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57.1

Introduction

LEGATO stands for “Land-use intensity and Ecological
EnGineering – Assessment Tools for risks and Opportunities
in irrigated rice based production systems.”
To advance long-term sustainable development of intensive
land-use systems against risks arising from multiple aspects of
global change, LEGATO quantified ecosystem functions
(ESF) and the services (ESS) generated from them in irrigated
rice landscapes in South-East Asia. The focus was on local as
well as regional land-use intensity (including the socio-cultural and economic background) and biodiversity, and the
potential impacts of future climate and land-use change.
In particular, LEGATO investigated the interactions
between irrigated rice and the surrounding landscapes in the

Which ecosystem services are addressed? Provisioning
services (soil nutrients).
Regulating services (biocontrol, pollination).
Cultural services (recreation, cultural identity, tourism).
What is the research question addressed? How can
provisioning, regulating, and cultural ecosystem services
in irrigated rice production systems in South-East Asia be
improved through modifications particularly of land userelated drivers (intensity, pesticide application, etc.)?
Which methods have been applied? Field studies on
nutrients, decomposition, and insect dynamics; Designed
experiments; Species inventories; GIS-analyses based on
urban land cover data; Questionnaires.
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Vietnam are particularly suitable, as they represent both
important similarities and differences in a region of critical
importance for global development. The topological similarities allowed the selection of comparable transects in both
(b) Planting of flower strips around rice fields is an examcountries along gradients that reflect different land-system
ple of ecological engineering that increases biodiversity
archetypes [7] with changing geo-climatic conditions and
and provides habitats for natural antagonists of rice pest
land-use intensities, and also different levels of socioecospecies, thereby reducing the need for insecticide use; and
nomic and cultural diversities (see Table 57.1). They range
from mountain areas to fertile hilly lowlands to low-lying,
(c) Participatory approaches are needed to convince farmers
flood-prone high production areas. In both countries, the
to switch to more sustainable management practices.
mountain areas are characterised by the terrace agriculture of
What is concluded, recommended? (a) Ecological
indigenous peoples (see, e.g., Fig. 57.1). The final selection
engineering; (b) Planting of flower strips; (c) Participatory
of study regions was also based on results of focus group
approaches.
discussions and interviews with stakeholders, resulting in the
selection of seven regions (each 15 × 15 km2), three in
Luzon/Philippines, three in northern Vietnam, and one in the
light of ecological engineering (as an emerging discipline, Mekong delta in southern Vietnam. For their locations see
concerned with design, monitoring, and construction of eco- Figs. 57.2a, b. For further details on climates, land uses, and
systems). The overall objective was the elaboration and test- soils, see Klotzbücher et al. [4].
ing of generally applicable principles for the improvement of
In each of these regions, 10 core sites (all of them are rice
provisioning, regulating, and cultural ecosystem services fields; i.e., 70 rice fields in total) were selected to ensure
through modifications particularly of land use-related drivers collection of sufficient data for scientifically-profound,
(intensity, pesticide application, etc.). For a general project comparative analyses (see also Klotzbücher et al. [4]). The
overview, see Settele et al. [1].
10 sites made up 5 site-pairs, with: (a) one site of each pair
being located in an agriculturally more intensively used
setting (structurally poor, more homogenous surroundings
with more than 50% of rice fields in an area within a radius
57.2 Ecosystem Services Under Study
of 100 m around the centroid of the patch/site), henceforth
Following the framework of the Millennium Ecosystem called “monoculture rice field”; and (b) a second site, at a
Assessment [2], LEGATO defined supporting services as distance of 300–1000 m from the previously described site,
ESF and dealt with selected characteristic elements of the with more heterogeneous surroundings (structurally rich,
three service strands defined by the MA: (a) Provisioning less than 30% rice fields in an area within a radius of 100 m
(PS): nutrient cycling (e.g., Schmidt et al. [3] and crop and a higher proportion of non-intensively used areas such as
production (e.g., Klotzbücher et al. [4]); (b) Regulating (RS): house gardens, fallows, forests, etc.), henceforth called
biocontrol and pollination (e.g., Westphal et al. [5]); (c) “structurally diverse rice field.” The selection was based on
Cultural Services (CS): cultural identity and aesthetics (e.g., the hypothesis that higher structural diversity leads to higher
Tekken et al. [6]). Studies were conducted mainly in two biodiversity, enabling us to test biodiversity effects on
countries: Vietnam and the Philippines, in landscapes along irrigated rice agro-ecosystems. During the project, the above
a gradient reflecting changing geo-climatic and land-use two categories were complemented by “agroforest” fields
intensity, and, where possible, also cultural conditions (for without rice in the vicinity of most of the 10 sites (resulting
in 5 triple-sites; see Fig. 57.3).
more details see Settele et al. [1]).
Site selections were made in close consultation with local
administrators and LEGATO collaborators. This also made it
possible to include in the project local communities that
57.3 Study Regions and Sites for Field-
differed in some socio-cultural and economic characteristics.
Based Research
Inclusion of local communities allowed comparative socio-
As solutions elaborated within the funding scheme were cultural analyses, of community responses to generally
expected to have a model character (i.e., these should be similar environmental conditions, thus providing a good
transferable to other regions [7], LEGATO opted for a trans- baseline for social research (e.g., comparison of topographic
regional and international approach. The Philippines and pictures to identity terraced landscapes).
What is the main result? (a) Ecological engineering is
a promising approach for more sustainability in intensive
rice production landscapes;
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Table 57.1 LEGATO regions (selected along geologic-climatic gradients) and their categorisations along a spectrum of land-use intensity (e.g., workload, agro-chemical input), landscape structural diversity (large monocultures vs. small fields with other habitat elements in between), and cultural
diversity (traditional knowledge and practices applied; diversity of ethnic groups). (Source: qualitative assessment based on authors’ knowledge of the
regions before the start of the project; if two levels are marked for one region this indicates a range of levels with the region)

LEGATO region
(code and name of province)

Land use intensity

low

medium

high

Landscape structural
diversity
low

medium

High

Cultural
diversity
Low

high

Philippines (Luzon island)
PH_1: Laguna
PH_2: Nueva Ecĳa
PH_3: Ifugao (Fig. 57.1)
Vietnam
VN_1: Hai Duong
VN_2: Vinh Phuc
VN_3: Sapa
VN_4: Tien Giang (Fig. 57.5)

Fig. 57.1 LEGATO landscape at Batad within region “PH_3 Ifugao“ (compare Table 57.1). These Amphitheatre-like terraces are part of the
UNESCO world heritage sites of Ifugao province, North Luzon, Philippines. (Image courtesy of J. Settele, 2012)
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Fig. 57.2 (a) Geographical distribution of the 3 LEGATO research regions in the Philippines (© Harpke/Grescho, UFZ). (b) Geographical distribution of the 4 LEGATO research regions in Vietnam. (Image courtesy of Harpke/Grescho, UFZ)
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Fig. 57.2 (continued)

377

378

J. Settele et al.

Fig. 57.3 The three habitat types investigated in LEGATO – exemplified for PH_1, Laguna, Philippines; (a) “monoculture rice field” (image
courtesy of C. Sann); (b) “structurally diverse rice field;” (c) “agroforest.” (Images B and C courtesy of A. L. Hass)

57.4

 o–Design of Research and Co–
C
Production of Knowledge

As with most projects, LEGATO was organised into Work
Packages (WPs) and followed the work flow shown in
Fig. 57.4. Core elements of the project structure were the
feedback loops, particularly those in relation to the co-design
of research with stakeholders that directly influence recommendations and implementations – often via several feedback loops (co-design: feedback WPs 1 with WP 2/3; and
co-production for practical outputs, like e.g., Ecological
Engineering: feedback WP 5 with WPs 2/3 and 4).
Our experience with this approach was very positive
in terms of openness of farmers to our research activities
and our approach has been analysed in more detail by Görg
et al. [8] and Spangenberg et al. [9]. The main conclusions
of these studies were that large integrated research projects
are necessary to address the complexity of nature-society
interactions within biodiversity research and beyond. Such
large-scale research projects create challenges in terms
of management and knowledge integration, but also offer
promising opportunities for transdisciplinary research if
managed properly. However, for an appropriate integration
of knowledge across different disciplines and with stakeholders, two-way communication between researchers and
practice partners is critical to the development of solutions
to complex societal problems [10]. Such two-way communication goes beyond the more linear outreach and dissemination activities that are often involved in conventional
project management.
Therefore, a particular characteristic and highlight of
LEGATO was the close collaboration with farmers and other
local stakeholders (partnerships which are necessary to
achieve real progress in the field of sustainable land use and
biodiversity conservation [11]). The research sites were all
located in farmers’ fields, selected during close interaction
with these farmers and managed throughout the project with
their enormous support. The project interacted with a range

of different groups of stakeholders: The number of people
involved in each group is roughly estimated to include the
following (see also Förster et al. [12]):
• Government institutions (Agriculture: 10; Environmental
protection: 5; Municipal administration: 20; Tourism and
culture: 20; general/top level: 20).
• Private sector (Business catering for the local market: 40;
Business catering for the national and international market: 5).
• NGOs: 5.
• International organisations: 20.
• Individual farmers and land owners: 500.

57.5

Outputs: The Example of Biological
Control Services

As core output, LEGATO has developed guidelines for
optimising ESF/ESS and their stabilisation under future
climate and land-use change, which will affect South-East
Asia in particular. LEGATO examined the potential for
ecological engineering to achieve this, and tested its implementation and transferability across regions. The latter
was achieved through inclusion of, for example, local agricultural agencies and extension services as partners.
Implementation included assessments of ESS risks and
opportunities in the light of changes in land-use intensity,
biodiversity, and climate.
One of the key problems in intensively managed irrigated
rice production systems is the high level of pesticide use
[13], which can lead to health problems and declining biodiversity. Lower biodiversity can aggravate problems with
pest outbreaks, because insecticides often have a greater
impact on the more sensitive natural antagonists of pest
species, such as predatory spiders or parasitoid wasps, than
they do on major rice pest species such as planthoppers
and leafhoppers, particularly when they have developed
insecticide-resistance.
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Ecological engineering aims to address this problem by
providing habitats for the natural antagonists of rice pests
and thereby reducing the need for insecticide applications.
One technology of ecological engineering used by LEGATO
was the planting of flower strips along rice field margins [5].
These flower strips, according to local farmers, also have the
added benefit of improving the aesthetic appearance of rice
landscapes (Fig. 57.5). However, this technology can work
only if the whole farmer community of a region either stops

379

using pesticides or uses them in a very restricted way as part
of an integrated pest management (IPM) approach. As shown
in a few first exploratory case studies, another way to increase
biodiversity and improve sustainability is to leave a few
square meters in a paddy unplanted. This allows dragonfly
populations to establish themselves; dragonflies are natural
antagonists of the pests. A permanent pond with water vegetation could be installed, which functions as a stable source
of dragonflies to (re-)populate the nearby paddies.

Fig. 57.4 LEGATO
overview structure and work
flow – the basis for co-design
and co-production

Fig. 57.5 Flower strips along rice field margins during a LEGATO school PR event in southern Vietnam. (Image courtesy of Le Huu Hai)
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To convince farmer communities to revert to more sustainable management practices requires effective communication and education, often against powerful lobbying from
the pesticide industry. One LEGATO approach was entertainment education, which uses mass media campaigns to
spread the information among farming communities [5].
The first results from this approach are encouraging, particularly among farmer communities in southern Vietnam, where
ecological engineering techniques have been adopted especially
by female members of the communities. Analogous to advertisements of agro-chemicals, mass media campaigns can be
highly efficient and cost-effective, and have the potential to
reach and motivate thousands of farmers to implement ecological engineering practices. In southern Vietnam, insecticide
spraying was reduced by over 50% in response to the dissemination of information in posters and leaflets [14]. A follow-up
mass media campaign (locally named “Three Reductions, Three
Gains”) has been developed and reached more than three million farmers in South and Central Vietnam [15]. Within
LEGATO, a TV series to promote ecological engineering was
launched in Vietnam (Fig. 57.6). The TV series sought to modify farmers’ attitudes and practices, and is estimated to have
reduced insecticide use among farmer-viewers by 19% [16].
To identify management deficits and achieve improvements,
it is important to understand that rice farmers often base their
decisions on simple rules of thumb [17]. Scientific information
must therefore be distilled into simple and easy to communi-
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cate rules. LEGATO suggested a heuristic communication
Scheme [13] to structure complex information and convey it in
a simplified but meaningful way. These insights can be presented in several linked rules to explain complex biotic interactions, the importance of different groups of service-providing
animals, and the synergistic management of their services [18].
Implementing ecological engineering as a dominant practice in irrigated rice production systems therefore requires
continuous support of farmer communities using participatory approaches More research is also needed, e.g., to identify the most suitable plant composition for flower strips in
different regions.

57.6

Some Key Messages

Based on the experience from and investigations performed
within LEGATO, we present some important key messages:
(a) Ecological engineering is a promising approach for more
sustainability in intensive rice production landscapes.
(b) Planting of flower strips around rice fields is an example
of ecological engineering that increases biodiversity and
provides habitats for natural antagonists of rice pest species, thereby reducing the need for insecticide use.
(c) Participatory approaches are needed to convince farmers
to switch to more sustainable management practices.

Fig. 57.6 Launching of TV series on education entertainment in southern Vietnam. (Image courtesy of M. Escalada)
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Initial successes have been achieved, but continuous support
of farmers and additional research is required for long-term
adoption of sustainable management practices.
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