlight how agriculture falls within the broader socio-economic-environmental system. 
This report provides a synthetic view of the structure of the model and the general hy-
potheses illustrates the fundamental assumptions that characterize the different scenar-
ios, and describes and discusses the results of the different scenarios. The work is aimed 
at a wide audience, which is why this report was written in such a way as to avoid the 
technicalities of the modeling as much as possible.

hYpotheses, AssuMptions 
AnD interMeDiAte resuLts
of the BCfn-MiLLenniuM
institute siMuLAtion MoDeL

figure	a.1. overview of the model structure: sectors and interactions

source:	millennium	institute,	2011.
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The production is determined for each category of crops according to 9 main factors 
(Figure A.3.): physical capital, energy, soil quality, water, cultivated area, knowledge, 
education, health and employment. While most of these factors are determined in the 
areas described above, the availability of knowledge in the agriculture sector and of soil 
quality is calculated in specially processed, specific sub-sectors.
The combination of knowledge about farming techniques and seed varieties and fertilizers 
is considered a key component of knowledge in the agricultural sector. The accumulated 
expenditure for R&D in agriculture is used as a proxy for such a combination of knowledge. 
Private and public R&D investments, determined in terms of shares of added value genera-
ted by agriculture, are listed separately. With regard to soil quality, the density of macronu-
trients in the top layer of soil is used as a reference, specifically nitrogen, phosphorus and 
potassium. The nutrient density decreases with the growth of crops and increases with the 
use of inorganic and organic fertilizers and other organic methods.
The production of meat, dairy products and eggs is determined according to the area 
designated for permanent pastures and meadows, the quantity of feed grain produced, 

education imply greater capital intensity). For agriculture, employment is also determi-
ned by the land cultivated (land sector).

- Poverty: measured in monetary terms (percentage of population below the poverty line) 
and in terms of nutrition. With regard to nutrition, the average levels per capita of calo-
rie, protein and fat intake are determined on the basis of agricultural production (pro-
duction sector). Moreover, the percentage of the population below the minimum levels 
of energy intake in the diet is determined using a log-normal distribution approach.

- Production: includes agricultural production, industrial production and services; it is 
determined by using an extended Cobb-Douglas production function with endogenous 
determination of the total productivity of the factors (PTF). For industry and service 
sectors, the key inputs are labor (industry employment) and capital; productivity is de-
termined by the level of education (education sector) and health (health sector). For agri-
culture, the production is divided further into different activities and crops, as explained 
in more detail in the Appendix.

- Land: this sector considers 4 types of land areas: agricultural area, forest area, settlement area 
and other land (which includes all other land types not included in the previous aggregates). 
The growth of the agricultural and settlement areas is determined by population growth (po-
pulation sector) and is limited by the small proportion of forest land and other land converted 
for such purposes. According to the FAO classification, the agricultural area is divided further 
into arable land and permanent crops, as well as permanent pastures and prairies.

- Water: this sector determines the use of water for agricultural, industrial and domestic/
municipal activities. The demand of water for agricultural use is calculated based on cul-
tivated area (land area) and the type of crop (production sector). The demand of water 
for industrial use is determined by the level of industrial production (production sector). 
The demand of water for domestic/municipal use is determined by the total population 
(population sector) and per capita income (production sector).

- Energy: the energy demand is divided into 5 types: oil, gas, coal, electricity from non-
renewable sources and electricity from renewable sources. The demand for energy is 
broken down into the following sectors: agriculture, industry, services, transportation, 
residential transportation and others. The energy demand is based on the intensity of 
capital (production sector), the total population (population sector), income per capita 
(production sector), as well as on energy prices, the extent of network coverage and tech-
nical progress, defined as exogenous factors.

- Investment: the economic resources that are saved are invested in different sectors accor-
ding to their relative size and the relative profitability of each sector.

Structure of Agriculture
Given the primary purpose of the study, an analysis of scenarios in relation to alter-
native agricultural models -, the agriculture sector has been described with a parti-
cular wealth of detail. Similarly, the sector on poverty concerning nutrition and the 
distribution of food is more in-depth than other sectors. The following paragraphs 
provide a description of the specific components of the model. Agricultural produc-
tion is divided into crop production, production of food of animal origin and forestry 
production. The production of crops and foods of animal origin is subdivided further 
as shown in Figure A.2.
The 11 categories related to the production of crops cover the full range of global agricultu-
ral production, while the last remaining category – Other – represents only a very limited 
part of the production and mainly includes products that are immaterial in terms of nu-
trients (such as spices). 

Crop proDuCtion proDuCtion of fooD  
 of AniMAL origin
Cereals	for	food	(including	rice,	wheat	and	millet)		 meat
Cereals	for	fodder	(all	the	other	cereals)	 dairy	products	
fibrous	crops	 eggs
fruit	 fish	(exogenous)
oilseed	crops
legumes
roots/tubers
nuts
vegetables
sugar	crops
other

figure	a.2. suddivisions of the production of crops and foods of animal origin

figure	a.3. key resources that influence agricultural production

source:	millennium	institute	elaboration	of	fao	data,	2011.

source:	millennium	institute,	2011.
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As already noted above, the FAO identifies a wide variety of farming systems with respect 
to the relative intensity of use of external inputs.
For simplicity, the analysis quantitatively characterizes the two different agricultural mod-
els (LEI and HEI) as follows:
Hypothesis 1: the Low External Input (LEI) farming system uses about 35% more labor per 
hectare of cultivated land than the High External Input (HEI) farming system.
This hypothesis is based on the results of the following studies:
- The Soil Association (2006) calculated that organic agriculture in the United Kingdom 

provided 32% more jobs per farm than conventional farming.
- In Denmark, a conversion from conventional agriculture to organic agriculture increased 

the need for human labor by 35% (Barthelemy, 1999).
- A study carried out in Turkey on the production of raisins in 82 conventional and organic 

farms concluded that the inputs of human labor were on average higher (approximately 
10%) for the organic farms (Gündogmus et al., 2006).

- Organic systems need about 15% more labor on average (Sorby, 2002; Granatstein, 2003).
- In addition to performing tasks of weeding, cultivation and care of plants and animals 

(largely done with machinery and chemicals in conventional systems), farmers who rely on 
the organic system plant cover crops, spread manure and produce fertilizer (FAO 2007).

Hypothesis 2: farming with the Low External Input (LEI) system uses about 50% less energy 
per hectare of cultivated land than farming with the High External Input (HEI) system.

and the productivity of agriculture. The production of fish is exogenous, as it does not fall 
within the scope of this study. 
The flow of the production of food crops (thus excluding fibrous crops) and foods 
of animal origin are used to determine the average levels of nutrition, including the 
amount of calories, proteins and fats per person per day. To calculate these levels, 
the agricultural productions – net loss of crop –, other uses and losses are further 
subtracted (Figure A.4.): losses during processing, the amount used for sowing (if ap-
plicable), the amount used for animal fodder (if applicable), the amount used to pro-
duce biofuels and other non-food products and the losses incurred during shipping and  
distribution. What remains is the amount of agricultural production that is actually 
available for human consumption. Therefore, the average levels of nutrition per capita 
are determined by applying the corresponding average content of nutrients in each of 
the 10 crops and each of the four food products of animal origin.
The average levels of nutrition are also used to determine the distribution of food by applying  
a lognormal approach. This allows one to calculate the proportion of the population below 
the minimum dietary standards. In addition, it determines the proportion of food waste at 
the household level in order to calculate the overall proportion of food that is not consumed.

Agricultural models and scenarios

Characteristics of different agricultural models
The FAO (2011) provides a first, broad definition for the two types of agricultural models 
considered in this analysis, supplemented further by additional assumptions described 
herein. The FAO defines the HEI and LEI agricultural models as follows:
- High External Input (HEI) systems:

- Orientation to the commercial market;
- Use of high-yielding improved varieties;
- Mechanization with low human labor intensity;
- Almost complete reliance on external inputs of synthetic nature (fertilizers, pharma-

ceuticals, etc.).
- Low External Input (LEI) systems:

- Broader trend toward subsistence and less oriented toward the market;
- Use of traditional cultivars;
- Techniques with high content of knowledge and labor;
- Little or no use of external nutrients, no use of synthetic chemicals to control pests 

and diseases, but strong emphasis on nutrient cycles on-site.
In fact, there is a continuum of combinations of HEI and LEI practices and, therefore, it  
is not possible to classify a real case as belonging entirely to the HEI or the LEI system.

figure	a.5. overview of different Lei, iei and hei system, according to the fAo

source:	fao/oeCd,	Food Availability and Natural Resource use in a green economy context,	2011.	 	

figure	a.4. flow of agricultural food production in 2009

source:	fao	data	base.
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- According to the Soil Association (2006), the largest share of energy used in convention-
al agriculture – on average, 37% of the total – was represented by synthetic pesticides and 
mineral fertilizers, especially nitrogen and, to a lesser extent, phosphorus and potassium.

- Refsgaard and his collaborators (1998) found that the consumption of energy associated  
with the use of fertilizers represented between 25% and 68% of total energy use, depend-
ing on the type of crop and growing conditions.

- A study carried out in Turkey on the production of raisins in 82 conventional and organic 
farms concluded that the average energy inputs were lower (around 38%) on the organic 
farms (Gündogmus et al., 2006).

- Pimentel (2005) estimated that between 28% and 32% less energy is used in organic farming.
- Farming practices and the use of machinery greatly affect the use of energy on individual 

farms, but there is no evidence that organic farming requires less energy for the mechani-
cal processes. For example, several studies reported that the production of organic pota-
toes and carrots requires high energy input per unit of output due to mechanical weed 
control (Stolze et al., 2000; Williams et al., 2006; Bos et al., 2007).

- Typically, organic agriculture production uses 30 to 50% less energy than comparable 
non-organic farming (FAO, 2007). Although organic farming uses energy more efficient-
ly on average, it often requires an indirect trade-off of energy-intensive inputs with ad-
ditional hours of human labor, about a third more than conventional farming.

Hypothesis 3: the density of nitrogen in the top layer of soil in the Low External Input (LEI) 
agriculture system is about 30% less than in the High External Input (HEI) agriculture 
system and, therefore, the yields of the LEI farming are lower.
- The crop rotations with legumes in the LEI system resulted in an intake of nitrogen in 

the model, derived mainly from biological nitrogen fixation of 90 kg per hectare per year. 
This contribution was equal to only 35 to 50% of that for a crop in the HEI system and, 
therefore, the yields were correspondingly lower (Wolf, 2002).

- Comparison of productivity of LEI vs. HEI: less than about 9% for the LEI system (Stan-
hill, 1990).

- Comparison of Productivity of LEI vs. HEI: more than 80% for the LEI system in devel-
oping countries and less than about 8% for the LEI system in industrialized countries 
(Badgley et al., 2007).

- The transition from the HEI to the LEI system is not easy: it gets worse before getting better 
results (Badgley et al., 2007) and the transition period lasts five years (Pimentel, 2005).

The scenarios formulated
The scenarios have been analyzed taking into account agricultural development based on 
different degrees of diffusion of the currently prevailing model (High External Input, or 
HEI systems) compared to the alternative model (Low External Input, or LEI systems). 
Each model is characterized by the amount of resources needed to support it, the produc-
tivity, and the environmental impacts involved. The simulations have taken into account 
the extreme conditions in terms of resource limitations in the long term (i.e., limitations 
in terms of energy resources, water and land) to assess the adequacy of the different 
models under these conditions.
There is the intensive use of inorganic fertilizers as a proxy to estimate the prevalence 
of past and present HEI systems. Based on that estimate, in 1970 approximately 30% of 
the total cultivated area was managed with HEI systems, and this value reached 45% in 
2010. Based on the current trend, it is possible to formulate several scenarios, including:
- Scenario of Business As Usual (BAU): the practices with a high level of external input con-

tinue to spread as in the past, coming to cover 60% of the total cultivated area in 2050; 
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tion, there is a substantial increase in the average duration of schooling, which in 2050 will 
come to be roughly 7.25 years.

While these social developments are positive, they are, at the same time, both the result and 
the cause of rapid economic growth. With regard to the GDP per capita, real growth is esti-
mated to be 2.7% in 2030, before falling gradually back to about 1.25% in 2050 (Figure A.7.). 
This rapid increase is supported, in particular, by the growth in the industry and services sec-
tors, which appears rather slow (in terms of added value) in the agricultural sector.

figure	a.6. population and life expectancy from birth
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figure	a.7. real growth of the gDp per capita

source:	world	Bank	data	and	T21	projections.

source:	data/projections	by	un	pop	and	T21	projections.
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-  Scenario of Strong HEI Growth: the practices with a high level of external input spread at 
an accelerated pace to cover 90% of the total cultivated area in 2050;

- Scenario of Stopped HEI Growth: practices at a high level of external input do not spread 
any further and their coverage remains constant at the current level (45% of the total culti-
vated area).

These three scenarios are examined in the light of two different sets of assumptions in rela-
tion to the availability of energy, and more specifically:
- all the normal scenarios (I): oil prices rise gradually to reach $130/ barrel in 2035 (IEA 

average projection), then grow further to reach $170/barrel in 2050 (dollar figures in real 
terms of the year 2001);

- all the normal scenarios (II): inorganic fertilizer prices remain affordable for most farm-
ers, thereby not inhibiting their spreading;

- all the Energy scenarios (I): oil prices rise faster than the reference value between 2025 
and 2030, reaching $200/barrel in 2030, then increasing further to reach $280/barrel in 
2050 (dollar figures in real terms, 2001);

- all the Energy scenarios (II): due to the rapid increase in oil prices, the prices of inorganic 
fertilizers increase substantially with a consequent reduction in their use: no more than 
50% of the total cultivated area is fertilized in areas where the farms have a higher added-
value potential.

Finally, all scenarios put forward the following hypotheses regarding the use of agricultural 
production:
- A gradual increase in meat production per capita: from 40 kg/person/year in 2010 to 

about  65 kg/person/year in 2050 (BAU);
- An increase in the share of cereals (except rice, wheat and millet), oilseed crops and 

sugar crops used for biofuels and other non-food purposes:
- Cereals: from the current 6% to 10% in 2050;
- Oilseed crops: from the current 7.5% to 15% in 2050;
- Sugar crops: from the current 0.5% to 2% in 2050.

scenario results

General socio-economic and environmental developments in the BAU scenario
The following is an overview of the results of the Business As Usual scenario (BAU) in the 
1970-2050 period. For the 1970-2010 period, series of historic data on over 250 indicators 
were collected, with the aim of comparing them with the results of the model. Therefore, 
the results of a series of general indicators are discussed, which include: total population, life 
expectancy, average duration of schooling, the real rate of the GDP growth, GDP per capita, 
agricultural area, forest area, total water demand and overall energy demand. The time-line 
graphs show multiple lines that include a series of data and model projections. In the pres-
ence of multiple indicators, additional lines are highlighted with different colors (see figure 
legends). In some cases, when there are authoritative projections up to 2050, the line of his-
torical data also extends up to 2050 (from 2010 to 2050). 
However, the simulation results should not be construed as forecasts, but rather, as a projec-
tion obtained from a series of basic assumptions.
In summary, the BAU scenario indicates that by 2050 the global population will slightly 
exceed 9 billion people, a slightly higher figure than the one calculated by the UN Popula-
tion Division (Figure A.6.). This finding is consistent with the pattern of life expectancy at 
birth, which gave slightly higher projections (about 80 years for women in 2050). In addi-

bi
lli

on

ye
ar

s



86 8786 87

N
ew

 m
odels for sustainable agricultureN

ew
 m

od
el

s 
fo

r 
su

st
ai

na
bl

e 
ag

ri
cu

ltu
re

In contrast, the BAU scenario also implies a greater impact of agriculture on the natural envi-
ronment. In particular, it is expected that the demand for energy in agriculture will grow from 
the current 7 quadrillion BTU/year to about 8.5 in 2050. A similar increase in the demand for 
water is also expected (although at a more moderate speed), so that the current value of 2.8 
km3/year will grow to about 3 in 2050. The more modest increase of the water demand is due 
to the stabilization of the cultivated areas, the gradual increase in the percentage of irrigated 
areas, and the continuous improvement of water management.

Comparative Analysis of the Results of different Scenarios
The following presents the results of the alternative scenarios (BAU, Stopped HEI Growth, 
Strong HEI Growth), first assuming the absence of a future limitation of energy and then, 
assuming a substantial limit linked to the availability of energy.
We now analyze the results of a specific indicator that summarizes the issues related to 
agricultural production and the use of the product: calories per capita from foods for human 
nutrition. To simplify matters, the results of a single indicator are shown (although the model 
gives rise to several important indicators of nutrition) and, specifically, the calories of food per 
capita have been chosen because of their importance in human nutrition.
As mentioned above, assuming that there are significant restrictions related to the availability 
of energy, the BAU scenario shows a steady growth in the amount of calories produced for 
human nutrition, which in 2050 will reach 3145 kcal/person/day (Figure A.10.). This data is 
in line with the FAO projections for 2050, equal to 3130 kcal/person/day (FAO, 2011).
In the Stopped HEI Growth scenario, productivity growth is slower as compared to the 
BAU scenario, because inorganic fertilizers are used in smaller quantities. As a result, the 
increase in calories produced for human nutrition will be lower, and by 2050, will have 
reached 3015 kcal/person/day. 
Due to the higher concentration of macronutrients being artificially added to the soil, in the 
Strong HEI Growth scenario the amount of calories produced for human nutrition is growing 
faster and will have reached 3410 kcal/person/day in 2050.
In the event of a substantial decrease in energy availability starting in 2025 (all the Energy 

data dataCalories	per	Capita	(kcal/person/day) %	of	undernourished	population	(quote)

figure	a.9. production of calories per capita and percentage of malnourished population

source:	fao	data	and	T21	projections.
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The combination of the increase observed in yield and a gradual slowdown in population 
growth leads to a continuous increase in the amount of calories available on a per capita basis 
(Figure A.9.). 
The projection indicates approximately 3145 kcal/person/day of foods for human nutrition by 
2050. So sudden an increase of calories available per capita leads to a smaller percentage of 
the malrnourished population, which, by 2050 will have dropped to around 3.5%. Translated 
into absolute figures, by 2050 the number of individuals who suffer from hunger will have 
decreased to 345 million. This BAU projection depicts a rapidly changing agricultural sector, 
which changes to meet the needs of the growing world population and will eventually be able 
to generate almost enough output to overcome hunger in the world.

In terms of land use, the BAU scenario foresees a stabilization in the use of land for agricultural 
purposes, which in turn implies a consolidation of the reserves of forest areas. However, stabili-
zation in the dynamics of the land does not slow the growth of the agricultural sector, as shown 
later. It is expected that, in the long-term, the demand for water and energy will increase sub-
stantially, reaching 6,300 km3/year and 750 quadrillion BTU/year, respectively, in 2050.

BAU Results for the Indicators Related to Agriculture
Here we discuss the results for specific indicators of agriculture, including: the yield of cere-
als, calories per person per day, the percentage of the population that is undernourished, 
water demand for agriculture, and energy demand for agriculture.
According to projections, the yield of cereals for food and those for fodder will have simi-
lar rowth rates, driven by increasing mechanization, higher human capital, more in-depth 
knowledge in the sector and a higher concentration of nutrients in the surface layer of the 
soil. More specifically, it is expected that in 2050 the yield of cereals for food will rise to 5.6 
tons/ha (from the current 3.3), while that for the fodder sector will reach 6.2 tons/ha (from 
the current 3.7) (Figure A.8.).

data datafood	sector	(ton/ha/year) fodder	sector	(ton/ha/year)

figure	a.8. Yield of cereals for the food industry and for the fodder industry

source:	fao	data	and	T21	projections.
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organic fertilizers. This period represents the loss of a decade in terms of increased yields.
The forced transition from HEI to LEI has more drastic effects in the Strong HEI Growth-En-
ergy Shock scenario; in this case the yield and, consequently, the amount of calories produced 
for human nutrition suffer a substantial decline in 2025, before resuming growth in the last 
15 years of the scenario. The most significant decrease in yield is due to the fact that in this 
scenario, a higher percentage of farms must change from the HEI to the LEI one, since for 
the HEI scenario we assume there is a higher final level of dissemination of the HEI practices 
(90% in 2050).
Finally, the impact of the sudden rise in oil prices and reduced access to inorganic fertilizers is 
lower than in the Stopped HEI Growth-Energy Shock scenario. This is due to the fact that in the 
Stopped HEI Growth scenario, a smaller percentage of the cultivated area is managed accord-
ing to HEI practices: the level estimated for 2050 remains at the current 45%. In this context, 
the 50% reduction in the availability of inorganic fertilizers does not represent a limitation for 
agricultural productivity because the target level of distribution of HEI practices remains below 
50%. Therefore, the decline in the growth of yields that is observed is only due to the direct 
impact of the increase in oil prices on the cost/use of mechanical means powered by oil.
The simulation results showed that, if after 2025 substantial limitations of energy availability 
should be detected, an approach of low external input could lead to a Worse-Before-Better result 
(WBB), with lower productivity in the short-term but increased productivity in the long-term. 
The results of the simulation of the scenarios without substantial energy limitations are signi-
ficantly influenced by the assumptions regarding the amount of cereals used for fodder and 
the amount of crops grown for biofuels. However, any changes in these assumptions do not 
entail a substantial change in the results in qualitative terms: the ranking of the scenarios in 
terms of yield and calories produced remains unchanged.

source:	fao	data	base.

figure	a.11. Agricultural production for human nutrition in case of an energy shock
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Shock scenarios, Figure A.11.), the increase in the amount of calories for human nutrition 
would continue unchanged until 2025, but would then slowdown in different ways according 
to the specific scenarios.
In the BAU-Energy Shock scenario, there is a gradual decrease in the amount of calo-
ries produced for human nutrition beginning in 2025 before stabilizing and then seeing 
growth again toward 2035. 
This decrease is due to the combination of two factors: first, the increase in oil prices that has 
direct negative effects on productivity and yield, because as the cost increases, the use of oil-
powered vehicles (such as tractors, water pumps, etc.) decreases; and secondly, the reduced 
access to fertilizers forces some farmers, who in other circumstances would practice a HEI type 
of agriculture, to switch to LEI (in the direction of a Stopped HEI Growth scenario) farming.
This forced switch to the LEI system is an expensive process because part of the existing 
physical capital must be substituted/adapted and because it requires the acquisition of 
additional knowledge.
In addition, conversion to LEI farming is an expensive process in terms of time: it inevitably 
takes some time before the farmers realize that the increase observed in energy prices is not 
transitory, and before they acquire the human and physical capital needed to implement the 
LEI practices. These resources might not be immediately available at the time of rising energy 
prices and declining productivity.
At the same time, when the LEI production systems have not yet been implemented, but the 
fertilizers are still available in the quantities needed, the land is further impoverished.
Finally, once the LEI practices are implemented, it takes about five years before the soil 
is fertile again. Overall, it is assumed that the average transition from HEI to LEI farming 
requires about 10 years, given the conditions of limited access to energy resources and in-

source:	fao	data	base.
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figure	a.10. Agricultural production for human nutrition
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substantially reduced. However, this decline is gradual, confirming the fact that the process 
of replacing and upgrading physical capital is slow and progressive.

The results of the simulation of the Energy Shock scenarios are particularly sensitive to the 
amount of time assumed to be necessary for the transition from HEI to LEI. In fact the re-
sults of Strong HEI Growth-Energy Shock and BAU-Energy Shock scenarios are less negative. 
However, even if the transit time were significantly lower (five years), the positioning of the 
scenarios in terms of yield and calories produced would remain the same (the difference in 
quantitative terms is still quite low).

summary and Conclusions of simulation

In summary, in the BAU scenario, agricultural production grows at a constant rate, genera-
ting a continuous increase in the amount of calories per capita for human nutrition. This le-
ads to a significant reduction of the population that is malrnourished, reaching 345 million 
in 2050 (3.5%). The HEI scenario generates an even higher level of yield and, consequently, 
increased production for all crops; while on the contrary, the Stopped HEI Growth scenario 
generates yields and production that are slightly lower than with the BAU system. This is 
mainly due to the lower density of nutrients in the soil that characterizes the LEI type of 
agriculture as compared to that of HEI. Consequently, the amount of food calories available 
per person per day is higher in the HEI scenario compared to the BAU system, whereas it is 
lower in the LEI scenario. The relative difference between the scenarios is less when consi-
dering the quantity of the population that is malnourished, which means that the additional 
production generated within the HEI scenario is only partly for the benefit of the poor.
On the contrary, the Strong HEI Growth scenario has a greater environmental impact than 
the BAU scenario, particularly with regard to energy demand. In the Energy Shock scena-
rio, it is hypothesized that the more intense exploitation of the natural resources would not 
be practical due to the limited availability of those very resources. What follows is a rapid 
reduction of the yields for the Strong HEI Growth-Energy Shock scenario, with lower levels 
than those of all the other scenarios. Therefore, agricultural production grows slower in the 
Strong HEI Growth-Energy Shock scenario compared to the BAU-Energy Shock and Stop-
ped HEI Growth-Energy Shock scenarios, and the quantity of calories available per person 
by 2050 is less compared to the other scenarios. 
This figure can be traced to a number of factors. First, farmers do not react immediately to 
changes in prices, but expect to see if the changes are temporary. Secondly, to change far-
ming practices it is necessary to acquire a certain amount of knowledge on LEI agriculture. 
Thirdly, the available capital may not be suitable for LEI agriculture and may need to be 
replaced. And finally, the transition from monoculture to polyculture involves changes in 
marketing structures that, in turn, also require time. It is hypothesized that this adaptation 
results in an average delay of 10 years, with a faster reaction time in countries of medium/
high incomes and longer reaction times in low-income countries.
The consequence of this delay in adapting is that the HEI practices are continued for se-
veral years under unfavorable conditions (for example, in the absence of fertilizers), with 
a consequent impoverishment of the soil. Under these conditions the capital accumulated 
so far in terms of R&D is, therefore, only partially useful, and thus, productivity drops fur-
ther. Once the transition from a HEI system of agriculture to a LEI has occurred, the soil 
has a below-average productivity, and it will take a few years before it returns to being fully 
productive. In the meantime, a considerable proportion of the potential agricultural pro-
duction is lost, namely a decade of potential increase in the yield.
The impact of these dynamics on nutrition is important both in terms of the average amount 
of calories per capita and in terms of the percentage of the population that is malnourished. 
Just as important is the impact of this transition on the natural resources: energy demand is © Corbis
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1. fao/oeCd	“expert	meeting	on	greening	the	economy	with	agriculture,”	paris,	september	
5-7,	2011.	in	precedence,	see	also	iiasa/fao,	“global	agro-ecological	Zone	assessment	input	
levels,”	2010.

ChApter 1

1. referred	to	as	BCfn.

2.	“food	production	that	makes	the	best	use	of	nature’s	goods	and	services	while	not	damaging	
these	assets”	(pretty,	2005).

3.	fao,	2008.

4.	 fao/oeCd,	 “expert	 meeting	 on	 greening	 the	 economy	 with	agriculture,”	 paris,	 5–7	
september,	2011.

5. in	this	regard,	see	Chapter	4.

6.	for	a	comprehensive	overview	of	the	major	global	challenges	facing	the	agricultural	sector	
–	specifically	with	the	goal	of	sustainability	–	refer	to:	Final Report and Background documents 
by	the	fao,	“international	Technical	Conference	on	agricultural	biotechnologies	in	developing	
Countries:	options	and	opportunities	in	Crops,	forestry,	livestock,	fisheries	and	agro-industry	
to	face	the	Challenges	of	food	insecurity	and	Climate	Change,”	2010.	for	a	further	discussion	
of	the	role	of	food	biotechnology	in	promoting	agricultural	sustainability,	refer	to	the	position	
paper	Beyond GMOs. The agro-food biotechnologies,	created	by	the	Barilla	Center	for	food	&	
nutrition	in	2011.

7.	world	food	programme,	annual	report	2007.
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1.	fao/oeCd,	“expert	meeting	on	greening	the	economy	with	agriculture,”	paris,	september	5-	7,	
2011.	also	see,	by	the	iiasa-fao,	“global	agro-ecological	Zone	assessment	input	levels”	(2010).

2. in	europe,	and	other	countries,	regulations	exist	that	codify	the	distinctive	features	of	organic	
farming	in	a	clear	and	comprehensive	way.

ChApter 3

1. gran,	y.,	 C.	 liang,	X.	wang,	B.	mc	Conkey,	Lowering Carbon Footprintof Durum Wheat by 
Diversifying Cropping Systems,	in	“field	Crop	research”,	122	(3),	pp.	199-206,	elseviez,	2011.

ChApter 4

1.	millennium	institute	(mi)	“is	an	independent	and	non-partisan	nonprofit	organization	com-
mitted	to	promoting	systems	literacy	and	dynamic	modeling	tools	to	attain	sustainable	deve-
lopment	worldwide”	(website	of	the	millennium	institute,	“who	we	are”).

2. in	the	following	pages	is	a	summary	of	assumptions	and	results	of	the	model:	a	detailed	des-
cription	of	the	methodology	used	for	its	construction,	hypotheses	and	underlying	assumptions,	
and	the	overall	results	may	be	found	in	the	appendix	of	this	document.

3.	The	model	of	low	external	input	agricultural	production,	lei	(low	external	input),	uses	about	
35%	more	work	per	hectare	of	land	cultivated	than	a	model	with	high	external	input,	hei	(high	
external	 input).	low	external	 input	agriculture	(lei)	uses	about	50%	less	energy	per	hectare	
than	a	high-input	model	(hei).

4.	The	difference	in	yield	between	hei	and	lei	is	a	topic	that	is	still	widely	debated.	although	
numerous	studies	indicate	that	hei	generally	has	relatively	better	yields	(Badgley	et al.,	2007,	
stanhill,	1990),	the	yield	of	each	type	of	production	model	depends	on	the	economic,	social	and	
environmental	context	in	which	it	is	applied.	for	the	purposes	of	this	study,	we	introduce	the	
hypothesis	that	in	low	external	input	agriculture	(lei),	the	density	of	nitrogen	in	soils	is	about	
30%	lower	than	in	high	external	input	agriculture	(hei);	consequently,	the	yield	per	hectare	is	
lower	in	the	lei	model.	This	gap	tends	to	shrink	in	the	long	run	due	to	a	general	improvement	
of	knowledge	for	the	efficient	application	of	the	lei	model.

5.	figure	4.1.	shows	how	the	amount	of	calories	produced	is	constantly	growing.

6.	for	further	information,	see	the	fao/oeCd	study,	Food Availability and Natural Resource Use 
in the Green Economy Context,	p.	19.

ChApter 5

1.	Save and Grow – A Policymaker’s Guide to the Sustainable Intensification of Smallholder Crop 
Production,	fao,	2011.

2.	ipm,	or	integrated	pest	management.

3.	hei	-	high	external	input;	lei	-	low	external	input;	iei	-	intermediate	external	input.






