I
10

New realities, new paradigms:
the new agricultural revolution

ARTURO BARRERA!

Summary

World agriculture is undergoing a transition to a new technological paradigm very different
from that of the green revolution. The development of this new paradigm is being driven by the
ongoing “bio”, “info” and “nano” revolutions, and the new demands of society and the markets.
The agricultural revolution of the 21st century is deeper and more far-reaching than previous
ones: it is an organizational revolution of knowledge management and of convergences between
technologies. One of the effects of this new agricultural revolution is a notable increase in the
sector’s potential to create wealth. This article is intended to contribute to the characterization of
the new paradigm of agricultural technological development and the type of agriculture that is
taking shape.
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INTRODUCTION

We are witnessing the emer-
gence of “post-green revolution
agriculture.” The paradigm of
the green revolution has run its
course and has been obsolete for
some time, its effectiveness called
into question by climate change
and the new techno-economic and
organizational paradigm based
on the advances in information
and communication technologies
(ICTs) and modern biotechnology.

The green revolution
led to a particular

way of conceiving and
“doing” agriculture,
understanding agricul-
tural modernization
and measuring sectoral
performance, accom-
panied by a specific
sectoral institutional
framework.

While this development sig-
nals the end of an era and its
paradigm, the term “post-green
revolution agriculture” is insuf-
ficient to describe or characterize
the new era that is beginning to
unfold. For the purposes of this
article, a paradigm is a set of val-
ues, concepts and definitions that
makes it possible to address a
problem or issue and shapes spe-
cific ways of understanding the
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world and intervening in it. More
specifically, a technological para-
digm is the “creation of innova-
tion opportunities measurable
by changes in the basic technical
characteristics of the “artifact(s)”
concerned” (ECLAC 2008:149)>
From a broader perspective, a
paradigm has to do with the way
we conceive and “do” agricul-
ture, promote agricultural mod-
ernization and measure sectoral
performance.

THE PARADIGM OF THE GREEN
REVOLUTION

The technological paradigm
of the green revolution was the
product of the industrial society
and “food Fordism.” The revo-
lution was linked to a specific
way of understanding moder-
nity and promoting moderniza-
tion, since it developed in an
intellectual climate in which a
model of modernity was held
up as the ideal and a single path
was proposed for achieving it.
The green revolution occurred
at a time when humankind was
creating new risks, but was not
aware of them and so failed to
address them.

This paradigm led to a partic-
ular way of conceiving and “do-
ing” agriculture, understanding
agricultural modernization and
measuring sectoral performance,
accompanied by a specific sec-
toral institutional framework. The
key technological challenge of the
green revolution was to increase
yields per hectare (mainly yields

of wheat, rice and corn) in order
to combat hunger, especially in
the Asian countries.

Although the increases in pro-
duction achieved in the 1960s,
1970s and 1980s were mainly due to
higher yields, the agricultural fron-
tier and water were not limiting
factors, as the growth of production
in Latin America in those decades
demonstrates. The negative envi-
ronmental externalities generated
by the intensive use of fertilizers
and agro-chemicals to control pests
and diseases were not constraints
either.

The technological challenge
was met by an institutional
framework based on public re-
search, with the Consultative
Group on International Agricul-
tural Research (CGIAR) facilitat-
ing a great deal of technology and
germplasm transfer worldwide.
As FAO (2004:32) has observed,
“the international flow of germ-
plasm has had a large impact on
the speed and the cost of crop
development programmes of na-
tional agricultural research sys-
tems.”

The green revolution led to
the development of a form of ag-
riculture heavily dependent on
technological advances such as
high-yielding varieties, obtained
through conventional genetic
improvement, the intensive use
of technological inputs like fer-
tilizers and agro-chemicals that
made it possible to tap the genetic
potential of new varieties, and
greater utilization of the modern

2In the case of the digital paradigm, for example, the “artifacts” include semi-conductors, microprocessors
and data storage systems. In the case of the biotechnological paradigm, they are the analysis and modifica-
tion of genetic material, high-speed sequencers, molecular markers, genes and DNA (ECLAC 2008).
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A number of models and
trajectories to modernity
are on offer and we no
longer have absolute
faith in science and
technology’s capacity

to control the world

and make it more
predictable. It is also a
time of systemic risks.

economic rationality of cost-bene-
fit analysis through the increased
use of management technologies.
The green revolution championed
these concepts as the keys to agri-
cultural modernization.

The green revolution’s impact
on higher yields and production
was evident, as was its contribution
to reducing world hunger, mainly
in Asia. According to FAO, between
1963 and 1983 total production of
rice, wheat and corn in the devel-
oping countries increased by 3.1%,
5.1% and 3.8% per year, respective-
ly. Over the next decade, the annual
increases in the production of the
same crops were 1.8%, 2.5% and
3.4%, respectively (FAO 1996).

The environmental and social
debates on the costs of the revo-
lution were intense, especially
in the 1980s and 1990s. Different
authors point to environmen-
tal degradation, genetic erosion,

the exclusion of women and in-

creased inequality as some of the
costs. The most obvious cost — on
which there is consensus — was
the damage done to the environ-
ment.

During the 1990s, basically as a
result of the 1992 United Nations
Conference on Environment and
Development, the idea of a “new
green revolution” or a “second
green revolution” was put for-
ward, based on the principles of
sustainable development. One ex-
ample of this attempt to reduce the
environmental costs of the green
revolution was the development
of the concept of integrated crop
management, which is achieved
through the integrated manage-
ment of pests and soil nutrients.
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It soon became clear, howev-
er, that these solutions — based,
as they were, on the paradigm of
the green revolution — were in-
sufficient and that the new digi-
tal and biotechnological revolu-
tions and the emergence of the
issue of intellectual property
for plant genetic materials were
beginning to effect far-reaching
changes that would have a ma-
jor impact on the technological
paradigms of different produc-
tion activities.

It is worth remembering that
the 1990s saw the first commer-
cial releases of transgenic crops,
the emergence of functional
foods, the first report of the In-
tergovernmental Panel on Cli-
mate Change and the develop-
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ment of the concept of the risk
society. The same decade also
witnessed the emergence of the
concepts of expanded agricul-
ture, knowledge management
and knowledge and learning-
based economies. It was a time
when new questions were asked:
what is agriculture and how can
agricultural technological de-
velopment be achieved? At the
sectoral level, it marked the start
of the transition to a new techno-
logical paradigm.

THE NEW PARADIGM: AN INFO-
BIOTECHNOLOGICAL AGRICULTURAL
REVOLUTION?

Today we are witnessing a tran-
sition toward the consolidation of

THE NEW TECHNOLOGICAL REVOLUTIONS
UNDERWAY — DIGITAL AND BIOTECHNO-
LOGICAL — AS WELL AS THE EMERGENCE OF
THE TOPIC OF INTELLECTUAL PROPERTY FOR
PHYTOGENETIC MATERIALS, WERE BEGINNING
TO CAUSE MAJOR AND FAR-REACHING TRANS-
FORMATIONS THAT WOULD SIGNIFICANTLY
IMPACT THE TECHNOLOGICAL PARADIGMS OF
THE DIFFERENT PRODUCTIVE ACTIVITIES.

3In the case of the digital paradigm, for example, the “artifacts” include semi-conductors, microprocessors
and data storage systems. In the case of the biotechnological paradigm, they are the analysis and modifi-
cation of genetic material, high-speed sequencers, molecular markers, genes and DNA (ECLAC 2008).
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The new paradigm is
substantially altering some of
the basic characteristics of the
green revolution. Some cases
in point are:

a. The uniform farm manage-
ment model, which is in-
creasingly being replaced
by precision agriculture.

. The high use of chemical
inputs, challenged because
of its effects on the con-
centration of greenhouse
gases.

The focus on a single
type of agriculture, which
is being replaced by a
variety of ways of “doing”
agriculture: traditional,
transgenic, organic, etc.




a new agricultural technological
paradigm. Since this post-green
revolution technological para-
digm is developing in the context
of late modernity, it is drawing on
the knowledge accumulated in
recent decades and beginning to
address the risks created during
the same period and the new de-
mands of society and consumers
with regard to environmental is-
sues. A number of models and tra-

This new paradigm

is developing at a

time when science

and technology

are beginning to

seek new areas of
convergence, and
systemic approaches
are gaining ground.
The new agricultural
technological
paradigm is part of this
new global intellectual
and technological
climate.

jectories to modernity are on offer
and we no longer have absolute
faith in science and technology’s
capacity to control the world and
make it more predictable. It is also
a time of systemic risks.

The new agricultural techno-
logical paradigm is framed within
the techno-economic paradigm
created by the large-scale utiliza-
tion of ICTs and biotechnology. It
is also framed within the new de-
mands of society, the markets and
agrifood chains, including the
differentiation of products, qual-

ity and safety, biosafety, animal
well-being and the sustainable
use of biodiversity and natural re-
sources.

As ECLAC (2008:149) has
stated, the generation of techno-
economic paradigms is based
on innovations that are capable
of redefining “the trajectory not
only of the technological and
economic spheres but also of
the social sphere.” Furthermore,
this new paradigm is develop-
ing at a time when science and
technology are beginning to seek
new areas of convergence, and
systemic approaches are gaining
ground. The new agricultural
technological paradigm is part of
this new global intellectual and
technological climate.

The key agricultural techno-
logical challenge of the 21st cen-
tury is to produce more, better
and more diverse food and non-
food agricultural products by
means of productive processes
that:

e Generate smaller amounts of
greenhouse gases

e Make more efficient use of
water

e Use basically the
amount of land

same

® Respond to new biotic and
abiotic stresses caused by cli-
mate change

® Permit greater monitoring by
society of the technologies
used.

All these are new production con-
straints and requirements that were
practically non-existent at the time of
the green revolution (Table 1).
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Table 1. Change in the paradigm of agricultural technological development.

AspPECT

GREEN REVOLUTION

NEW AGRICULTURAL REVOLUTION

Core concept

Research

Innovation

Main objective of
research/innovation

Higher yields and greater resistance
to pests and diseases.

Higher yields, more stable pro-
duction systems, improvement of
product quality and sustainable
use of natural resources.

Approach

Focus on supply and primary pro-
duction. Research prioritizes only
some Crops.

Focus on the demand from busi-
nesses and innovations throug-
hout the chain. Innovation incor-
porates a wide range of products.

Principal technology

Conventional genetic improvement.

Biotechnology, ICTs and
nanotechnology.

Type of inputs

Increasingly chemical.

Increasingly biological. Importan-
ce of biodiversity.

Main protagonists of research —
innovation

Public institutions.

Private enterprises and public ins-
titutions.

Goods produced by research/
innovation

Public goods.

Increasingly, private goods and
club goods.

Intellectual property

Not important.

Increasingly a key factor.

Type of knowledge that is im-
portant

Explicit.

Explicit and tacit. Growing impor-
tance of knowledge management.

Characteristics of agricultural
modernization

Increased use of the cost-benefit
approach and chemical inputs.

Various trajectories and models.
Continuous improvement and
good agricultural practices.

Performance measurement

Yield per hectare.

Multiple. Yield per unit of water,
active/hectare component, carbon
and water footprint.

Institutional framework

National agricultural research
systems.

National agrifood innovation
systems.

In this context, the objectives of “sectoral” technological development are to increase productivity, improve
the industrial, nutritional and organoleptic quality of products and ensure the sustainable use of natural resourc-
es. Another goal is “the stability and resilience of production systems” (World Bank 2008).
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As a result, there is no single op-
tion and trajectory for agricultural
modernization. Modernization no
longer means the use of specific in-
puts and a single approach.

The key aspect of the agricul-
tural technological challenge of the
21st century is fully consistent with
the new technological paradigm of
ICTs and biotechnology, whose core
objective is to use less raw materials
and energy through the intensive
use of information, knowledge, ser-
vices and gray matter (Pérez 1998).

From this perspective, bio-tech-
nology and its application to agri-
culture and the food industry is a
good example of a technology that
makes intensive use of process-
ing and information (in this case,
genetic information) and saves
energy when used in agro-indus-
trial bioprocessing. Similarly, the
utilization of ICTs in precision ag-
riculture is a demonstration of the
intensified use of on-farm (and off-
farm) information and how it im-

COMUNIICA | Technological Innovation

proves the way in which the differ-
ent factors of production are used,
including water, fertilizers and
pesticides. Moreover, since one of
the potential uses of nanotechnol-
ogy is precision agriculture, its
contributions will strengthen the
benefits and chief characteristics of
this type of agriculture.

If biotechnology, ICTs and
nanotechnology have increas-
ingly broad and unanticipated
applications in the technological
development of agriculture, the
convergences between them will
simply multiply those applica-
tions. One only has to look at what
is happening with bioinformatics
and the incipient uses of nano-
technology in the development of
precision agriculture. Other tech-
nological convergences are bound
to emerge, since we are only just
beginning to see the development
of this trend*.

In the era of knowledge-
based agriculture and the new

food revolution, the method
used to measure sectoral perfor-
mance is beginning to incorpo-
rate new indicators such as the
yield by unit of water and the
carbon footprint (Barrera 2010).
Another performance indicator
that is likely to be used increas-
ingly is that of active compo-
nents of agricultural products
by unit of land or water. “Site-
specific” and “precision”
technologies are beginning to
play a key role, as are differen-
tiation and quality management
and assurance (see Text Box 1).

A key aspect of the change
in the technological paradigm
of agriculture has to do with the
predominant concepts that have
sustained agricultural techno-
logical development and are re-
sponsible for the chief character-
istics of the national institutional
frameworks that promote it: the
concepts of research and innova-
tion and the national systems de-
voted to these areas.

*The European Commission (2004) believes that the next big wave of innovations will come from the con-
vergence of four technologies: nanotechnology, biotechnology, information and the advances in neuroscience.
The first three clearly relate to the agricultural area, the fourth less so, but it is important to bear in mind
that the research centers and global food companies are investing more resources in efforts to gain a better
understanding of the relationship between the brain and nourishment.

L
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The way in which the insti-
tutional framework took up the
gauntlet and addressed the tech-
nological challenges of the green
revolution already mentioned
was very different from the ap-
proach adopted for the new ag-
ricultural revolution. In the first
case, the task fell to the national
agricultural research systems; to-
day it is the responsibility of the
national agrifood innovation sys-
tems.

There are major differences
between the institutional arrange-
ments in each case, including the
following:

a. The national agricultural re-
search systems were simple
and linear, with a small num-
ber of protagonists; the cur-
rent national agricultural
innovation systems, on the
other hand, are interactive and
complex, with a multiplicity of
stakeholders and subsystems.

b. In the past, research was the
only source of innovation; in
today’s systems, that is no
longer the case.

. The systems of the green revolu-
tion were focused on the supply
of research. Today, the innova-
tion systems respond increas-
ingly to the demand from busi-
nesses, where the application of
knowledge is fundamental.

d. In the national research sys-
tems, the emphasis was on
explicit knowledge; in the
national innovation systems,
tacit and explicit knowledge
are equally important.

e. Today, the governance of the
system is becoming an impor-
tant issue, which was not the

case with the research systems.

Another important aspect of
the institutional framework (un-
derstood in a broad sense) has to
do with the types of goods gener-
ated by research and innovation
processes. In the paradigm of the
green revolution, agricultural re-
search mostly generated public
goods. In the present technological
and institutional paradigm, on the
other hand, national innovation
systems increasingly generate pri-
vate and club goods. As a result,
intellectual property management
has become a crucial issue.

The new revolution may
be bio-technological,

but it is not only
bio-technological;

it is digital, but not

only digital; it is
nanotechnological,

but not only
nanotechnological. This
revolution is more than
bio-technological, more
than digital and more
than nano-technological.
It is a revolution of
knowledge management
and technological
convergences.

At the heart of the new agri-
cultural technological paradigm,
in addition to the current tech-
nological revolutions and the
new demands of society and the
markets, is a new way of “doing”
science and technology. As Trigo
(2010) points out, the produc-
tion function used to “produce”

knowledge and technology has
changed. Biotechnology and ICTs
have played an important role in
those changes. In fact, biotechnol-
ogy and ICTs have changed not
only the production function of
agricultural and food activities,
but also the one used to gener-
ate science, technology and in-
novation. Furthermore, due to
the complexity of 2Ist century
societies and the problems that
have to be addressed, the scien-
tific and technological approaches
are more systemic and multidis-
ciplinary. ICTs have transformed
the ways of accessing and manag-
ing the research centers’ data and
information. Internet and its logic
of networks has fostered and mul-
tiplied collaboration on a global
scale. All this has had an impact
on productivity and the costs of
generating new knowledge.

THE AGRICULTURE OF THE
21ST CENTURY

Based on the new technologi-
cal paradigm described above,
the agriculture of the 21st century
is beginning to experience a new
revolution.

The new info-biotechnolog-
ical agricultural revolution is a
direct consequence of the infor-
mation society and the knowl-
edge economy. It marks a recon-
ceptualization and reinvention of
what humankind understands by
agriculture and how it is carried
out. The revolution is generating
new potential to create wealth
and new opportunities for in-
novation. Like all technologi-
cal revolutions, it is generating
new products, such as transgenic
crops, functional ingredients and
high-value inputs for different
industries.

.
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The new revolution may be
bio-technological, but it is not
only bio-technological; it is dig-
ital, but not only digital; it is na-
no-technological, but not only
nano-technological. This revo-
lution is more than bio-techno-
logical, more than digital and
more than nano-technological.
It is a revolution of knowledge
management and technological
convergences. The agriculture
that is taking shape as a result
of this new revolution is more
about networks and interactiv-

ityy, DNA and software, site-
specific and precision technolo-
gies, and terroirs and clusters
(Table 2).

We are on the cusp of a new
era whose changes are affecting
the most diverse areas of human
activity, including agriculture
and food production. The prin-
cipal technological dynamics of
agriculture come from the dy-
namics of cross-cutting techno-
logical revolutions, such as ICTs
and the biotechnology, and not

the largely internal technological
dynamics of agriculture, as oc-
curred with the green revolution.
The same is beginning to happen
with nano-technology.

The agriculture of the 21st cen-
tury is also based on new types of
businesses and work, mainly in a
more empathic relationship with
natural resources and nature. Ag-
riculture is increasingly viewed as
a pillar of the bio-economy and a
key activity for tackling climate
change.

Table 2. Changes in the conceptual framework and way of “doing” agriculture.

AsPECT

GREEN REVOLUTION

NEW AGRICULTURAL REVOLUTION

Definition as an economic activity

Primary activity

Expanded agriculture, agrifood chains

Principal objective of agriculture

To supply food

To supply food and functional ingredients,
produce environmental services and genera-
te non-food agricultural products

Type of business

Fordist — Taylorist

Responsible, adaptive and flexible

Obsession of the chain

Quantity and yield

Quality, innovation and reputation

Type of products

Commodities

Increasingly differentiated

Principal characteristic of the work

Manual and repetitive

Increasingly sophisticated and creative

Relationship with nature

Indolent

Empathic and responsible

Carbon content

High in carbon

Low in carbon

Management logic of agriculture Uniform Use of site-specific and precision
technologies
Type of agriculture Homogeneous Varied. More about networks and intercon-

nections. More about terroirs

Type of economy

Industrial economy

Knowledge economy. Bio-economics
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FINAL CONSIDERATIONS

The green revolution was one
of the major revolutions of the
20th century and one of human-
kind’s success stories.

especially for the developing
countries. Similarly, the new tech-
nological and agricultural devel-
opment paradigms of the 21st
century allow us to feel moderate-
ly optimistic that we will be able
to produce sufficient good-quality

food to feed the planet’s nine bil-
lion inhabitants in 2050. However,
this will undoubtedly depend on
how different countries and social
groups access food, which has to
do with how globalization is or-
ganized.

We are embarking upon a new
agricultural revolution that is
deeper than the green revolution
and whose consequences will be
more far-reaching. This is due to
the scope of the digital, biotech-
nology and nano-technology
revolutions and the convergen-
ces between them. The ways in
which these technologies are ap-
plied in the agricultural and food
sector will undoubtedly continue
to surprise us in the coming de-
cades.

Text Box 1. Precision technologies: one of the most
notable features of the new agricultural revolution.

One of the principal features of post-green revolution agriculture is the
site-specific management techniques that are beginning to be used for
different production resources and the greater precision employed in
agrifood research processes.

Precision agriculture is gaining ground the world over. This growth is being
driven by the increased, intensified use of the many more sophisticated
tools provided by information and communication technologies.
Increasingly, the applications and potential of this type of agriculture are
being reinforced by the advances of another technological revolution:

The green revolution was
nano-technology.

a major process of “artificial-
izing” agricultural production,
reflected basically in a sharp
increase in the use of, and de-
pendence on, chemical inputs.
The new agricultural revolution
is, in some sense, a process of
“naturalizing” production, re-
flected in the growing use of bi-
ological inputs, although it does
include aspects of “artificializa-
tion” — genetic engineering, for
example.

Precision technologies are also making their presence felt in other areas
besides what is now referred to as “precision agriculture.” Biotechnology,
for example, is making it possible to extend the logic and dynamics of
precision to the other end of food chains, to consumption by individuals
who are increasingly demanding and obsessed with their health. Thanks
to the progress being made in the area of nutrigenomics, in the near
future it will be possible to tailor the dietary intake of individuals to their
nutritional needs.

Biotechnology has also fostered precision practices in an area that is
important for agriculture — genetic improvement. The genetic improvement
of trees, crops and animals is now more “precise” and rapid because it is
"targeted,” based on high-speed sequencers and molecular markers.

Every era and society has its
own fears and bogeymen to deal
with, and each of the revolutions
analyzed in this article came
about in response to a global
concern. In the case of the green
revolution, it was the Malthu-
sian fear of hunger. In the case of
the new agricultural revolution,
it is the fear of global warming,
that Gaia will pass the point of
no return.

However, nanotechnology is the technology that will expand and deepen
the logic of precision in the future. And it will do so in the different links
and areas of food chains. For example: a) it will strengthen precision
agriculture; b) it will make it possible to create intelligent food, with
nutrients located in nano-capsules that the organisms of humans and
animals will utilize better; ¢) it will permit better safety management
through the use of interactive containers and in other ways; and, d) it will
strengthen the prevention and control of plant and animal diseases.

In short, precision technologies are one of the main features of the new
agricultural and food revolution, and their impact will become even more
pronounced in the years ahead.

The green revolution was a
great advance for humankind,

[
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