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WELCOME

Welcome to Landscape 2021 O
Diversity for Sustainable and Resilient Agriculture

Sustainable and resilient agriculture means integrating multiple goals of high productivity with minimal
use of external resources, stable provisioning of ecosystem services and protection of biodiversity.
Solutions need to be context-specific and adaptabl e to climate change as well as market volatilities and
shocks. They must support rural communities, offer robust economic opportunities and enable
recreational spaces. The solutions are as diverse as the landscapes for which they need to be
developed. While specialization and simplification of agricultural production systems and landscapes
have led to enormous productivity increases in recent decades, the environmental and social costs have
become inacceptable. Smart diversification may help to minimize suc h adverse impacts and create
more synergies instead.

Landscape 2021 brings together international scientists from the needed diversity of scientific
disciplines to explore whether and how diversity and diversification can contribute to a more sustainable
and resilient agriculture. The conference addresses research to the diversification of agricultural
systems across organisational levels and spatio -temporal scales:

Cropping and grassland systems
Farming systems

Landscape management systems
Public and private governance systems
Food systems

Cross-scale systems
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The overarching hypothesis is that the synergies and challenging trade-offs among social and
environmental objectives become most tangible at the landscape or territorial level.

The Landscape 2021 Conference assembles 390 delegates from 42 countries. Contributions include
two keynotes, 175 oral and 85 poster presentations in 38 sessions. 11 masterclasses enable further in-
depth discussion and mutual learning. A roundtable discussion with participan ts from three continents
representing agricultural practice, policy and science will debate about challenges and opportunities
related to the implementation of diversification in practice. A special marketplace is dedicated to
presentations of research products and tools for utilization in practice and policy.

We are looking forward to exiting scientific insights, ideas, critical thoughts and stimulating discussion.

We would like to thank the Scientific Committee for the extraordinary support in the confere nce
preparation. This group of 20 internationally renowned scientists was engaged in the selection of
sessions and masterclasses and helped to ensure the scientific quality, thematic wealth and
international balance of the conference program.

The Landscape 2021 conference is a followt o ne sgd 1/ 07 bnmedgdmbd 2E
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agricultural landscape research community. We are excited about strengthening the joint research
community in support of a sustainable transformation of agricultural landscapes acros s the globe.

Frank Ewert (ZALF) and Peter H. Feindt (HumboldtUniversitat zu Berlin); Conference Chairs

Katharina Helming, Viola Kranich, Sibylle Krickel, Bettina Matzdorf, Klaus Muller, Moritz Reckling,
Heike Schobert, Heidi Webber, Sabrina WeinertElena Vinco (ZALF); Local Organising Committee
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Abstract

Farming systems in Europe face accumulating economic, environmental, institutional, and social
challenges. Examples include the impact of extreme weather events, reduced access to markets and
value chains (e.g. due to trade wars, political boycotts or Brexit), less stable and less protective policy
environments, increasing controversies about agricultural mainstream practices, and more recently the
interruptions caused by the COVID19 pandemic. These uncertainties exacerbate demographic issues
such as a lack of successors to enable generational renewal at farm level, and insufficient availability
of qualified seasonal and permanent labour. The compounding challenges raise concerns about the
gdr hkhdmbd ne DtgnodPr e gl hmf rxrsdlr-

The SUREFarm approach is a systematic approach to assess the resilience of farming systems. The
approach consists of the SUREFarm framework and the systematic consideration of regional contexts,
the collaboration of multiple disciplines and the deployment of mixed methods. The SURE-Farm
resilience framework builds on the social -ecological tradition of resilience thinking and defines the
resilience of a farming system as its ability to ensure the pr ovision of its desired functions in the face
of often complex and accumulating economic, social, environmental and institutional shocks and

stresses, through capacities of robustness, adaptability and transformability. Guiding questions in the

SUREFarm approach are: (1) characterization of the farming system O resilience of what? (2)
identification of challenges O'resilience to what? (3) analysis of system functions O'resilience for what
purpose? (4) evaluation of system responses O what resilience capacities? and (5) examination of
resilience attributes O what enhances resilience? The SURE-arm approach was applied to eleven
farming systems which represent different challenges, farm types, agro -ecological zones, produce and
affected public goods.

The presentation zooms in on the farm economic perspective. A liveable income for farmers and farm
workers is one of resilience attributes. For instance, if there is sufficient income, farmers have room to
experiment with production practices which are possibly les s harmful for the environment. Analyses
using the Farm Accountancy Data Network (FADN) panel dataset show that about 75% of the European
farms was short-term viable. However, less than half of the farms was long-term viable. Qualitative
SUREFarm methods confirm that relatively low profitability was perceived as challenging in the majority
of regions. Subsidies from the Common Agricultural Policy (CAP) were found to have mixed impacts.
For instance, findings show that direct payments decreased the probability of being long-term viable in
almost all countries. Also, they constrained farm robustness as measured by the recovery rate, number
of shocks and speed of recovery of farm income. On the other hand, we found that rural development
payments enhanced farm robustness. In most European regions, subsidies did not affect adaptati on
and transformation of farms.
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If current subsidies are not the answer to the needed transformation of farming systems, then what can

be done to enhance the sustainabilty and gdr hkhdmbd ne Dtgnod®Pr chudqr
presentation ends with recommendations for policy makers and farming system actors. They are not

quick fixes.
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Designing Agricultural Landscapes for Biodiversity
and Ecosystem Services

Dourglas A. Landis

Michigan State University, United States of America

Abstract

Sustainable and resilient agricultural systems are needed to feed and fuel a growing human population.
However, the current model of agricultural intensification which produces high yields has also resulted
in a loss of biodiversity, ecological function, and critical ecosystem services in agricultural landscapes.

A key consequence of agricultural intensification is landscape simplification, where once
heterogeneous landscapes contain increasingly fewer crop and non-crop habitats. Landscape
simplification exacerbates biodiversity losses which leads to reductions in ecosystem services on

which agriculture depends. In recent decades, considerable research has focused on mitigating these
negative impacts, primarily via management of habitats to promote biodiversity and enhance services
at the local scale. While it is well known that local and landscape factors interact, modifying overall
landscape structure is seldom considered due to logistical constraints. | propose that the loss of

ecosystem services due to landscape simplification can only be addressed by a concerted effort to

fundamentally redesign agricultural landscapes. Designing agricultural landscapes will require that
scientists work with stakeholders to determine the mix of desired ecosystem services, evaluate current
landscape structure, and implement targeted modifications to achieve desired goals.

Short Biography

Douglas A. Landis is a University Distinguished Professor of Insect Ecology in the Department of
Entomology at Michigan State University. His research focuses on the role of landscape structure in
shaping insect and plant interactions in agricultural landscapes and the implications for pest

suppression and pollination services. He is the author of 168 peer-reviewed journal articles, 25 book
chapters and 58 Extension bulletins.
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1.1 Climate-resilient agriculture: is multi -scale diversification
and land use extensification the key?

Convenors:
Sarah Redlich, Julius-Maximilians -Universitat Wurzburg (JMU), Germany
Maria Hansel, University of Bayreuth, Germany

In many parts of the world, high yield outputs through landscape simplification and intensified
agriculture has come at environmental and societal costs. Previous research has shown that associated
species decline threatens ecosystem functions that farmers rely on, such as nutrie nt cycling, crop
pollination and the regulation of agricultural pests. But the loss of biodiversity and ecosystem services
may also lower the resilience of farming systems against climate change. For instance, genetically
narrow monocultures and species-poor pollinator communities may be unable to adapt to extreme
weather events, respectively causing yield instability and pollination deficits. Invasive pest species
favoured by climate warming may not meet their match within depauperate native natural enemy
communities, requiring increased pesticide application rates to cope with the sudden pest pressure. In
this session we pursue the question whether genetic, crop and habitat diversification and land use
extensification at farm, landscape and regional scale can result in climate-resilient and sustainable
agriculture. We aim to understand how climate, land use and multilevel diversificati on interactively
shape farmland biodiversity, ecosystem services and yields. As linking these drivers has rarely been
done, our session offers the opportunity to present novel research findings that help to develop
strategies for climate change mitigation and regional adaptation of farming systems.
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1.1 Climate-resilient agriculture: is multi -scale diversification and land use extensification the key? )'A
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Agricultural Intensi fication and Climate Change
are Rapidly Decreasing Insect Biodiversity

David Wagnet; Peter Raver?

1 University of Connecticut, United States of America; 2 Missouri Botanical Garden, United States of America

Insect declines are being reported worldwide with most reports coming from western and northern
Europe, where the insect fauna is wellstudied and there are decades of demographic data for many
insect lineages. More recent reports have come from North America and the Neotropics. | will review
common geographic and temporal patterns of losses, the rates of reported declines, and discuss what
these could mean for agriculture, ecosystem services, and ecosystem function. Principal anthropogenic
stressors responsible for insect decline include deforestation and grassland conversion, agricultural
intensification (including pesticide use), global nitrification, climate change, and still others. To mitigate
the effects of the Sixth Mass Extinction event that we have caused and are experiencing now, the
following will be necessary: arrive at a stable (and almost certainly lower) human population, embrace
sustainable levels of consumption, and promote social justice that empowers the less wealthy nations

of the world, where the vast majority of us live.
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Positive effects of different semi -natural habitats in agricultural
landscapes to support wild bee diversity and compensate negative effects
of pesticide use

Justine Rivers-Moore; Emilie Andrieu; Aude Vialatte;Carrié Romain; Ladet Sylvie; Annie Ouin
DYNAFOR, Université de Toulouse, INRAErance

Keywords: Landscape composition, Wooded habitats, Wild-bees, Functional diversity, Pesticides

Wild bees are the most important pollinators and their decline in diversity and abundance is reported
worldwide. The use of pesticides and the lack of resources caused by the simplification of landscapes

are often cited as the main drivers of this dramatic loss of essential auxiliary species. Few studies have
yet simultaneously investigated local and landscape effects on wild bees and pollination in agricultural
landscapes. In this study, we test the following hypotheses: (i) the complexity of the landscape and the
presence of wooded semi-natural habitats like hedgerows or woods around the crop counterbalance
the negative effect of pesticide use on the diversity of wild bees, (ii) landscape composition and farming

practices also influence functional diversity and composition of bee communities, and (iii) bee

taxonomic and functional diversity have a positive impact on pollination potential in agricultural

landscapes.

Our study took place in south-western France, in the LTSER « Vallées et Coteaux de Gascogne », a region
characterized by a mosaic of small woodlands, permanent grasslands and crop fields. To test the
hypotheses, we investigated a data set of 104 cultivated plots (cereals and sunflower) on the edge of
which wild bees were captured once in Spring, using pan traps, between 2013 and 2019. Botanical
surveys were carried out in each plot (weeds), and phytosanitary treatments on the crop were listed over
the year. At the landscape level, the proportions of different types of land use were calculated in two
radii of 500m and 1374m, including different types of crops and semi-natural elements such as
hedgerows, woods and permanent grasslands. Finally, the pollination potential at the field level was
measured at the edge of the crop using phytometers. We built generalized linear mixed-effect models
(GLMM) to test the impact s of landscape and local variables and their interactions on wild bee diversity
at specific and functional levels. We also used RLQ analysis to assess the link between the
environmental descriptors (landscape composition and farming practices in the crop) and wild bee
traits.

We caught 1508 wild-bees of 86 different species during six years of sampling. We found that the
presence of woods in a 500m-radius had a positive impact on wild bee abundance and species richness.
Moreover, permanent grassland proportion compensated for the negative effect of the number of
phytosanitary treatments in the crop on taxonomic and functional diversity of bees. Oligolectic and
small bee species were favoured in heterogeneous landscapes with more semi-natural habitats, and
were absent or underrepresented in landscapes dominated by crops and when local farming practices
were more intensive. None of our studied variables had any effect on pollination potential. This study
may help to better understand how diverse habitats in agricultural landscapes complement each other
to increase wild bee diversity and mitigate the detrimental consequences of agricultural activities.

37



1.1 Climate-resilient agriculture: is multi -scale diversification and land use extensification the key?

Earlier flowering of winter oilseed rape mi tigates higher pest
pressure in warmer climates

Ute Fricke; Sarah Redlich; Jie Zhang|ngolf Steffan -Dewenter

Julius-Maximilians -Universitat Wiirzburg (JMU), Germany

Keywords: Climate warming, land use, oilseed rape, pest control

Background: Global change challenges plants and insects at their current locations [1], yet
consequences for the cultivation of important crops, such as oilseed rape, have not been fully
elucidated. Climate projections predict increases of oilseed rape pest infestation periods and pathogen

incidence, while anthropogenic land use change causes loss of semi-natural habitats, which may reduce
biological control in oilseed rape [2]. However, reports on land use effects on oilseed rape pests and
biological control are partly contradictory [3] and a systematic assessment in different cl imates is
missing. This study aims to elucidate consequences of climatic variation for pest densities and

biological control in winter oilseed rape and to identify landscape characteristics promoting pest

reduction in different climates.

Methods: Twenty-seven winter oilseed rape (OSR) fields were investigated along climate gradients
across Bavaria (range of multiannual average temperatures: 7010°C). At full flowering, plants were
sampled and pest abundance, parasitism and plant damage were assessed. Close 0 crop ripeness,
plants were sampled and dried for yield assessment. Landscape parameters (proportion of oilseed rape,
forest and grassland) were calculated based on detailed land use data.

Results: Preliminary results indicate differences in pest regulation among climates zones. First results

show earlier flowering, higher pollen beetle abundance and damage, as well as higher incidence of
phoma leaf lesions of OSR in warmer compared with cooler climates. Pollen beetle parasitism and stem

weevil abundance and damage were similar across the observed climate gradient. However, crop yields
were not reduced under warmer climate. Earlier flowering went along with higher plant yield despite

higher pollen beetle damage indicating non-linear responses to flowering phenology. No mitigating

effects of landscape composition on climate -dependent increases in pest abundance and damage were
identified. Surrounding landscape composition (300m O2000m) did not affect pest abundances nor

biological pest control in winte r oilseed rape.

Conclusion: Pest pressure of pollen beetles was higher in warmer than cooler climates. Interestingly,
early flowering OSR plants in warm climates yielded higher in those climate zones despite higher pollen
beetle damage, suggesting overcompensation through compensatory growth or reduced damage by
pollen beetles due to already opened flowers. Farmland management and breeding efforts promoting
earlier flowering and regrowth capability may contribute to more sustainable OSR production, but
possible trade-offs with climate -change driven increased risk of late frost damage needs to be taken
into account.
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Cultivating crop diversity across agricultural landscapes
in the United States
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While United States (US) agricultural production has exponentially increased, this productivity has come
at the cost of ecological health and has widened long-standing social injustices. The need for more
sustainable and just agriculture has become urgent, whereby enhancing crop diversity is a crucial step.
On-farm crop diversification encompasses bo th temporal and spatial diversity and has been shown to
support wide-ranging benefits, such as improved pest management and soil health, increased crop
yields and pollinator diversity, and support for alternative seed networks and often undervalued
knowledges. However, there is a critical research gap in understanding the processes of crop
diversification beyond the field scale and across agricultural landscapes, as well as identifying what
constitutes and influences the management of these landscapes. This paper assesses the barriers and
bridges to how and why US agricultural landscapes do or do not become diverse through a multiscale
approach. First, we estimated a series of random forest regression models for nine distinct regions in
the US to identify factors that are associated with agricultural diversity and how these factors vary
across regions. We used a novel panel dataset constructed from several open-source databases for all
counties in the coterminous US for the most recently available Census years (2012 and 2017). Predictor
variables included six themes: 1) farm(er) characteristics, 2) farm inputs, 3) land use, 4) assistance and
income, 5) soil characteristics, 6) climate. Response variables measured agricultural land use diversity
through three metrics, computed using only the agricultural land pixels from USDA NASS Cropland Data
Layer and aggregated for each county. We then compared variable importance for response variable
categories to illustrate broader lock -ins within which farmers operate and make land management
decisions. Second, we conducted in-depth, semi-structured interviews with 15 conventional and organic
e qldgr "mc 02 jdx hmengl  msr Ol diversenandspopdugtive clbster of n Pr
eight agriculturally -dominant counties. Through these interviews, we identified 1) how and why farmers
enact temporal and/or spatial strategies to maintain crop diversity, and 2) barriers and bridges to
alternative diversification strategies. We employed open and closed coding to ass ess emergent trends
"bgnrr e gqldgrP khudc dwodghdmbdr ~mc khmjdc sgdr
Through both approaches, we found that farm inputs, land use characteristics, and climate were the
strongest predictors of agricultural diversity overall. However, the importance of these factors varied
widely across regions, representing spatially explicit dynamics that both promote and inhibit
diversification. Further, farmers face a suite of localized and structural constraints to manag ing current
crop diversity, as well as envisioning and enacting alternative diversification strategies. In particular, the
need to balance on-farm demands (e.g., labor) with sociopolitical pressures and cultural norms (e.qg.,
market prices and commoditycons q - bsr ( khl hsr e gl dgrP ~ahkhsx sn
and beyond their field boundaries. Ultimately, this study contextualizes qualitative inquiry within large -
scale, geospatial data trends to advance our understanding of how to enhance crop diversity within
current agricultural landscapes and, eventually, a more sustainable US agrifood system.
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Increasing the Resilience in Swiss Agricul ture using Agroforestry Systems

Sonja Kay;Felix Herzog

Swiss federal centre of excellence for agricultural research (Agroscope), Switzerland

Producing food and feed while protecting the environment and increasing climate -resilience O'is that
possible? OYes, and agroforestry is one option, combining agriculture and woody elements on the same
land. Adding trees to agricultural land reduces temperature and water evaporation while improving
micro-climatic conditions and soil water holding capacity. In addition, agroforestry can mitigate carbon
emissions whilst at the same time reducing the negative effects of climate change on crops and
agriculture. These systems harness agricultural ecosystem services and reduce environmental impacts
(e.g. nutrient and soil losses).

The Swiss agricultural policy has set itself ambitious goals: reduction of the environmental impact,
higher added value through stronger market orientation and an increase in operational efficiency.

However, like many places in Europe, Switzerland has not managed to abate environmental pollution
from agricultural activities (nitrate surplus, loss of biodiversity, etc.) to the desired levels. Against this
background we (1) identified areas affected by environmental deficits in Swiss farmland; (2) propose

agroforestry systems which can contribute to improving these negative environmental impacts, an d (3)
estimate the potential of agroforestry systems to capture carbon and mitigate climate change.

Our results are based on eleven national deficit maps for the environmental sectors of biodiversity,
landscape, climate, air, water and soil. All indicators were spatially aggregated into a heatmap of
farmland environmental deficits, according to which three or more defici ts occur simultaneously on
13.3% of the farmland. Due to their diverse design and application possibilities, agroforestry systems
offer a high solution potential in arable farming, animal husbandry as well as in specialized crops such
as fruit and wine growing. They can be established as rows of trees in arable fields, short rotation trees
or shade/fodder trees for animals. Converting these 13.3% of farmland into agroforestry systems could
offsetupto13%ne sgd ~f ghbt kst q-g&semissibrs whijessimultargealslyreghancingd
climate resilience and environment.

We conclude that agroforestry has the potential to both mitigate and adapt to the challenges of future
climate change and secure an unremitting, sustainable, and climate-smart agricultural production. The
use of the aggregated maps and the major potential offered by agroforestry systems will enable to
develop strategies geared to local conditions and to environmental targets.

40






1.1 Climate-resilient agriculture: is multi -scale diversification and land use extensification the key?

Understanding the effects of landscape complexity on natural pest control:
potential and limitations of applying gener ic models to local case studies
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1 Helmholtz Centre for Environmental Research QUFZ, Germany; 2 Technische Universitat Dresden, Germany

Keywords: Agro-ecosystems, natural pest control, non-crop habitats, landscape complexity

The functioning of agro -ecosystems and the associated provision of natural pest control is undermined
by historic and ongoing simplification and intensification of agricultural | andscapes. The need to ensure
the stability of agricultural production against pest outbreaks, which are predicted to increase in
frequency due to climate change, is leading to a continuous increase in input intensity (i.e. pesticides
application). This goes in sharp contrast with the shift toward a more sustainable agriculture aimed in
the context of the European Green Deal, and in particular with the targeted reduction in pesticides usage
by 2030. Managing agricultural landscapes to support farmland biodi versity in general and populations
of ecosystem services providers (i.e. natural enemies) in particular is therefore a key element to enable
the achievement of the objectives set by the European Union.

Non-crop diversification has been long recognized as a favorable strategy to support natural enemies.
Non-crop habitats within the agricultural landscape act as supplemental food resources, nesting
locations and overwintering sites for such organisms. Not only the presence but also the spatial
configuration of non-crop habitats is increasingly suggested to influence the final provision of pest
control service. So far only few studies have tried to develop spatially explicit models at the European
scale that link landscape complexity (i.e. landscape composition and configuration) to the presence of
natural enemies and to the provision of natural pest control. Moreover, it is still open whether these
available generic models are applicable to local case studies.

Further advancing in this direction, we have applied in different locations across Europe an existing
model (Rega et al., 2018) that allows the calculation of a Pest Control Potential Index based on the
presence and configuration of various types of semi -natural habitats (e.g. herbaceous and woody, linear
and areal habitats) within the landscape. The model has been applied using high resolution land use
maps. The ranking of the pest control values resulting from the index calculation has been subsequently
compared with the ranking of in-field natural pest control observations compiled in a recent meta -
analysis (Martin et al., 2019) and collected at the same locations in Europe. The purpose of the analysis
is to verify to what extent variations in natural pest control provision across systems can be modelled

considering only landscape properties, or if models should also consider other factors at the local scale

(e.g. crop diversification, management intensity).

Our presentation will discuss the potential and limitations of generic state -of-the-art approaches for
modelling natural pest control at the local/regional scale and provide an outlook how these could be
used to develop local management plans for a sustainable agricultural production that meets the
targeted reduction in pesticides usage.
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Land cover and climate changes drive regionally
heterogeneous increases in US insecticide use

Ashley Larsent; Sofie McComb?

1 UC Santa Barbara United States of America; 2 University of British Columbia, Canada

Global environmental change is expected to dramatically affect agricultural crop production through a
myriad of pathways. One important and thus far poorly understood impact is the effect o f land cover
and climate change on agricultural insect pests and insecticides. Here we address the following three
questions: 1) how do landscape complexity and weather influence present-day insecticide use, 2) how
will changing landscape characteristics a nd changing climate influence future insecticide use, and how
do these effects manifest for different climate and land cover projections? and 3) what are the most
important drivers of changing insecticide use? We use panel models applied to county-level agriculture,
land cover, and weather data in the US to understand how landscape composition and configuration,
weather, and farm characteristics impact present -day insecticide use. We then leverage forecasted
changes in land cover and climate under different future scenarios to predict insecticide use in 2050.
We find different future scenarios O'through modifications in both landscape and climate conditions O
increase the amount of area treated by ~4020% relative to 2017, with regionally heterogeneous impacts.
Of note, we report large farms are more influential than large crop patches and increased winter
minimum temperature is more influential than increased summer maximum temperature. However, our
results suggest the most important determinants of future in secticide use are crop composition and
farm size, variables for which future forecasts are sparse. Both landscape and climate change are
expected to increase future insecticide use, yet better understanding of future crop composition and
farm economics is necessary to effectively predict and mitigate projected increases in chemical pest
control.
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Can shelterbelt trees reduce evapotranspiration and ecophysiological
stress of grapevines? OA transcontin ental experiment in the
Western Cape, South Africa and Lower Lusatia, Germany
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In the context of ongoing climate change and increasing population, there is an urgent need to optimize
the water consumption of surface and groundwater in agricultural production. In recent years, intensive
irrigated viticulture and horticulture have faced increasing demand pressure in many water -limited areas
including the Western Cape Province in South Africa. It has also been shown that the number of
consecutive dry days between precipitation events has increased in the Western Cape. Increased
temperatures imply increased evaporation as a result of increased vapor pressure deficits, which in turn
may reduce soil moisture and the availability of water resources in the long term. Shelterbelts of trees
and agroforestry are often used to reduce water demands as an eco-engineering measure directly
influencing soil evaporation and crop transpiration. How effectively could agricultural landscapes be
redesigned through the introduction of specially designed obstacles to airflow, via significant impacts
on the near-ground wind field? And how especially the surface energy budget, together with the local
temperature and wind regime is influenced? Objectives of our experiments are (i) to evaluate the extent
of impacts of wind speed from shelterbelts at canopy level in crop species and (ii) to assess shelterbelt
effects at leaf level (including leaf temperature and related ecophysiological performance) in irrigated
vineyards. Experiments are underway in the Winelands of Stellenbosch, South Africa, and comparative
studies on the interaction between microclimatic an d ecophysiological conditions are also carried out
on a vineyard in the post-mining site in Lower Lusatia. It is hypothesized that the proximity of tree
shelterbelts reduces vineyard evapotranspiration, leaf conductance, and photosynthetic capacity. The
quantum efficiency of photosystem Il and stomatal conductance of leaves were measured to test for
effects of shelterbelts on leaf Hevel performance. Preliminary results indicate that shelterbelts
significantly enhance the physiological function and photosynt hetic performance of vines.
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Mitigating future reactive nitrogen losses to the environment through
farm level management practices
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The emissions of reactive nitrogen (Nr) into the environment through fertilizers lies at the heart of
conventional intensive agricultural production systems. In the future, the contribution of agricultural
land to Nr emissions will change under a warming climate because climate change contributes firstly
to altered growing conditions (changes in precipitation and temperature), and secondly to shifting
circumstances surrounding the political framework that support agriculture mitigation and adaptation
policies, and finally to impacts on global markets and therefore to altered farm gate prices. The extent
and magnitude of these combined impacts to Nr losses into the water, soil and atmosphere are not yet
known. The NitroClimAT project evaluates and provides a cost estimation of agricultural management
strategies for Austrian agricultural systems that are able to minimize reactive nitrogen (Nr) losses to
the environment under future climate and future socio -economic and policy scenarios.

For this research, an ntegrated modelling framework (IMF) for simulating Nr losses into the

environment under future changes has been developed. The IMF consists of a biophysical process
model (EPIC), an economic land use model (PASMA[grid]), and two hydrological models (MONERS and
SWAT) that are loosely coupled to quantify economic costs, crop selections, crop spatial allocation,
crop yields, and Nr stocks and flows from agricultural systems.

The IMF was applied to all of Austria using the aggregated MONERIS model and to 3case-study
watersheds, each in a main agricultural production region using the more process-based SWAT model.
In all applications, the IMF was applied to a reference period (198102000) and as well as using a suite
of scenarios including 4 climate simulatio ns (204102070), and different socio-economic and policy
framework conditions.

The IMF quantifies the regional agricultural production volumes and gross margins as well as the related

regional N balance by determining the Nr input, the total nitrogen (TN) and NO3-loads into water bodies
and NOX, NH3 and N20O emissions into the atmosphere. Various agricultural management practices
targeted at increasing the N-use efficiency and reducing Nr losses will be considered. The economic
trade-offs between different N management options and indicators such as agricultural gross margins

(i.e. including production volumes, prices, and costs) as well as Nr losses to surface waters and
atmosphere will be evaluated.

The result of the research will be a ranking of agricultural management strategies for specific

agricultural systems that minimize future Nr losses to the water, soil and atmosphere, together with an

economic value of the losses and a quantification of the uncertainty of the simulated Nr losses under

future scenarios. The outcomes of the research will assist regional adaptation of farming systems by

determining strategies at farm level that reduce Nr losses into environment and that are socio -
economically acceptable for farmers.
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SESSION 1:
CROPPING AND GRASSLAND SYSTEMS

1.2 Follow the shift! How research can be part of
transformation in agricultural practice

Convenors:

Ralf Bloch, Eberswalde University for Sustainable Development(HNEE) Germany
Charlotte Kling, Eberswalde University for Sustainable Development(HNEE) Germany
August Bruckner , Eberswalde University for Sustainable Development(HNEE) Germany

A shift in agricultural practice is required to meet current and future challenges toward s a climate-
resilient and sustainable agricultural landscape.

However, traditional agricultural landscape research is sometimes not closely linked with decision

Il " j hmf ogqgnbdrrdr hm ~fghbtkstqgqd+ mdhsgdg ~s e ql dgq
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with recommendations for action based on its findings, the actual implementation often take place after

the research process has ended.

Hence, the activities, how recommendations manifest in practice, are mostly not evaluated and not
regarded as an outcome or part of the process.

Transformative research uses methods that can handle complexity in agricultural multi -actor systems.
It promotes resilience by adaptation and empowerment of all actors by creating a participatory and
impact-oriented setting right from the beginning. Transformation research approaches enable
academia and farmers equally to jointly work as co-researchers using an interdisciplinary mixed method
approach, combining for example social and natural sciences, and generating problem and
transformative knowledge.

We cordially invite you to contribute to this session focusing on prerequisites for impact -oriented
science-practice dialogue to enable a shift towards transformation in crop systems and how
fundamental research can be used effectively in this interplay.
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The three freedoms required by trans formative agricultural research
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environmental crises are becoming ever louder. Responding to this, and to the growing severity of global
threats to agricultural and food systems, national and international research funders are increasingly
demanding that funded projects achieve real-world transformation of farming systems towards true
sustainability and resilience. This development is not only a new funding opportunity for researchers.
Because separating the roles of knowledge generation and knowledge exchange with practice will often
fail to achieve the necessary transformation, (at least some) researchers will need to engage in this
transdisciplinary process of transformative agricultural research. As a consequence, the roles of these
researchers need to shift towards stronger integration in farming practice, and deeper exchange with
practitioners, adding a new key role to teaching and research. We argue that meeting the goals of the
mission of transformative research in agriculture requires three essential freedoms. First, researchers
need to be free to engage in this transformative research. This entails a freed mindset, which enables
researchers to leave behind traditional roles, e.g. for true knowledge exchange, codesign of projects,
and learning from farmers. In addition, there needs to be a stronger appreciation for transdisciplin ary
and transformative research in the research community, accompanied by a reduced pressure to perform
in other currently dominating assessment categories. Second, farmers need to be free to engage in this
process as well. Again, this requires an open mindset, e.g. to engage in, and learn from collaborative
research, but also available funds and time to engage in the process. Third, transformative agricultural
research needs freedom in the project structure and in administrative rules. This includes the
permission to fail and to tolerate errors, so that the people involved in the process are able to learn from
mistakes. In addition, this is required so that projects are not set up to avoid risks, and can really be
transformative and contain innovative eleme nts. Finally, funders will need to show trust in the parties
and to reduce administrative burden. Within this framework we discuss the success factors and
limitations of transformative agricultural research using examples from various recent national and
international projects.
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Concepts to include farmers as co -researchers Othe living lab approach
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A key characteristic of current and future challenges towards a climate -resilient and sustainable

agricultural landscape is their complexity, that leads to difficulties in implementation of scientific

findings in agricultural practice. The im plementation of new strategies in nutrient management on

organic farms is such a complex challenge due to regional differences in perception and soil resources

r vdkk “r hmchuhct "k oqdqgdpthrhsdr R and eo-regdarch- Sgc

mdsvnaqj eng cdudknoldms ne mtsqghdms | " m fdldms hm
khuhmf k> a ° b&lagdonh(2014) andh Rosecekak (PA@&) gnd aims i) to derive region

specific nutrient management advice for organic fa rms from scientific findings in field trials (nutrient

management research), ii) to ensure implementation of these advice through group motivation and

enable an exchange of expert knowledge in Field Schools (transformative research), iii) as well as to

evaluate key methods, roles, competences and resources for an implementation-oriented co-research

process (process research).

3
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accompanied by a regional consultant and a group of scientists on a joint level. All actors are involved
in the co-research process to varying degrees depending on the stage of the process and can take on
different roles. Process steps are ideation, development of the experimental questi on and design, trial
implementation, data analysis, interpretation of data and implementation and transfer of results. The

living lab character is especially addressed in the structure of the co-research process for conducting
ehdkc sqgh’ kre hong nsigddb s2 Mtrs ghhsMdesdr bghadr ~ kd™ gmhmf r x

The co-research concept allows to take different experimental designs into account, namely field trials
with a demonstrative character that provide methodological skills for farmers and pre -test results as
well as field trials with spatial and temporal repetitions that meet scientific requirements. In order to
reduce the scientific framework conditions to such an extent that, on the one hand, scientifically valid
results and, on the other hand,the highest possible feasibility of the experiments by the farmers can be
guaranteed, so-called regional and network trials are being tested in NutriNet. The concept is based on
taking randomization and spatial repetition into account by repeatedly settin g up the trial at several
locations. In order to take environmental influences (soil, climate) into account, the possible sites are
divided into groups according to site characteristics by using a cluster analysis. By involving not only
one but many farmers throughout the whole co-research process and enabling exchange among them
in Field-Schools, methodological training and implementation of findings are addre ssed as a part of the
research.

After one year of field trials two regional trials with ten and seven farmers were set up as well as one
network trial on thirteen farms in four regions. Methodological evaluation of the process led to
adjustments in experimental design, data collection and coordination between experts that are
implemented in a new series of network trials starting in autumn 2021.
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Inspiring ¢ hange in agricultural practices
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An international group of 15 organic and biodynamic farmers have collaborated since early 2015 to
develop their own strategies and learning concepts to increase health on their farms. After jointly
formulating ten core statements as their own practical principles for managing healthy farming
systems, they went on to develop a training strategy to transfer this knowledge about promoting health
on organic farms, describing a co-learning concept to collaborate with their peers in a long-term
process.

Most suitable, appropriate methods and optimal conditions were discussed for successfully spreading

such complex tacit knowl edge among other farmers, and crucially, for invoking change in behavior. One
core concept emerged as being most critical for success Oh mr ohg> shnm- Hs v ' r

sgd
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motivate trials with new methods, or adopt a new perspective or philosophy for managing their farm.
They described that it was not only the reading about different techniques, or seeing new machinery in
action during a farmer field day O'the actual spark that triggered their own action was in most cases
personal interaction. The personal exchange and inspiration among peers, who have established a
sound level of trust, who share their experiences, as well as passions and failures seemed to be most
likely the key element of farmer learning.

This was particularly true for learning and enhancing soft skills, such as intuition, gut -feeling or self-
reflection O'all essential skills for running healthy organic farms according to the f armer group. The
farmers of this project series have attributed great value to learning with and from each other during a
co-learning process, in particular when the group is regularly stimulated by and collaborating with
interdisciplinary researchers who are embedded in this co-learning process. We could therefore
conclude that not only participatory -/action research or multi -actor approaches, but agricultural
research in general benefits from a deep connection and understanding between researchers and
farmers, to successfully inspire change in practices, and the adoption of new philosophies and
perspectives that trigger long lasting transformation.
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Multi -actor exploration of transformative pathways
for the cooking banana value chain in Uganda
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important commercial value to farmers. Yet, challenges along the value chain persist, including
declining soil fertility and limited cooperation amo ng value chain actors. Transition towards a more
sustainable system is desirable. Perceptions of various stakeholders on the desired future system may
differ. In this study, we combined participatory, ex ante impact assessments with actual implementation
of interventions to plan, assess and discuss potential pathways leading to a desirable future for the
banana value chain in Uganda.

Interdisciplinary, mixed methods were employed: a participatory visioning and back-casting workshop
with value chain actors in southwestern and western Uganda led to the development of a shared vision
on the future of the banana value chain and the steps needed to reach that vision. Stakeholders selected
one intervention for direct implementation. The intervention and other pot ential changes discussed in
the workshop were used in a scenario analysis, to quantitatively assess their effects under different
plausible futures. Results were fed back and discussed with the same stakeholders. A qualitative ex-
ante assessment was held to discuss expected impacts and perceived differences between groups of
stakeholders. A second round assessed how the expectations were met with the intervention.

The intervention, a training on Integrated Soil Fertility Management (ISFM) and improving access to a
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company which recently released a bananafertilizer. During the training, farmers were connected to
their local agro-dealers. The training and demonstration notably increased demand for the banana-
fertilizer. The effects of ISFM were assessed in an /ntensification scenario, against four other scenarios
(Baseline, Marginalisation, Business-as-usual and Transformation), on the indicators food self-
sufficiency, farm gross margin, nutrient balances and labour demand. Food self-sufficiency and gross
margin both increased as a result of ISFM, but with increased labour demand as trade-off. Bananas
require large potassium (K) inputs, but nutrient balances for K remained negative while nitrogen (N) was
oversupplied. In Transformation we therefore balanced nutrition, with K offtake completely
compensated with mineral fertilizer and N coming from organic sources only. The relatively favourable
K-balance in Marginalisation resulted from reduced yields in this scenario.

The scenario analysis indicated that the nutrient composition of the banana -fertilizer may need to be
reconsidered. In turn, this may have effects on the costs of the blend. The deliberations led to a common
interest of researchers and private sector to explore an improved blend. The feedback session focused
on the potential to achieve desirable targets in each scenario, and trade-offs including increased
investment costs and labour requirements.

The ex-ante assessment showed differences in perceived benefits of the intervention between men and
women, which resulted in an additional training on gender aspects related to ISFM.

The participatory and impact -oriented approach helped researchers to adjust the scenarios to improve
local relevance, stakeholders to foresee consequences of certain decisions, and a joint planning of next
steps towards a desirable future, including information sharing with higher -level policy makers.
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The role of research and extension
to foster agroforestry scaling-up in Colombia
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Agroforestry systems (AFS) have been recognized as sustainable land management strategies that
integrate trees within farming systems. Some examples include home -gardens, silvopastoral systems,
and other shaded tree-crop systems. These systems have been proven to contribute toward resource
use efficiency, assurance of livelihoods, and biodiversity conservation, mainly based on case study
research and field experiments. This has drawn considerable attention to scaling -up these systems.
However, the literature suggests that this process will not be achieved by promoting few agroforestry
practices or arrangements that have been successfully tested. Instead, the process needs to consider
the complex interactions occurring within agroforestry systems and between them and the environment,
the varying biophysical conditions of sites, and the specific socio -economic needs and traditional
knowledge of farmers. In this study, we review the evidence on how effective research and extension
efforts to foster agroforestry scaling -up have been in Colombia and then explore fow innovative
approaches for research and extension can address the limitations that emerge. We use a multi-method
approach that includes institutional document analysis, questionnaires with AFS professionals using
the ScalA tool, and semi-structured interviews with AFS farmers. Although AFS have been integrated
into planning instruments of the environmental and rural development portfolios, AFS professionals and
farmers perceive that agencies in charge have limited efficiency or physical absence to support them.
AFS have also not effectively integrated into the formal curricula of future agricultural researchers and
extensionists. AFS scaling-up is a challenge for research and extension since it involves a
comprehensive and complex view of agricultural systems and landscapes. AFS scalingup efforts are
encouraged to tailor research and extension programs to local circumstances using farmer -centered,
community -based, and social learning approaches to dealing with the complexity of AFS.
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In the broad spectrum of the shift towards sustainable agriculture, agroecological transition is widely

targeted by policy guidelines and addressed by farmers in western Europe. Among the most known
transformative factors, there are plant breeding, the achievement of nitrogen autonomy, crop
diversification, and agricultural equipment. Insofar, the latter appears to be widely neglected in the
literature. The availability of suited machinery and implements might be the simplest prerequisite for

developing and deploying agroecological farming practices and cropping systems. This to decrease the
existing gap between the design of equipment and of farming systems. In this vein, protein production
raises specific challenges for the cropping systems.

The main goal of this study is the achievement of a shared perspective between farmers and machinery
manufacturers. This study is contributing to the design of an analytical framework for the adaptation
of equipment to the agroecological transition for legume crops. Our case study is in northern France
(Hauts-de-France region), characterized by large crop farms (27400 farms with an average area of 78.5
ha which is 1.4 higher than the national average) and engaged in the quest for protein autonomy.As so,
we will focus on the availability of agricultural equipment for forage legumes in the region. It will require
involving multiple agricultural actors concerned by the agroecological transition, especially from the
agricultural equipment sector.

We carried out two parallel actions. On one hand, we retrieved all the institutional and commercial
structures in the region based upon documents available online to map the actors in the region and the
possible interactions between them. On the other hand, we carried out an exhaugtive inventory of all the
166 dealers in the region as experts to describe the available agricultural equipment for local farmers.
The output of these two actions of information will be an integrative knowledge base. To study the
interactions between these actors, as well as to check the equipment availability and their adaptation
to agroecological transition, we conducted about 20 semi -directive surveys.

The main result will be a mapping of stakeholders and a catalogue of available equipment as an
intermediate object to represent the sector considering all its complexity, thus mixing agronomic and
social sciences towards a shared perspective.
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Alternative crops for a climate -smart
food production system in Switzerland
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Agricultural covers an area of 14.817 km2 in Switzerland (35.9% of the whole country). The largest part
of this area is thereby used for fodder production in connection with livestock farming, where

Switzerland reaches a very high degree of selfsufficiency (100%). On the downside, livestock farming
contributes substantially to greenhouse gas emissions. Transformation towa rds a more climate-smart
Swiss food system may imply an increase in the share of food crops for regional consumers. To achieve
this, farmers would have to extend their portfolios of food crops for cultivation O'ideally on the basis of
crops that are well-adapted to changing climate conditions and have high nutritional value.

The aim of this study was thus to evaluate possible alternative crops (1) with regard to their climatic

suitability for cultivation at selected sites across the agricultural zones of Sw itzerland, and (2) with
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with several food composition databases. Results indicate persisting and even increasing climatic yield

potential for 2 086 alternative crops, depending on local climate conditions. The results of this study can

provide an important decision -basis for innovative farmers willing to experiment with alternative crops,

thus initiating developments towards a climate -smart transform ation of the Swiss food system.
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Assessing sustainability of farming system s with a new method
integrating ecosystem services indicators
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In the 21st century, consumers are more and more concerned by health, sanitary quality and agricultural
sustainability issues. To support the design and development of sustainable farming systems,
numerous indicators and sustainable assessment methods have been proposed since the 90s. A broad
review of 262 methods assessing environmental sustainability showed that most methods were based
on environmental indicators assessing impacts (nitrate losses, greenhouse gas emissions, etc.) and
included very few indicators of ecosystem services (pest regulation, pollination, water storage and
release, etc.). Ecosystem services can be mobilized by farmers to better benefit from the ecological
processes of the agricultural ecosystem and reduce their anthropogenic impact. To help farmers in this
way, we built a new multicriteria assessment method based on environmental impact indicators,
ecosystem services indicators and economic pe rformances indicators. The structure of the method is
inspired from the conceptual framework of the MASC method based on a wide range of sustainability
themes covering environmental impacts, economic and social performances, and integrating additional
themes addressing ecosystem services. Themes are assessed by predictive indicators to enable ex
ante and ex post evaluation. This type of indicator also has the advantage of being able to trace the
cause-effect relationships (Bockstaller et al., 2015). The spatial scales chosen are for the spatial
resolution the cropping system and for the spatial extent the geographical area covered by an
agricultural cooperative in the Aube department in East of France. Concerning the temporal scales, the
evaluation will be conducted at the scale of the cropping year for the temporal resolution and the crop
rotation for the temporal extent.

A first step was the creation or selection of new indicators to add at the conceptual framework of the
MASC method. For instance, we haveintegrated ecosystem services indicators such as carbon storage
or pest regulation. The second step will be the application of the method to a farm sample of the
agricultural cooperative and its validation. This step will allow us to study if there are syn ergies or
antagonisms between the environmental impacts, ecosystem services and economic performances,
and to identify whether there is an effect of farm localization on the results.

The output of this research project will provide to advisers and farmers of the cooperative more insights
in the sustainability of farms, and avenues to farmers who wish to improve their practices by integrating
ecosystem services in their decision (e.g. water quality regulation) and for society (e.g. regulation of the
global climate).
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Since the end of the 20th century, interdisciplinary research approaches have increasingly gained
popularity within academia (Heberlein, 1988). With its mix of novel approaches, holistic systems
thinking has challenged so-called classic disciplinary research concepts. Meanwhile, sustainabi lity
researchers have admitted to the fact that interdisciplinarity is a must to tackle current environmental
and societal issues (Lach, 2014). Interdisciplinary research groups emerging at universities or private
organisations attempting to push this coop eration between disciplines forward. In parallel, new
academic education programmes are offered, that mix theories and methods of various disciplines (e.g.,
master programs in sustainability science, environmental management, or ecosystem services). When
entering academia from these programs, candidates find it increasingly difficult to position themselves
within a certain research field, giving their mixed education. Especially early-career researchers face
challenges when trying to orientate themselves in the context of an interdisciplina ry working group
(Haider et al.,2018).

In our research, we set out to illustrate the challenges that early-career researchers are facing, based on

their educational background. Therefore, we invited early-career researchers working in the exemplary

field of landscape science to take part in a quantitative online survey. In total, more than 50 respondents

provided insights into their backgrounds, challenges and benefits of interdisciplinarity, perception of
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one field that is dependent on interdisciplinary approaches, we investigated, where challenges lie when

bridging from classic disciplines to interdisciplinary w orking, where the differences lie, and how this
Teedbsr nmdPr vnqj - Vd bk hl sg ' s egdptdms dwbg ™ m
experienced in interdisciplinary approaches are crucial for developing and conducting cross -cutting and

impactful research. Furthermore, shared understanding, exchange, and collaboration between
disciplines are necessary to learn skills, achieve shared knowledge, and harness opportunities for
interdisciplinarity. Overall, working interdisciplinary appears to be a deliberate decision that is mostly

based on interdisciplinary academic education. Thus, we conclude that promoting innovative research
approaches such as interdisciplinarity needs an educational background that balances the
understanding of classical scientif ic methods, with the understanding of socio -ecological system

thinking. Finally, we argue for the numerous benefits of entering interdisciplinary research in an early

stage of academic education. When guided well, early-career researchers can contribute with innovative

mindsets to overcome rigid thinking patterns dominating science and practice.

References:

Haider, L. J., Hentati-Sundberg, J., Giusti, M., Goodness, J., Hamann, M., Masterson, V. A., Meacham, M., Merrie, A.,
Ospina, D., Schill, C., Sinare H. (2018). The undisciplinary journey: early-career perspectives in sustainability
science. Sustainability Science 13 (1): 1910204. https://doi.org/10.1007/s11625 -017-0445-1

Heberlein, T. A. (1988). Improving interdisciplinary research: Integrating the social and natural sciences. Society &
Natural Resources 1 (1): 5016. https://doi.org/10.108 0/08941928809380634

Lach, D. (2014). Challenges of interdisciplinary research: reconciling qualitative and quantitative methods for
understanding human-landscape systems. Environmental management 53 (1): 88093.
https://doi.org/ 10.1007/s00267 -013-0115-8.

56


https://doi.org/10.1007/s11625-017-0445-1
https://doi.org/10.1080/08941928809380634
https://doi.org/10.1007/s00267-013-0115-8




1.2 Follow the shift! How research can be part of transformation in agricultural practice
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The transition from shifting cultivation to perennial crop cultivation is observed in many regions across
the tropics, to meet environmental and socio -economic challenges. In some areas, small-scale farmers
have engaged in crop diversification through agroforestry, a practice that enables production for self -
consumption and income, while coping with environmental constraints and heterogeneity. This is the
case in a zone of Vavatenina commune of Madagascar, where the Betsimisaraka small-scale farmers
have abandoned the traditional shifting rice cultivation on hills (tanety) in fav or of agroforestry, mainly
based on clove tree cultivation. These different tanety land uses shape complex agricultural landscapes
that seems to result from various types of agroforests. Despite the major interest Vavatenina original
landscapes may have from a sustainability perspective, its composition and spatial structure have not
been studied so far. However, the high heterogeneity of these landscapes, at different scales (the plot,
the village territory, the commune), raises methodological challenges. Similarly, scale related
environmental factors, such as topography, slope and proximity to the road, appear to play on this
heterogeneity, and thus required to be identified and their effect assessed. Our study applied an original
method to meet this chall enge by combining a landscape spatial analysis with a participatory mapping
of agroforests. First, we described the composition and spatial organization of agroforestry at two
scales, from that of agroforests in the landscape to that of species within agro forestry plots. Second,
we analyzed the effects of topography and isolation level on the landscape and agroforests
heterogeneity. We used a remote sensing method to quantify the proportion of the different tanety land
uses, and analyze how agroforestry especially fits into the landscape and according to which
environmental determinants. Then, we applied a participatory mapping method to study the spatial
organization of species in 17 agroforests in a village of the study area. This method gave data on the
species richness and the species associations in micro -zones related to topography. The results of the
remote sensing analysis highlighted 10 different classes of tanety land uses, including more or less
dense diversified agroforests, cloves tree and wood tree plantations. The results also indicated that the
type of agroforests, the proportion of space they cover, and their insertion in the landscape differ very
strongly between the localities of the study area. It seems that, while some areas have engaged
massively in diversified and complex agroforestry, this is not the case in other nearby areas, where other
less sustainable land uses seem to be favored (e.g. monoculture). The analysis of participatory maps
showed that farmers managed between 8 and 22 species in their agroforests, and that they associated
and spatially distributed these species according to topography. The combined results obtained with
both methods contribute to better understand the heterogeneity of landscape and agroforests and its
determinants. This approach would be of interest for supporting agroforestry transitions in other areas
where farmers already engaged in such practices, to make a diagnostic of existing agroforestry and
identify where and how support could be brought in priority.
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Sustainable intensification (SI) of low input, rainfed farming is promoted as a key strategy to i mprove
the livelihoods and food security of smallholder farmers in southern Africa. It has been argued, however,
that due to the increasing frequency and severity of droughts (Conway et al., 2015), irrigation will be a
prerequisite for sustainable yield improvement and stability for many smallholders (Cassman and
Grassini, 2013). A key question is, to what extent is this feasible for smallholder farmers in the region?
Restricted access to water and irrigation infrastructure necessitates the investigation of alternative
management options suited to smallholder systems. Using the Limpopo province South Africa as a case
study, we combine qualitative survey data (140 households) and detailed quantitative agronomic
measurements and observations (116 georeferenced on-farm plots) O'data collected from five villages
across a climate gradient O'to understand production limitations in maize -based smallholder systems.
Participatory agronomic measurements included soil characteristics (e.g. CN ratio and texture) and

management aspects such as weed type and soil cover, as well as maize planting density and yield.
While quantitative data led to a well-grounded understanding of biophysical production limitations,

qualitative insights into the current adaptation methods used and those that farmers considered useful
ensured further investigations addressed questions asked by the farmers this research serves.
Combined insights from the interviews and detailed on -farm observations were used to benchmark the
agro-ecosystem model APSIM. Simulation runs were set up for different levels of input, including the
status quo (no irrigation, zero to low fertilisation, little weeding, no pest management, and low plant
densities), and a combination of advanced practices that involved the application of irrigation (around
200 mm), fertiliser (50 kg ha-1 at sowing), improved weed management, and optimal planting density
feasible for the smallholder systems studied. An additional scenario investigated the impact of weather

forecast-aided decisions on input use O surveyed farmers expressed a special interest in weather
forecasts to help guide their season-specific cropping practices and risk management.

Overall, input intensity levels were low or nonexistent. Farmers from all villages expressed similar
challenges to adapt maize cultivation to climate variability. Survey results showed that farmers adjusted
sowing time and planting density according to rainfall and perceived risk. Most farmers lacked
knowledge about drought avoidance measures, and only very few had access to water for crop
irrigation. Existing irrigation systems relied solely on groundwater accessed via boreholes, many of
which had dried up.

Simulation results showed that irrigation alone could increase maize grain yields, although this varied
for each village (two ton ha-1 increase across all villages under current management practices).
Seasonal forecasts were linked with investment in mineral nitrogen fertiliser and seeds, e.g. fertiliser
application based on rainfall projections. Such seasonspecific recommendations proved highly
productive, especially when looking past absolute yields alone.

This case study implements a novel method of linking qualitative and quantitative data to ensure the
assessment of Sl in smallholder cropping systems is guided by a combination of farmer insights and
agricultural science, creating transformative knowledge and sustainable impact.
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Insect diversity and abundance are decreasing with negative consequences for important ecosystem
services. Especially changes in cultivation practices, often summarized as intensification, are discussed
as major drivers of insect decline. Recent agri-environmental schemes fail to counteract the declining
trends as a) ecologically effective measures proposed by ecologists are rarely implemented into
farming practices; b) insect -friendly management plans often fail to consider the landscape context
which can substantially affect the effectiveness of implemented measures.
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demonstrate innovative and effective agricultural cultivation practices at the landscape scale that
sustain, support and increase diversity, biomass, and ecosystem services of insects.

In 2021, we launched a longterm transformation process within three 3x3 km size ALLs across
Germany. In a codesigning process that involved researchers and stakeholders, especially farmers,
locally adapted insect friendly measures were compiled and are being implemented. Measures are
designed to diversify crop rotations, mainly by integration of renewable resources into cropping plans,
increase the amounts of suitable insect habitats and habitat connectivity, increase and diversify the
availability of resources, support cultivation systems via innovat ive methods of integrated pest
management, as well as to decrease disturbances of soils and insect mortality in general. Measures are
implemented in both, productive and non-productive areas. Geodata and modelling tools were used to
evaluate the baseline situation and provide a scientific basis for management plans on the landscape
scale.

The impact of the transformations on insect populations and ecosystem services are monitored and
evaluated using a BACHdesign. The monitoring scheme we developed is suitable for assessments on
the landscape scale. In parallel, the economic viability and the social acceptance of implemented
measures are evaluated by an interdisciplinary research team.

The status of the ALL-landscapes will be repeatedly evaluated to feed the ongoing iterative co-designing
process that aims to refine the implemented insect friendly measures and management plans towards
an insect-friendly agricultural landscape. By involving stakeholders actively in the research process and
acknowledging economic and social realities, we seek to increase the probability of innovative
agricultural cultivation practices to be accepted and implemented beyond the boundaries of the
research project.
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Nitrogen and phosphorus limits maize productivity, especially in the West-Africa sub-Saharan zone. It is
therefore necessary to know the contribution of these nutrients, and their optimal combination to
maximize maize productivity and its resource use efficiency. This study aims to identify the optimal
combination of nitrogen and phosphorus fertilizer using microdosing technique for maximum crop
productivity, nutrient and water use efficiency. The experiments were conducted at the Agricultural
Research Station of Northern Benin during the 2018 and 2019 seasons, and parameters such as maize
grain and stover yields, nutrient and water use efficiency were evaluated. Four nitrogen rates (urea: 0,
25, 35 and 45 kg N hal) and four phosphorus rates (triple super phosphate: 0, 4, 8 and 12 kg P hal)
were tested on drought tolerant (TZE-Y POP STR) and droughisensitive (DMR ESR W) maize varieties
with 90 days cycle. The results show that the above-ground biomass and the leaf area index were higher
under N35 and P8 fertilization compared to the other treatments. Grain yields increased by 95% and
122%for the treatments N25 and N35, and by 28%and 53%for the treatments P4 and P8, respectively,
compared to the NOPO control (without fertilizer). However, grain yield was higher and similar for the
combinations N25P8, N35P4 and N35P8. Drought tolerant maize variety had the best yield performance
which was 11%to 34%higher compared to drought sensitive variety. In short, micro-dosing with N35P8
under drought tolerant variety has best yields, nutrients use, and water use efficiencies. N35P8 under
drought tolerant variety can be a good adaptation strategy in the present context of climate change,
though more trials must be conducted to test this combination in smallholder farms.
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Especially under the prospective changes in environmental conditions, as expected for the ongoing

climate change, agricultural resilience to drought can be enhanced by appropriate water management
measures. To this end, crop-soil system models can be an efficient way of predicting the impact of
management practices and therefore, contributing to decision -making processes. Water balance

models can vary in the way they define the soil-plant-atmosphere system, where some emphasize on

plants as a mediator of soil and atmosphere and others focus on the soil -atmosphere interaction per

se. The objective of this study was to analyse irrigation recommendations from two models with

different functio ning principles and compare them with real-time field measurements. By a combined
experimental and simulation study, we focused on generating and comparing irrigation
recommendations from: Hermes2Go, a process-oriented, agroecosystem model, which simulates the

water- and nitrogen-dynamics between soil-plant-atmosphere and WEBBEREST, a webased, irrigation-
scheduling model, which also simulates crop growth depending on evapotranspiration and water
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their resulting simulations of daily soil water availability, crop water uptake, and crop growth were used

for inter-model comparison and for an empirical comparison with field measurements of crop water

uptake and final yield. The actual agricultural implementation and monitoring employed the
experimental site at Marquardt (near Potsdam, Germany) over a vegetation period of two years,
considering two different crops (silo maize and winter rye) grown under four fertil ization treatments

with four replicates (a total of 16 plots, each of size 20m x 8m). Preliminary results showed that in most
situations, both models overestimated the amount of water to be applied compared to conventional

irrigation recommendations based nm oq bshshnmdqgqrP dwodgshrd- Hmengq
conditions and crop phenology seemed insufficient and therefore, a gradual, real-time calibration

around irrigation dates and amounts was adopted. While the two models responded sensitiv ely to
changes in irrigation amounts and fertilization treatments, the on -site measurements were more diverse

when grouped by soil texture classes. The study also provided insights on the irrigation potential
implications for alleviating water shortage and heat sensitivity of different crops, while maintaining a

certain degree of nitrogen uptake sufficiency as a consequence of water availability. The findings of this

study corroborated the need foratradecnee adsvddm | ncdkr P hqgqhfictualhnm
agricultural implementation through real -time model calibration, leading to a series of adaptation
scenarios for forthcoming risk assessments.
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Using a Parish Level Approach to continually inform
Dynamic Nutrient Management

Frances Siobhan Ryart; Kairsty Topp?; Christine Watson?; Marc Metzger?; Sarah Buckinghan®
1 The University of Edinburgh, United Kingdom; 2 Scotland's Rural College (SRUC), United Kingdom

Keywords: Nutrients, Policy, Agricultural Parish

The implementation of the EU Nitrates Directive (91/676/EEC) in Scotland has led to the development
of Nitrate Vulnerable Zones (NVZs) in catchments where freshwater is expected to exceed 50 mg NO3/I
(Scottish Government, 2014). The success of the policy has been measured by benchmarking nitrate
concentrations in surface water over time. It is often challenging to relate surface water nitrate
concentrations directly to farm nutrient management practice. However, it is important for future policy
making to understand what changes in farm management h ave led to observed changes in nitrate in
surface waters. Here we take a new approach using existing data on land use and combining it with
data collected on farm and from national statistics to address changes in nutrient management in
agricultural catchm ents over time. In terms of water quality, most studies focus on nitrogen (N) and
phosphorus (P) but we also include potassium (K) because of its relevance to productivity.

In this work, a nutrient budgeting approach which uses agricultural parish (municip ality) level data has
been developed. Data used to produce the parish nutrient budgets were drawn largely from government
datasets at a range of scales for example, the June Agricultural Census (JAC), and the British Survey of
Fertiliser Practice (BSFP) aswell as, non-governmental but publicly available data. Farmers were also
surveyed to provide farm data such as cropping patterns or livestock numbers and consequently these

data were used to cross-reference findings gained through secondary data. The Ythan hydrological

catchment is a typical example of an agricultural catchment in Eastern Scotland and is part of one of

the first hydrological catchments to be designated as a NVZ in Scotland (Domburg et al., 1998;
Raffaelli, 2000). We selected eleven agricultural parishes in the catchment covering cropping and

grassland systems and calculated N, P and K budgets pre and post the introduction of the NVZ.

This work has shown that nutrient balances for N (kg N ha-1 yr-1) have largely decreased between the
pre and post NVZ implementation periods, in response to a reduction in applications of inorganic N
fertiliser. In addition, nutrient balances have shown that P and K deficits have been experienced in some
agricultural parishes. It was also identified that better use of excreta in some agricultural parishes post -
NVZ could support a further reduction of inorganic P and K use. Moreover, another outcome is the
methodology structure itself Othe parish level nutrient budget approach is key.

The work has shown that it provides an opportunity to transform agricultural practice and reduce the

burden on policymakers and farmers, by linking agricultural management to nutrient surpluses and
deficits. It is beneficial because the method re -uses data that is already collected by government. To
conclude, the approach has the potential to be used beyond the research period, integrating farmer data
and giving farmers a purpose in the process.
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1.2 Follow the shift! How research can be part of transformation in agricultural practice

Participatory knowledge mapping as a basis of decision making
for sustainable agrarian land use systems

Mehwish Zuberi; Michael Spies; Henryk Alff; Christoph Raab; Aksana Zakirova

Eberswalde University for Sustainable Development (HNEE), Germany

Keywords: Participatory knowledge mapping, social -ecological systems

Agricultural systems world -wide are facing an increasing level of uncertainty and risk in light of
unprecedented climate and environmental change. The ecological challenges for agrarian sectors are
further complicated by social factors such as growing world population and an expanding demand for

biomass-based products. Formalized knowledge structures can benefit from approaches that
consolidate informal local knowledge networks in understanding social and ecological change related

causal chains (Teng6 et al., 2013). This is especially relevant for the research-policy interface
concerning sustainable agrarian system management.

As part of the junior research group TRANSECT, which investigates the socialecological effects and
interdependencies of agrarian transformations in Central and South Asia, a framework for knowledge
mapping on sustainable land use systems is under development. We aim to bring together knowledge
from local land users and other relevant stakeholders to develop future policy scenarios related to bio -
based economy in the agrarian sector and to critically assess their so cial and ecological consequences
on the ground. Our proposed framework is inspired by previous experiences with the MARISCO method
(Ibisch and Hobson, 2014; www.marisco.training ), a methodology for the adaptive management of risk
and vulnerability, developed at the Center for Econics and Ecosystem Management in the Eberswalde
University for Sustainable Development. This approach has been applied in various projects of natural
resource management as a tool that allows the collection of complex and diffused knowledge from
different sources, and to structure, evaluate, and prepare for the development of integrated solutions.
The visual presentas hnm ne dwhrshmf jmnvkdcfd hm sgd enql
ignorance, and the systemic identification of knowledge gaps and risks are central features of MARISCO
method (Ibisch and Hobson, 2014).

While the original methodology provides an established and proven toolbox for evaluating the ecological
dimension of complex socio -environmental challenges, our inspired methodology elaborates on the
social dimension of environmental and societal threats as well as policy interventions, for which we find
it crucial to put a stronger emphasis on equity. In contrast to the more ecosystem -focused MARISCO
method, a central feature of our approach is a socially differentiated analysis that distinguishes between
different social groups or strata w hen evaluating social (and ecosystem) services and the (social)
impact of stresses or threats.

We will introduce and elaborate on our proposed participatory and socially differentiated approach for

knowledge mapping on sustainable land use systems with il lustrative examples from experiences in

Central Asia. As our current experience shows, a key challenge in designing and implementing such
approaches is to take social-ecological complexity seriously while keeping the method manageable for

regular workshop settings with out overburdening participants.

References:

Ibisch, P. L., Hobson, P. R.(eds.) (2014). MARISCO: adaptive MAnagement of wlnerability and risk at conservation
sites. A guidebook for risk-resilient, adaptive and ecosystem-based conservation of biodiversity. Eberswalde:
Center for Econics and Ecosystem Management.

Tengo, M., Malmer, P., Brondazio, E. et al. (2013). The multiple evidence base as a framework for connecting diverse
knowledge systems in the IPBES. Stockholm Resilience @ntre (SRC), $ockholm, Sweden.

64


https://www.marisco.training/

LA

SESSION 1:
CROPPING AND GRASSLAND SYSTEMS

1.3 Knowledge Synthesis to obtain robust scientific evidence
on the impacts of crop diversification

Convenors:
Marta Pérez-Soba, European Commission Joint Research Centre
David Makowski, INRAE, Paris, France

Crop diversification is promoted to increase biodiversity while providing various ecosystem services,
through different practices such as crop rotation or intercropping. Unfortunately, the diversity of crops

is being lost at an alarming pace mainly due to the intensification of agriculture. As a result, scientists

and policy makers around the world have a renewed interest in promoting crop diversification. However,
there is still a lack of sound scientific evidence to d etermine the best diversification strategy (e.g.,
intercropping, agroforestry, rotation) and the level of diversification required (e.g., number of crop
species in a rotation) to achieve tangible environmental and climate impacts. Knowledge synthesis is a
rapidly developing research field in both the environmental and health sciences for evidence based
policy. This session will illustrate novel applications of knowledge synthesis methods, such as

systematic literature reviews, meta-analysis, evidence map, £xt mining, to obtain robust evidence and
identify knowledge gaps, about the impact of crop diversification practices on biodiversity, environment,

and climate change. We will discuss their advantages and limitations, particularly to match the short
term demands of policy with the best available scientific evidence. All contributions presenting the

results of knowledge syntheses regarding one or more diversification strategies are welcome in this
session.
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1.3 Knowledge Synthesis to obtain robust scientific evidence on the impacts of crop diversification

The impacts of Agroforestry on climate, environment and crop yield:
scientific evide nce from multiple meta -analyses

Marta Pérez-Sobal; David Makowski2; Andrea Schievanot

1 European Commission, Joint Research Centre;2 INRAE, AgroParisTech, Université ParisSaclay, France

Identifying sustainable agricultural practices for policy development requires a rigorous synthesis of

scientific evidence based on the experiments carried out around the world. Meta-analysis (MA) has
become a reference method of quantitative research synthesis, and the number of MAs published in the
field of agricultural science has increased markedly over the past two decades. The growing number of
MAs available gives us the opportunity to provide agricultural policy -makers with the evidence they need
to make decisions based on large number of available results. Here, we propose a methodological

framework for assessimf e  ql hmf oq bshbdr a>rdc nm " m 2tl aqo

framework includes six steps: 1) search available systematic reviews or meta -analyses; 2) select using
exclusion criteria; 3) identify impacts on climate, environment and crop yield a ssessed in the MAs; 4)
full text analysis; 5) data extraction for each type of impact; and 6) reporting. We illustrate this
framework for agroforestry. The search returned 57 systematic reviews, from which w finally selected

33 MAs assessing the impacts of agroforestry on several key environmental outcomes (biodiversity,
carbon sequestration, soil nutrients, soil erosion, reduction of pests and diseases, pollination, water
retention) and on crop yield. The systematic review of the MAs provides strong evidence for an overall
positive effect of agroforestry on the climate and environmental impacts, when compared to land use

without trees (i.e., croplands and pasturelands). However, when compared to forests, the evidence
shows a negative effect of agroforestry on carbon sequestration and biodiversity. Results obtained on
crop yield are variable. The proposed framework can be implemented quickly, within timeframes
compatible with the demands from policy makers, while limiting the risk of bias in impact assessment s
of agricultural practices.
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The impact of crop, farming and agric ultural diversification
on food security in low - and middle-income countries:
Where is the evidence?

Katharina Wahat; Francesco Accatino?; Cecile Goddé€; Cyrille Rigolot?; Jessica Bogard?;
Joao Pedro Domingues?; Elisabetta Gotor3; Guillaume MartinZ; Daniel Mason-D'CroZ;
Francesco Tacconi!; Mark van Wijk}; Mario Acosta Herrero?!

1 CSIRQ Australia; 2 INRAE France 3 Alliance Bioversity-CIAT;4 ILRI

Diversity and diversification in agricultural systems are often presented in the literature as having
benefits for multiple purposes such as enhancing resilience, increasing food production and decreasing

risks in production systems and is often postulated to benefit food and nutrition se curity in low- and
middle-income countries. Our study aims to provide an overview of the potential for agricultural

diversification to improve food security status as reported in 87 research articles analysing the diversity -
food security relationship. We consider results for different scales, from individual to global and for

different food security dimensions: availability, access, stability and utilisation.

We carried out a literature review that includes exhaustive, comprehensive searching. We search for
peer-reviewed publications in the Web of Science core collection (v.5.32) written in English, between
2010 and February 2020 on the association between diversity in agricultural systems and at least one
dimension or measure of food security. From the original list of articles we exclude all publications that
(1) focus on a study area outside a low-to middle income country; (2) did not include at least one metric
of farm-, regional, or global-level diversity as specified with the search terms; (3) did not explicitly
measure at least one food security dimension, or (4) were exclusively focussed on describing drivers
and trends in diversity or food security.

We find 328 diversity-food security relationships analysed in 87 research articles using one or more
statistical modelling approaches. About half of them are positive (54%) and mostly refer to the diversity -
food access relationship on the individual, household and farm scale as this was the food security
dimension and spatial scale most analysed. Of all results for food access 60% were positive
relationships and only 4% were negative relationships with the remainder having no or ambiguous
relationships. Twenty-nine studies used household dietary diversity as a measure of food access and
10 studies used at least one food access indicator validated as a proxy for nutrient adequacy. Positive
relationships were more often reported for food availability (65%) than for food utilisation (33%) also
because for food utilisation there are a lot of mixed findings for different measures of anthropometric
and nutritional status. The most common spatial scale assessed was the household and farm scale
(58%).

There is no food security dimension that primarily has a negative relationship with agricultural diversity
but there is a considerable number of relationships that are found to be neutral or ambiguous. Diversity
can be an important driver of social and environmental outco mes and of food security, but the
magnitude of the contribution depends on the broader socio -economic and biophysical characteristics
of the local farming system. We conclude that farmers mostly see diversification as a potential strategy
to improve livelihoods, agricultural production and/or food and nutrition security where other strategies
are more expensive but not as a desirable characteristic of the agricultural systems at all costs
especially in the presence of other strategies that can achieve the same outcome.
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Research topics in crop diversification research at the landscape level:
early evidence from a text mining approach

Davide Rizzo; Elisa Marraccini

UniLaSalle- Beauvais, France

Keywords: Agricultural landscapes, review

Crop diversification has many benefits both at the cropping system and the food system levels and has
been addressed in agricultural research (Hufnagel et al., 2020). Landscape design and management in
agricultural regions can support crop diversification by building bridges with scientific domains like
ecology and geography (Benoit et al., 2012). Though, little is known on how the research community has
addressed crop diversification from a landscape perspective. In this paper we investigated a
bibliographic corpus retrieved from the Scopus database papers coupling crop diversification and
landscape (in title, abstract and keywords), retrieving 461 papers for the period 1990 to 2020. The
corpus was analysed using the CorText platform (e.g., RuizMartinez et al., 2015). First, natural language
processing was used to extract multi -terms from title, abstract and keywords. Then, we mined the
temporal dynamics and co-occurrence of the 100 most frequent terms. Our findings showed that
species richness emerges as the main topic in this corpus and that natural enemies, crop types and
natural control increased in importance. In the last years, genetic diversity, climate change and
agricultural production also gained attention. On the contrary, land use and some of the terms related
to diversity (landscape, plant and farmland) were marginal or decreasing. By analysing the terms co-
occurrence on the three decades, we observed that the papers addressing crop varieties and
agroforestry system split into two streams: one ab out agricultural production in relation to climate
change and the other about farm size and land use. Instead, the functional diversity and field margin
disappeared from recent literature. Land use patterns and landscape diversity converged mainly on
studies about biological pest control. Altogether, the corpus highlighted that the spatial configuration
lost importance when addressing crop diversification. In addition, the species diversity gained attention
finally catching a large part of the literature in the corpus. From a landscape approach perspective, we
might point out the apparent lack of a major topic: the involvement of local communities and
stakeholders. Our simple and rapid text mining approach yielded early evidence of knowledge gaps
about the landscape level in crop diversification literature. The expected contribution of approaching
the crop diversification at the landscape level would be to provide a relevant framework for the
characterisation of the baseline system to be diversified. In parti cular, the landscape agronomy
perspective stressed the need to define the scale and target area for crop diversification consistently
with (natural and cultivated) species diversity embedded in a local socio -technical system.
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Case study Lower Saxony O'more than 30 years of action against
water pollution with nitrates: all in vain?

Susanne Klages; Karin Reiter;,Claudia Heidecke; Bernhard Osterburg

Johann Heinrich von Thinen Institute, Germany

Research Question: The German federal state Lower Saxony is characterized by intensive animal
production and a large number of biogas plants. The spreading of manure and digestates exerts strong

pressure on water quality. Catch and cover crop(c&c) cultivation is one measure to reduce nitrogen
leaching and run-off. Since the early 90ies, the cultivation of c&c was supported by various schemes.
During 30 years, water suppliers and politicians opted for cooperation and voluntary measures
combined with financial or technical support to increase c&c cultivation. However, drinking water quality

mostly stagnated, despite increasing efforts and costs. We therefore ask whether subsidising c&c as

voluntary measure is a cost-efficient strategy to improve drinking water quality.

Materials and Methods: Various regional reports are available which analyse c&c schemes during the
last decades. We conduct a document analysis and combine our findings with available quantitative
data. We review scientific papers as well as grey literature and reports to thoroughly evaluate the
different programmes, such as cooperations, agri-environmental or greening measures.

Results: C&c cultivation started in water protection cooperations on a voluntary basis, supported by

advisory services. Approximately 15 years later, c&c cultivation was added to the portfolio of agri-
environmental measures (AEMs) as second pillar of the CAP. Since 2015, c&c cultivation became the

most popular greening measure, resulting in a further increase of c&c area. Altogether, implementation
bnrsr “~gqd ghfg vhsg 3-/.00-8.032-6 |hn 3.xd q 'bnr
2015/greening, 276.400 ha in 2015). The particular high subsidy level for c&cs as greening measure

explains by the relation of the greening fee to the total UAA of a farm in case conditions are fulfilled.

After the introduction of the greening, the AEM-scheme was adapted and focussed on winter hardy,
legume-free catch crops with restrict ed fertilization.

With respect to c&c as AEM, Reiter et al. (2016) concluded a low costefficiency and a windfall effect,
as prior to 2017 it was eligible to fertilize cover crops in late autumn Oalso with manure. The reason
why particularly c&cs are popular as greening measure in Lower Saxony also is linked to their good
fitting into traditional cropping patterns. While groundwater quality increased for a while since one
decade this trend reversed.

Recently, with the changes in legislation on fertilization, 24.5% of the UAA in Lower Saxony was
identified as vulnerable area, in which, from 2021 onwards, catch crop cultivation before planting
summer crops is compulsory. Moreover, with the CAP reform beginning in 2023, an enhanced
conditionality includesas 2 F @DB62 sgd gahptaggddmshkehm | nrs rdmrh

Due to pressure from European environmental legislation, a new strategy in Lower Saxony is apparent,
putting stronger emphasis on mandatory, full -coverage measures. Evaluating the rateof c&c cultivation
in Lower Saxony we conclude, that measures like c&c cultivation over winter, which are simple to
introduce and easy to control, are increasingly implemented as mandatory measure to achieve a wider
uptake.
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