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marine, terrestrial and freshwater ecological research, with the 

aim of elucidating how living organisms interact with each 

other and with their surroundings. 

The Netherlands Institute of Ecology (NIOO) is a top research 

institute of the Royal Netherlands Academy of Arts and 

Sciences (KNAW). 

http://www.knaw.nl/


Bio-based economy, Biodiversity and Ecosystem functioning  

 
Type here 



Bio-based economy, Biodiversity and Ecosystem functioning  

 
Jeremy Woods, BBEST august 15: “…we have to embrace complexity..” 

Soil, sediment, water biota are the engines of our 
ecosystems…complexity is inherent to ecosystems and the result of 

billions of years of  evolution …we have to deal with it. 

Effects of Bio-based economy: 
Loss of Biodiversity per se not interesting. 
Traits of species and interactions matter…. 

Disruption of Ecological networks!!! 



BE-Basic: Bio-Based Ecologically Balanced Sustainable Industrial 

Chemistry 

 
BE-Basic is a leading international public-private composed of 

over 25 Parties, running and R&D program of about 120 

million Euro in the period 2010-2015  developing new 

sustainable biobased technologies for the chemical and 

materials industry, energy supply as well as for monitoring, 

controlling and improving the environment and quality of life. 

 

Mission :“To develop industrial bio-based solutions for a 

sustainable society”. 

 

The ambition is to build an international top-level public-private 

consortium on bio-based solutions and to implement these in 

the Dutch industry and society and to provide a global 

outreach of ecologically-balanced scientific-technological 

knowledge and knowhow, through a network of 

international collaborations. 



BE-Basic: Bio-Based Ecologically Balanced Sustainable Industrial 

Chemistry 

 
Flagship 8: Safety and Environmental Impact of Chemicals, 

Biobased Molecules and Processes.  

 

Objective: To develop novel and efficient methods for the 

evaluation and improvement of chemical safety in 

the bio-based economy.  

 

Ecogenomics-based approaches to develop comprehensive 

animal friendly methods for the evaluation of human- and 

ecological safety of chemicals, biomolecules and waste 

streams. 



Assessing impacts of land use for biobased economy on soil water 

and sediment biodiversity, ecosystem processes and services 

 

Monitoring tools at various levels of biological organization 

(ecosystem-community-individual-molecular). 

Central role for microbes supporting all life on earth. 
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Aims subproject 1: Plants, soil quality and reflectance spectra 

Aim a.  

To test how plant/crop species and growth conditions influence 

soil community composition, biodiversity, soil ecosystem 

processes and services.  

 

Aim b. To test applications of the combined plant-soil 

interaction and remote sensing approach to plant-soil systems 

with plant species to be grown as bio-based economy crops. 

Prof. Wim van der Putten (Department of Terrestrial Ecology) 



Sabrina Carvalho 

(NIOO-ITC) 

Concept of plant-soil feedback

Soil community X

Plant species A

-

+
Soil community A

Bad guys > Good guys

Good guys > Bad guys

subproject 1: Plants, soil quality and reflectance spectra 



Exotics: no soil pathogens 

Senecio jacobaea 

(native) 

Senecio inaequidens 

(exotic invader) 



Approach subproject 1 

Compare intensive/extensive soil management strategies and 

fast growing crop plants vs plants with novel chemistry in 

mesocosms. Soils collected from extensively and intensively 

farmed soils (Rutgers et al. 2009; experimental sites of BLGG 

AgroXpertus). 

Microbial diversity assessed using NGS sequencing. 
 



Aims subproject 2: Functional Biogeochemical indicators 

Aim a.  

Inventory of microbial activity, diversity and gene expression in 

wetland systems with varying trophic status and degree of 

pollution. 

Aim b.  

Couple gene expression and abundance to selected 

measurable biogeochemical functions (cycling of methane, 

nitrogen, iron, sulphur) to calibrate the coupling between gene 

abundance and transcription to biogeochemical functioning.  

Aim c.  

Select and test a subset of “indicator” genes for assessing 

effects of biobased production on important biogeochemical 

reactions and greenhouse gas emission from wetland 

ecosystems. 

Dr. Paul L.E. Bodelier (Department of Microbial Ecology) 



Wetland Biogeochemical networks linked to trophic status and 

pollution? 
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Wetland Biogeochemical networks linked to trophic status and 

pollution? 
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Direct link between Methane emission and N-status (trophic status) 

CH4 emission (mg C.m-2.d-1)
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Bodelier et al 2000. Nature 403:421-424 

Methane consumption and emission 

is controlled by N-status of 

wetlands. 



Direct link between Methane emission and N-status 

CH4 emission (mg C.m-2.d-1)
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Methane consumption and emission 

is controlled by N-status of 

wetlands. 

Shannon index
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species composition on functional 

gene basis. 

Bodelier et al. in prep 



Approach subproject 2: Screening using GeoChip 3.0 

57000 gene-probes covering C,N,Fe,P cycles, heavy metals, organic 

contaminants, antibiotic resistance. 



Approach subproject 2: Screening using GeoChip 3.0 

Detection of Functional Microbial Networks (FMN) as proxy for ecological 

interactions. 

Zhou et al 2010. mBio 1(4) e00169-10. 

Elevated CO2 

Ambient CO2 



Approach subproject 2: Screening using GeoChip 3.0 

Compare wetland sediments ( 100 sites) covering a gradient from 

pristine to hypereutrophic (N,P), and polluted selected from existing 

research and monitoring networks in Europe, China, (Brasil)? 



Approach subproject 2: Screening using GeoChip 3.0 

Compare wetland sediments ( 100 sites) covering a gradient from 

pristine to hypereutrophic (N,P), and polluted selected from existing 

research and monitoring networks in Europe, as well as China where 

physicochemical data of the respective sediments are available.  

Validate mRNA based GeoChip data with traditional techniques; CLPP 

(Biolog), methane oxidation and production, nitrification and denitrification, 

sulfate reduction. 



Approach subproject 2: Screening using GeoChip 3.0 

Compare wetland sediments ( 100 sites) covering a gradient from 

pristine to hypereutrophic (N,P), and polluted selected from existing 

research and monitoring networks in Europe, as well as China where 

physicochemical data of the respective sediments are available.  

Validate mRNA based GeoChip data with traditional techniques; CLPP 

(Biolog), methane oxidation and production, nitrification and denitrification, 

sulfate reduction. 

Select indicator genes (central Hubs in FMN) for Biogeochemical 

Diagnostic QPCR assays. 



Approach subproject 2: Screening using GeoChip 3.0 

Compare wetland sediments ( 100 sites) covering a gradient from 

pristine to hypereutrophic (N,P), and polluted selected from existing 

research and monitoring networks in Europe, as well as China where 

physicochemical data of the respective sediments are available.  

Validate mRNA based GeoChip data with traditional techniques; CLPP 

(Biolog), methane oxidation and production, nitrification and denitrification, 

sulfate reduction. 

Select indicator genes for Biogeochemical Diagnostic QPCR assays. 

Bio-based case study. International cooperation? 



Approach subproject 2: Screening using GeoChip 3.0 

Compare wetland sediments ( 100 sites) covering a gradient from 

pristine to hypereutrophic (N,P), and polluted selected from existing 

research and monitoring networks in Europe, as well as China where 

physicochemical data of the respective sediments are available.  

Validate mRNA based GeoChip data with traditional techniques; CLPP 

(Biolog), methane oxidation and production, nitrification and denitrification, 

sulfate reduction. 

Select indicator genes for Biogeochemical Diagnostic QPCR assays. 

Bio-based case study. International cooperation? 

Private partners: BioClear, Deltares. 



Aims subproject 3: Nitrifiers as bio-indicators 

Aim a.  

Draw genetic stress response maps of the nitrifying bacterium 

Nitrosomonas europaea and link the mounting of a stress 

response to inhibition of nitrification.  

 

Aim b.  

Apply the stress response maps developed in model system to 

screen for the presence of stress factors in bio-based crop 

fields and their catchment water bodies. 

Prof. Riks L. Laanbroek (Department of Microbial Ecology) 



Nitrifiers as bio-indicators 



Nitrifiers and (Bio-based) environment 

Figure created by Michael Pidwirny at Okanagan University College 



Approach subproject 3: Stress response by genome analysis 

N. europaea Cy3-gDNA 

N. winogradskyi Cy5-gDNA 

N. europaea Cy3-aRNA 

N. winogradskyi Cy5-aRNA 

Di Lorenzo and Laanbroek, in prep. 



Approach subproject 3: Stress response maps and sentinel genes 

Stress response maps under controlled stress in laboratory 

cultures (e.g. metals, bio-based chemicals). Select “stress 

response genes” as sentinel genes. 

 

Apply the stress response maps developed in model system to 

screen for the presence of stress factors in bio-based crop 

fields and their catchment water bodies. 

 

Deployment of cultures in situ in diffusion chambers. 



Aim subproject 4: Cyanobacterial transcriptomics as early warning systems 

Aim a:  

Build a genome wide transcriptome database of the toxic 

cyanobacterium Microcystis with emphasis on genes involved 

in microcystine production.  

 

 

Aim b: To develop a new, fast and convenient tool to assess 

the growth and microcystine production potential of 

cyanobacteria at early, pre-bloom stages. 

Dr. Bas W. Ibelings (Department of Aquatic Ecology)  



Cyanobacteria and (Bio-based) environment 

Fertilization leads to blooms of toxic algae with large 

consequences  for quality of surface waters. 



Toxin production linked to N/P status of surface water 

Fertilization leads to blooms of toxic algae with large consequences  for quality of 

surface waters. 



Approach subproject 4: Cyanobacterial transcriptomics as early warning systems  

Selection of platform for experiments (oligonucleotide arrays, tilling arrays, RNA seq.) 

Gene expression studies in laboratory exposing Microcystis to a range of 

environmental variables selected from a literature study. 

Selection of subset of transcripts to construct a condensed information chip 

(CICHIP) for use by watermanagers to detect presence of stressors (e.g. derived 

from Bio-based production/agriculture) and its impact on toxin production. 

Plant Physiology, March 2011, Vol. 155, pp. 1445–1457 



Envisaged results overall project  

Tools to assess the environmental consequences of a bio-

based economy in a cost-effective way. 

  

Assessment tools minimise negative and maximize positive 

effects on the crop production system including the soil and 

the adjacent aquatic ecosystems. 

 

Improve the knowledge of how biobased economy influences 

soil/sediment/water biodiversity and how that relates to 

sustainable delivery of ecosystem goods and services.  
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Challenges in environmental impact assessment 

Use of (microbial) Bioindicators:  

Focusing on effects on single species will not give us information on ecosystem 

functioning. Ecosystems are about Ecological interactions and networks and it will  

be a challenge to create a “simple” costs effective assay to monitor effects on 

interactions.   

Functional Biodiversity:  

BEF research is moving on from species richness to traits and functional 

relationships. For microbial communities in soil/sediment/water assigning “traits” 

and functional relationships to “species” and  groups of species is still digging in a 

black box. Omics makes a lot possible. The biggest challenge will be to standardise 

omics techniques in a way that one habitat or sample can be reliably (unbiased)  

compared to another. This “robustness” is a prerequisite before these tools can be 

incorporated in sustainability analyses.   


