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Innovation Systems Research

Sustainable Natural Resource Use in
Least Developed Countries

Traditionally, research and development for least developed countries have
focused on the transfer of technology. Innovation systems thinking, in contrast,

introduces approaches that take into
account regional and societal knowledge.
Researchers at the University of Natural
Resources and Life Sciences employ such
an innovation systems perspective for
sustainable natural resource use strategies.
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n many least developed countries, a ma-
I jority of people lives in rural areas and
depends on natural resources for their
livelihoods (e.g., 83 percent in Ethiopia,
72 percent in Bangladesh)!. There, human
pressure on natural resources and the en-
vironment is high. For example, the com-
petition for land and water resources in
highly populated countries such as Rwan-
da or Bangladesh often exceeds the carry-
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ing capacities of land and ecosystems. Nat-
ural resource overuse and its subsequent
land degradation are common (e.g., in sub-
Saharan Africa 25 percent of the available
agricultural land is severely or very severe-
ly degraded; in Asia and the Pacific 29 per-
cent respectively). For decades, technolog-
ical innovations have been considered one
of the keys for reversing natural resource
overuse and degradation. Yet the scientific
literature is rich in examples of inappropri-
ate or poorly targeted innovations in agri-
culture and natural resource management.
For example, permanent cropping and ter-
racing recommended in Laos did not ad-
dress the main problem for farmers, name-
ly weed infestation; therefore, they have
not increased agricultural productivity as
initially planned (Pretty 1995). Many years
the transfer of livestock breeds from tem-
perate climates to the tropics has been pro-
moted to boost livestock productivity (see
figure). Such innovations often failed as lo-
cal production conditions, vulnerabilities,
and risks associated to farming in the tar-
get countries were neglected (Nimbkar et
al. 2008). At the same time, there are cas-
es where farmers, together with the pub-
lic and the private sector, take charge for
resource conservation. In Kenya, the com-
bined effect of policy processes, land con-
servation measures, and tenure arrange-
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ment, despite high population densities,
resulted in more sustainable natural re-
sources management regimes (Kabubo-
Mariara 2007). Such and similar findings
suggest that population pressure does not
necessarily result in natural resource over-
use and depletion, but that social systems
have an intrinsic capability to actively man-
age natural resource constraints. In such
cases, appropriate technologies, alterna-
tive forms of social organization, new atti-
tudes and practices often go together.

The Centre for Development Research

In the agricultural development debate,
innovation communicates “change” and
“transition” from non-sustainable to eco-
logically sound and socially acceptable
modes for natural resource management.
Some authors (e. g., Sulaiman et al. 2006,
Hall et al. 2010) understand innovations as
changes that take place in societies, when
knowledge, technology, and information
are made available and put into socially
and economically productive use. In much
of its work on sustainable natural resource
use strategies, the newly established Cen-
tre for Development Research (CDR) at the

1 See table on http://data.worldbank.org/indicator/
SP.RUR.TOTL.ZS.
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University of Natural Resources and Life
Sciences, Vienna (Universitit fiir Boden-
kultur Wien, BOKU), employs an innova-
tion systems perspective. It frames inno-
vation as a collective action arrangement
around a new idea that ensures the reali-
zation of the same at a wider geographical
or societal scale.

For example, a single farm practicing
sustainable agriculture in the Ethiopian
highlands is not sufficient to safeguard
natural resources with well-being effects
for the entire region. It is the combined ef-
fect of sustainable agricultural practices of
a majority of farmers in a given watershed
that makes a difference for people and their
environment: breeding programs for live-
stock or crops work only when farmers de-
cide to collaborate, pool resources, share
ideas, and realize them through vision-led
collaborative arrangements. There are dis-
tinct interconnections between the social
and technical dimensions of innovation;
none of the two would work in isolation.
Or, as Hellstrom (2007) puts it: “Techno-
logical innovations, in order to succeed,
must build on relevant social structures
and be able to influence these structures.
Innovation therefore necessitates simul-
taneous technological and social change”.

All relevant technological and social
processes, interwoven with economic, in-
stitutional, political factors, constitute an
innovation system. Multi-stakeholder part-
nerships that bring together natural re-
sources user, ministries, the private sector,
and research are the key for effective inno-
vation system processes. Moreover, inno-
vation processes promote the development
of a real community of practice, if multi-
stakeholder partnerships such as govern-
mental agencies, non-governmental orga-
nizations, research institutes, business and
consumer groups and, of course, farmers
are involved (Waters-Bayer et al. 2007). In
innovation systems research, particularly
the integration of human, social, and nat-
ural factors helps to unlock peoples’ abili-
ty to respond to natural resource manage-
ment challenges.

Heterogeneity in Systems

Innovation systems research recognizes
that innovation takes place within com-
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plex adaptive systems. This contradicts the
classical mechanistic world view, which
assumes clear and predictable procedures
in development, diffusion, and adoption of
technologies (Rip 1995). In reality, howev-
er, social processes, and organizational set-
tings are influenced by ecological, social,
or economic factors that cannot be under-
stood from a reductionistic perspective.
Such systems are comprised by a dynamic
network of system components which act
and react in association with each other.
Interactions (and interdependencies) are
typically non-linear, they are influenced by
a range of decentralized decisions taken.
These systems are labelled “adaptive”, as
they adapt (i. e., respond) to changing eco-
logical or economic conditions and stress.

Such conceptualization of innovation is
important for research in the field of sus-
tainable natural resource use, as ecologi-
cal, environmental, and economic condi-
tions under which smallholder farmers
operate are extremely heterogeneous. Het-
erogeneity is understood as a significant
variation of conditions in both time and
space. For instance, soil qualities vary in
space, often within a few hundred meters.
In practice, this means that crop varieties
or mineral fertilizer application rates do
not match with natural resource require-
ments. Hence there is a constant need for
farmers to adopt and adapt technologies
to match with the changing needs and re-
quirements of agriculture.

Integrating Knowledge
Given the complexity of innovation sys-
tems, innovation processes must be exam-
ined from different disciplinary perspec-
tives. The CDR, together with its partners
and members, takes a cross-disciplinary
orientation aimed at a better understand-
ing of social and technological change that
emphasizes sustainable natural resource
management arrangements. Particularly,
three research lines are of interest.

1. Innovation processes that improve the
sustainable management of natural re-
source management, notably soils, wa-
ter, crops, trees, and livestock (with a
focus on socio-ecological dynamics
that bring about new technologies and
practices at communal level).

o

2. Facilitation of innovation through ef-
fective extension services, project and
program approaches (with a focus on
the necessary services, social networks
as well as policies that altogether form
a conducive atmosphere for innovation
and change).

3. Impact assessment of innovation pro-
cesses (with a focus on intra-household
and intra-communal social, economic
and ecological consequences of inno-
vation and change).

As important it is to understand success-
ful innovation processes (“learning from
good cases”), it is equally critical to analyze
failed attempts. The CDR draws on and
contributes to innovation thinking by inte-
grating natural and social science insights
gained in Africa, Asia, and Latin America.
Scientific partners from across university
departments provide the necessary sector
competences (e.g., soil management, irri-
gation, livestock). This works best in re-
search projects with clearly defined system
boundaries, allocation of tasks, budgets,
and information sharing procedures.

Putting Ideas to Work

Next to the necessary interdisciplinary in-
tegration, the Centre also functions as a
hub for transdisciplinary working arrange-
ments with development partners in the
south. Through partnerships with civil so-
ciety, the private sector, international agri-
cultural research, and higher education,
we seek ways to put research insights into
use.

FIGURE: A crossbred dairy cow in Uganda.
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In a recent research and development
project granted by Europe Aid, researchers
and development partners work side by
side on adaptive small scale farming sys-
tems in rainfed areas in India, Nepal, and
Bangladesh. Within the framework of the
BOKU-DOC-funded doctoral study on in-
novation in livestock breeding, we hope
to better understand the socio-economic
conditions that help to put in place ade-
quate breeding strategies for different pro-
duction systems.

The aim of another project is to assess
the impact of the Austrian-funded Inte-
grated Livestock Development Project (ILDP)
in Gondar, Ethiopia. It investigates the
types of livestock-related technologies tak-
en up by farmers, and assesses if and how
these technologies have been modified and
adapted by farmers in order to fit the local
conditions. These results inform other de-
velopment projects about the principal en-
abling conditions required for successful
technology adaptation.

In the water sector, we deal with anthro-
pogenic impacts on water quantity (over-
use and non-sustainable excessive exploi-
tation) and quality (contaminations of all
kind). Irrigation development, for exam-
ple, must be set into an integrated water
management strategy to ensure that one
achievement does not contradict other user
requirements. The effective use of water
and water productivity (Molden 2007) as
well as safeguarding the resource water is
a key factor for further development (see
also Lord Selborne’s work on water ethics;
Selborne 2000).

All these examples employ a systems
perspective that helps to understand the
role of innovation in agriculture and nat-
ural resource management.

Institutional Innovation

Embracing innovation systems thinking
in its academic work, the CDR supports
the institutionalization and strengthens
inter- and transdisciplinary development
research and training within the universi-
ty. The introduction and further develop-
ment of the centre itself can therefore be
referred to as an institutional innovation.
In order to succeed, it requires the vision-
led interplay of researchers, research man-

agers and university administration. Work-
ing in an innovation systems mode also
requires rethinking the role of agricultur-
al scientists. The difficulty of convention-
ally trained scientists to overcome the tech-
nology-supply push to innovation system
thinking is certainly a challenge (Roling
2009). Most recent joint research projects
suggest that such new forms of social or-
ganization are possible and will be reward-
ed. Drawing on innovation systems think-
ing is hence not only important to over-
come classical transfer of technology ap-
proaches — it also helps to reorganize the
way research is practiced.
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