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EDITORIAL
Dear Readers
We are pleased to present you the third
edition of the “Water4Crops” Newsletter.
‘Water4Crops’ is the acronym for
“Integrating Bio-treated Wastewater
Reuse and Valorization with Enhanced
Water Use Efficiency to Support
the Green Economy in Europe and
India”. Water4Crops is a Euro-India
coordinated research project, co-funded
by the Department of Biotechnology,
Government of India and the European
Commission, addressing a crucial issue
facing the world - Water and wastewater
reuse and management.
The present edition will
provide you with actual
information on the
project progress, research
findings and observations
made especially at its
case study sites. Other
upcoming project events
and announcements
are also furnished in the
sections below.

progress in the work packages. Articles
provided by responsible partners such
as VITO, IRSA-CNR, UNIBO, CEH, CER,
ALTERRA, IRSTEA, ICRISAT, TERI, and
MSSRF depict meaningful topics from Olive
Mill Wastewater valorization, Optimisation
of Constructed Wetlands to Field-Based
Phenotyping. Besides detailed insights at
project research activities, this newsletter
informs on internal project events such
as the INNOVA platform meeting helping
to optimize and evaluate the proposed
combinations of biotreatment and
waste water reuse from a perspective of
supporting green growth.

The objective of the
newsletters is to open
the project to public and
private stakeholders
diffusing our scientific
research results with a
problem-solving approach

The objective of the newsletter is to
open the project to public and private
stakeholders, diffusing our scientific
research results with a problem-solving
approach, and contemporarily stimulating
a discussion with the enlarged audience of
the end users by informing them on critical
problems of waste water management.

We hope you will
enjoy reading
this edition. You
are welcome to
have a closer look
into the works
of Water4Crops
at our web
portal, www.

water4crops.org.
Enjoy your reading!
Water4Crops Team

The 3rd edition of newsletter highlights
“Water4Crops” current research and
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Water4crops 2nd EU-India Joint Meeting - ICID2015 Conference
In the framework of ICID 2015, Water4Crops organized its “2nd EU-India Joint Project Meeting” on 15th& 16th October, 2015 at
Montpellier, France
The project presented the most recent developments and activities performed during the last years. The partners were encouraged
to exchange and analyse information on current progress of the project and future
plans were made to increase the mutual integration within W4Cs EU and with W4Cs
Indian consortiums.
Besides, the Water4crops partners actively participated in the ICID conference
“Innovate to improve irrigation performance”organized by the French Association
for Water, Irrigation and Drainage (AFEID), and held in the cycle of the International
Commission of Irrigation and Drainage (ICID). The core objective was to provide
analysis and to exchange experiences with a wide community of international
irrigation experts. The conference focused on innovations in irrigation that were
promoted by decision-makers or initiated by local actors. The processes and results
of adoption and adaptation were analysed as well as their outputs and performance.
The event provided an opportunity for W4C partners to interact and network
with International experts representing Premier Indian and European research
organizations.
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Current research and progress in the work packages
EU-Work Package 1 by Helene De Wever, VITO, Belgium
Work Package 1 of the Water4crops project targeted the valorization, treatment and reuse of Agrofood industry wastewaters through
a cascaded approach. Integrated processes were developed after yielding
▶▶

valuable chemicals, either originally occurring in the wastewater (e.g. polyphenolic compounds) or obtained by a targeted
biotransformation of the wastewater organic matter (e.g. organic acids or bioplastics (PHA)) and

▶▶

Effluents suitable for irrigation purposes, due to their nutrient content.

Here we report the salient results for 3 research lines.

1. Combinatorial polymers for the specific recovery of valuable phenols from
olive mill wastewater
This part of the Water4Crops project was dedicated to the development of novel highly cross-linked polymers allowing the specific
recovery of high added-value phenolic compounds from olive mill wastewater. FHNW, in collaboration with INOFEA, have been
working on a new class of polymers exploiting the ability of Cyclodextrins to bind efficiently aromatic molecules. Cyclodextrins are
basket-shaped cyclic oligomers of glucose; they are widely used in pharmaceutical and agro-food applications for their ability to
complex small organic molecules into their cavity. In the frame of the Water4Crops project, a series of polymers have been designed
and tested for their ability to “fish out” valuable phenolic compounds from olive oil mill wastewater. For instance, FHNW demonstrated
that a polymer produced using ß-cyclodextrin and 1, 4-phenylene diisocyanate (PDI) can efficiently bind tyrosol that, in turn, can
be released and recovered from the polymer. In Figure 1 are shown a scanning electron micrograph of the produced polymer, and
the chromatograms of the olive oil mill wastewater before being filtered through the cyclodextrin-based polymer (CDP) and after
desorption from this CDP.

Figure 1. Scanning electron micrograph of cyclodextrin based polyurethane and HPLC-DAD chromatograms of phenolic compounds before (A) being filtered through CDP and after
release (B).
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From those results, one formulation has been selected to be up
scaled by INOFEA. To overcome some issues related to the scale-up,
INOFEA changed few parameters and improved the synthesis using
non-toxic solvent, reducing the amount of catalyst, and reducing
the reaction time and temperature of reaction. In collaboration with
FHNW, binding assays of the polymers produced at intermediate
scale were performed in order to evaluate their binding performances
and showed that the produced cyclodextrin-based polymer retained
its efficiency for the selective adsorption of polyphenolic compounds.
In parallel, SIMA-Tec developed an automated pilot plant equipped
with a fixed bed reactor with the following attributes: two fixed bed
reactors in serial line, but separately usable; possible regeneration
of the polymers with two different eluents, but separately usable Figure 2. Photography of the pilot plant built by SIMA-Tec for the specific recovery
of phenolic compounds equipped with two fixed bed reactors and two automated
and storable in two reclaim tanks; possibility of rinsing of the fixed samplers.
bed reactors with e. g. water to avoid blockages, automated loading,
sampling, regeneration and rinsing. In Figure 2 is shown the pilot plant built by SIMA-Tec upon the specification of FHNW.
The polymer designed by FHNW and produced by INOFEA has been tested on the lab-scale reactor produced by SIMA-Tec. A
complete protocol has been developed and allowed the specific recovery of tyrosol compound with 61% purity and to 71% for the
two phenolic compounds: tyrosol and hydroxytyrosol. It has been shown that recovery can be optimized through the use of solvent
gradient. The method even allows the reduction of chemical oxygen demand level in the olive mill wastewater by 15 times making
them relevant for crop irrigation.

2. Valorization and treatment of biorefinery wastewater through the carboxylate
platform: production of medium chain fatty acids from thin stillage
VITO aimed to develop a profitable and integrated concept for the valorization of biorefinery wastewater (BRW) to valuable chemicals
through the carboxylate platform. In this platform, organic feedstocks
are converted to volatile fatty acids (VFA) using undefined mixed
cultures in engineered systems under anaerobic conditions.
The first step of the integrated concept consisted of VFA production
from BRW. The aim was to maximize VFA production and to steer
VFA production to one major product, since both are a prerequisite
for efficient VFA recovery. To ensure maximal carboxylate levels,
undiluted thin stillage was selected as a feed. During continuous
fermentation tests, run for over 2.5 years, maximum VFA levels of
20 g/L, corresponding to 35 g COD/L, were reached at a hydraulic
retention time of 15 d and a pH of 4.9. The mixture contained one
major product (10 g/L propionate), as desired from a separation
perspective.

Figure 3. Membrane-based reactive extraction system, tested in Water4crops.

The second step in the integrated concept was to generate higher added value products from VFA. This can be achieved through
chain elongation of VFA into medium-chain fatty acids (MCFA). In our experiments, MCFA production could directly be achieved from
thin stillage in a single stage setup rather than a 2-stage approach, which is interesting from an economic point of view. The MCFA
level depended on the VFA concentration range and composition. Interestingly, valeric acid was the main MCFA.
Because some inhibition effects can be expected at elevated VFA-MCFA levels, an in-situ product recovery (ISPR) step was integrated
in the bioconversion process. Removing the inhibitory products while they are produced, can alleviate inhibition effects and increase
productivities. Membrane-based reactive extraction (MBRE) with Aliquat 336 and 1-octanol as extraction system was selected
as recovery technique. Integration of MBRE with the fermentation system (Figure 3) without an intermediate filtration step was
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successful when using a sufficiently high membrane surface area. The total organic acid level in the fermenter gradually decreased
after multiple integrated tests. The operational conditions also allowed to introduce some selectivity in the acid removal process.
MCFA - which are known to become inhibitory at lower concentrations than VFA - were preferentially removed from the fermentation
broth and transferred to the organic phase.
The last step of the integrated concept for BRW valorization consisted of post-treatment of the effluent towards a reuse quality
suitable for irrigation. Before the effluent from the acidogenic reactor can be used for irrigation purposes, nutrient ratios, COD
levels and salinity need to be adjusted. Dedicated investigations are required to study the potential effects on soils and plants,
and to define the required additional treatment steps. At least an anaerobic digestion step needs to be implemented after the acid
production stage. The benefit of our approach is that direct anaerobic digestion of thin stillage (only focusing on energy generation
and already demonstrated elsewhere) is replaced by a two-stage concept in which the first step is targeting the production of added
value chemicals. Such evolution is perfectly in line with the trend towards cascaded biorefinaries.

3. Olive mill wastewater valorization through an integrated biorefinery process
Given the high production of olive oil (3.3 ∙106 t/y worldwide in the 2013/14 season) and the high OMW/olive oil ratio (7-8 m3OMW/
tolive oil), olive mill wastewater (OMW) production is extremely large: 23-26∙106 m3OMW/y are produced in Mediterranean, where 98%
of the world olive oil production is concentrated. OMWs represent a major environmental concern due to their high COD content
(20-60 g/L), high toxicity and bad smell. The high PC content (0.1-18 g/L) inhibits seed germination and plant growth and changes the
physicochemical and biological soil properties. For these reasons, although OMWs have traditionally been discharged directly in the
olive tree fields, most countries have recently banned this practice, thus imposing OMW treatment. Task 1.4 of the Water4Crops project
is thus dedicated to the valorisation of OMWs by developing a reliable and cost-effective process for the extraction of polyphenols
(PPhs) and for the biological production of polyhydroxyalkanoates (PHAs) and biogas from the dephenolized OMW, with the final
aim to produce an effluent suitable for irrigation.
The first step of the proposed biorefinery consists in polyphenol separation by adsorption. With regard to this, two alternative
approaches were developed. The first one, carried out by the University of Bologna (Italy), is aimed at the production of PPh mixtures
by means of adsorption on selective resins. Different types of polymeric resins were tested, including both adsorption and ion exchange
resins. The best results were obtained with Amberlite XAD 16, a hydrophobic, nonionic, crosslinked adsorbent polymer with a high
surface area and an aromatic structure. The Bologna team developed at small pilot scale (1 L plant) a semi-continuous adsorption
/ desorption process and optimized the operational conditions in terms of superficial velocity, temperature and desorption solvent
(acidified ethanol). The latter was fully recycled by means of vacuum distillation. Numerous repeated adsorption / desorption cycles
were performed with the same resin, with a minor decrease of the process performances. Despite a not negligible presence of
non-phenolic compounds in the desorbed product, the latter was characterized by a very high anti-oxidant capacity. The second
approach for PPh separation, developed by FHNW (Switzerland), is aimed at the separation of pure PPhs characterized by a high
commercial value, such as tyrosol and hydroxytyrosol. For this purpose, a selective cyclodextrin-based polyurethane (CDP) was
developed by FHNW and tested in a small pilot plant. The process led to a highly pure final product, characterized by a 61% tyrosol
content and 11% hydroxytyrosol content.
The second step of the proposed biorefinery consists in the biological production of PHAs from the dephenolized OMW. To this goal,
the effluent of the PPh separation process is first subjected to a process of acidogenic anaerobic digestion, aimed at converting the
residual BOD into volatile fatty acids (VFAs). The latter are subsequently converted into PHAs by bacterial strains that stock these
compounds as energy reserves. Two different approaches were tested for the VFA → PHA conversion. The first, developed by the
University of Bologna, is based on the use of a pure culture currently employed at industrial scale for PHA production from glucose
(Cupriavidusnecator). Since the latter microorganism can accumulate the polymer in the excess of C-sources when microbial growth is
inhibited by lack of some nutrients, a two-step PHA production strategy was developed in order to maximize biomass concentration
and the replacement of glucose with biowaste-deriving VFAs. In particular, the mentioned strain was previously grown under optimal
conditions by using a sugar as the carbon source; then, grown biomass was induced to produce and store PHAs by feeding cells with
VFAs in the absence of N-sources. The research activities carried out in the frame of the W4Cs project allowed demonstrating that
the described strategy is a feasible option for the production of PHAs by the bioconversion of VFAs, which were obtained by simply
digesting organic leftovers under anaerobic acidogenic conditions. The second approach was developed by UniversitàdegliStudi di
Roma “La Sapienza” and takes advantage of the use of mixed microbial cultures (MMCs) by using OMWs with or without a previous

5 									

www.water4crops.org

Cont..
step of phenols removal. MMCs are microbial cultures of undefined composition grown in open biological systems in which the
microbial population is selected by the conditions imposed on the bioreactor. In order to allow for the selection and enrichment of
PHA-storing microorganisms, MMCs were grown in a sequencing batch reactor (SBR) to establish the so called “feast and famine”
conditions needed for the selection of microorganisms with high storage ability. The reactor was operated by uncoupling the COD
feed (OMW) from nitrogen supply within each SBR cycle and this resulted in an efficient tool to enhance the selective pressure
towards PHA-storing microorganisms. Besides a high PHA production, a high COD removal efficiency was also reached in both the
SBR and the PHA accumulation reactor, indicating that the proposed process is an effective tool for simultaneous OMW treatment
and valorization towards PHA production. Moreover, it was found that PHA storage can occur in mixed microbial cultures also in the
presence of phenols, provided that both the SBR and the PHA accumulation reactor were fed with the same feedstock (consisting of
fermented and not dephenolized OMWs). This finding is worth noting because the step of phenols removal leads to a loss of part of
the COD contained in OMWs which could be potentially diverted towards further PHA production and/or energy recovery (through
methane generation). In this context, the possibility to further reduce the polluting load of the effluent from the PHA production
process while simultaneously recovering energy as methane has been investigated with the solid fraction of the OMW acidogenic
fermentation step. This allows to provide energy for the overall MMC PHA-production process while simultaneously treating a side
stream whose disposal represents a critical environmental problem.
Lastly, both the above-illustrated treatment steps (PPh separation and PHA production) produce liquid and/or solid streams that
can be fed to an anaerobic digestion step, aimed at producing methane, a liquid effluent suitable for irrigation and a solid effluent
potentially usable as fertilizer. This step was studied in batch bioreactors, with high methane/COD yields (300-400 NLch4/kgvs) and
with a complete COD conversion.
In conclusion, although the different unit operations were tested at different scales and technology readiness levels, the proposed
OMW biorefinery resulted a highly promising process for turning OMWs into a source for the production of valuable chemicals and
energy. Further research is needed to scale up the process, to perform its model-based optimization and to evaluate its economic
feasibility.

EU Work package 2 by Alfieri Pollice, IRSA-CNR
Over the period considered, the activities summarized in the following were finalized within WP2, and correspond to the completed
deliverables reported in brackets.
Activities within Subtask 2.1.1. (IRSA, Del. 2.5) were aimed at testing non-conventional technologies for the treatment of
municipal sewage and the production of effluents suitable for reuse in irrigation. Tests were performed at the pilot scale, and two
experimental plants (IFAS-MBR and FDG) were operated in order to evaluate the suitability of the adopted technologies and the
quality of produced effluents with respect to current national water quality standards for reuse in agriculture (Figures 4 and 5).
Results showed the effectiveness of both tested technologies in producing effluents suitable for reuse in agriculture and complying
with the local standards. Soil column tests showed the decay rate of the fecal indicator as the dominant mechanism with respect
to accumulation and possible leaching through the deeper soil layers.
Activities in Subtask 2.1.2. (IRSA, Del. 2.3) evaluated at the pilot scale the effectiveness of the SBBGR system and its integration
with different disinfection strategies (UV irradiation, PAA addition) to produce an effluent suitable for agricultural use. Biological
treatment by SBBGR was able to produce effluents with a physical and chemical quality within Italian quality standards for agricultural
reuse. UV radiation and PAAwere able to reduce E. coli content in the final effluent below the limit for agricultural reuse in Italy.
Activities in Subtask 2.1.4. (IRSA, Del 2.2) involved the definition and evaluation of bio-molecular methods for the quantification
of biological contaminations in treatment systems for wastewater reuse. In details, complete protocols for the quantitative estimation
by Q-PCR of ARGs and pathogens, in water sample with different contamination level, were defined and evaluated. The methods
optimized contributed to assess the performance of some of the wastewater treatment solutions proposed in the project in terms
of required hygienic aspects.
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Figure 4. Scheme of the IFAS-MBR+UV pilot plant.

Figure 5. Scheme of the pilot plant FDG+UV.

Work Package 3 by CER, Italy, CEH-Wallingford, UK and
IRSTEA, France
The W4Cs’ European Mirror site is located on the Consorzio Bonifica CER premises nearby the village of Mezzolara di Budrio (Bologna)
in the plain of the Po valley (44o34´N, 11o32´E). The field is part of a commercial farm and was used before to carry out research on
water reuse in the EU SAFIR project. CER has been carrying out researches on the rational use of water resources since 1959. The main
CER’ research domain are the following: crop response to irrigation and Water Use Efficiency and Productivity; irrigation strategies
assessment and fine tuning; development of Irrigation and Fertigation Decision Support Systems; studies on the circulation of nutrient
and plant protection additives in the ground and in the water; fertigation and chemigation; irrigation technologies, design and test
of irrigation systems; extension services support; reuse of treated waste water. These activities have brought about the identification
and validation of the crucial parameters required to calculate the water requirements of the main local crops and the development
of applicative models implementing sustainable irrigation/fertigation criteria (Emilia Romagna Integrated Crop Management DSS,
Fertirrigere, Tecnirri and Irriframe) which are widely used in Italy.
The W4Cs activities carried out at the CER mirror site are aiming to identify the most suitable advanced deficit irrigation strategies while
considering the constraints and the benefits coming from reuse of reclaimed waste water or use of brackish water. Experiences has
shown that only a combination of adequate irrigation technologies with crop tailored irrigation strategy can save water and relieve
pressure on water resources via the increase of water use efficiency and increasing water productivity. To fine tuning Deficit Irrigation
strategies (DI), namely Regulated Deficit Irrigation (RDI) and Partial Root zone Drying (PRD), CER is conducting field experiments on a
three years crop rotation (potato, maize and processing tomato). The focus will be on the feasibility to apply RDI and PRD both from
the technical and the practical standpoint, when using treated wastewater moderately saline and on the effect of the combination
of irrigation strategies and saline water in different plant growth stages on water use, plant growth and product quality. The treated
wastewater (peroxyacetic acid –PAA disinfected; not filtered) comes from the small wastewater treatment plant serving the village
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(<2000 EI). To test the impact on crop productivity of moderately saline TWW when coupled with water saving irrigation strategies and
fertigation, the reused water is spiked with sodium chloride keeping the ECe at least at 4.0 dS m-1. Besides, innovative instruments
to measure soil moisture, as the Cosmos Ray and the ERT, or crop actual evapotranspiration, as Eddy Covariance and Scintimeter,
are tested at CER’ experimental farm “Marsili”.
At CEH-Wallingford, UK
Two activities were carried out.
1. New technologies: Eddy covariance and
Scintillometer were installed in Bologna to measure
the actual evapotranspiration. In addition, a new soil
moisture instrument for area based measurements
(300-700 radius) was also installed. The installation
of the three new instruments took place in May 2014.
Data collected so far gave the indication that the Eddy
covariance actual evapotranspiration values were
close to the values measured by the Scintillometer.
However, the preliminary results of both instruments
gave actual evapotranspiration values: 1. Lower
than the reference evapotranspiration calculated by
Penman –Monteith equation using meteorological
data of the site and 2. Lower than the crop
evapotranspiration calculated from the reference
evapotranspiration multiplied by the crop coefficient
known as Kc.
2. Modelling : SALTMED model was applied on two
cropping seasons, Potato 2013 and Maize 2014. The
results indicated a good water saving by Partial
Root Drying, PRD when compared to regulated
deficit irrigation RDI. The modelling study showed
the ability of SALTMED model to simulate C3 and C4
plants growth and predict reasonably well the total
dry matter, yield, soil moisture and salinity. The results
of the measurements and the model prediction also
indicated that the treated waste water spiked with salt
had no appreciable negative impact on yield as the
good water management practiced combined with
presence of rain from time to time helped to maintain
low salinity level in the root zone.
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Contribution from IRSTEA, France
Aside from the activity focused on agronomy, Irstea is working
on the aspects related to irrigation technology utilized in TWW
reuse: 1) How to control the drift and transport of droplets out
of the target area associated with sprinkler irrigation in field
conditions? 2) How drip irrigation systems can keep their high
level of performance despite clogging phenomenon? 3) In the
case of plant based waste water treatment systems (such as
bamboos based system developed by partner Phytorem, France),
what type of localized irrigation emitters design could withstand
roughly filtered effluent without any clogging?
1) The research consisted first in defining the way drift and
transport of small droplets can be measured in the field, combining
field evaluation and laboratory analysis of jet dispersion. A first
protocol has been defined and evaluated during the first half of
the project, its validation is undergoing. In the meantime the
software ADMS is being calibrated to confront measurements to
simulation results
2) Drip irrigation remains the best performing distribution system
but its operating principle makes it very sensitive to all sort of
clogging (particles, biofilm and scaling) specially in the case of
TWW. The work focusses on the understanding hydrodynamic
aspects to forecast distribution performance. A model is
under calibration relying on PIV (Particle Image Velocimetry)
measurements. PIV allows observing water flow in transparent

drippers including a fluorescent dye. The min scale of observation
is close to 5µm. New experiments relying on PTV (Particle Tracking
Velocimetry) techniques are under development in order to
analyze real particles evolution from agglomeration process to
deposit. In parallel a study is undergoing to understand the way
hydrodynamic influences the development of biofilms in pipes
and drippers.
3) The SME partner Phytorem conducts bamboo plots as
an irrigated agricultural crop, except that the water may
contain organic particles and solutes that can either deposit
(sedimentation) or develop (biofilm) in pipes and emitters, and
modify discharge. Effluent treatment efficiency mainly relies on
the homogeneity of distribution over bamboo plots of several
hectares. Most of the drippers on the market do not resist more
than a few weeks to such effluent so we developed a new PC
emitter (DA-EU) that has been patented in 2013. Its design is kept
very simple and includes a membrane. A first series of prototypes
has been produced using 3D Printing. A simulation work is under
progress to define more precisely the range of size that could be
produced and the resulting range of discharge. The next step will
be to test the different sizes of emitters with various type (grain,
fibers…) and size of particles (up to several mm) to validate the
capacity of this emitter to “digest” these particles. This emitter
will be then evaluated in the field.

Figure 6: Field measurement of drift losses under sprinkler irrigation

Figure 7: DA-EU prototype from 3D printing

Figure 8: PIV facility for microfluidic approach in dripper’s labyrinth
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Looking for new genes important for root development and
water-use efficiency in maize by Dr. Silvio Salvi, UNIBO, Italy
Near isogenic lines (NILs) are one of the many types of plant materials used by geneticists. Different NILs share most of their genomes
with the exception of one (or few) marked chromosome portions, which originated from a different parent line. Collections of NILs
are known as introgression libraries. Because of their genetic make-up, introgression libraries are particularly usefulto identify the
map position of genes responsible for a given trait.
We developed a population of 75 IL lines of
maize, starting from the cross B73 x Gaspé Flint.
This population was initially described in Salvi
et al. (2011). B73 is the reference line for the
maize genetic community and the line with the
most genomic information available, including
its genome sequence. Gaspé Flint is a landrace
9: Bin map representation for the 75 IL lines and the two parental lines B73 and Gaspé Flint based on
belonging to the Northern Flint maize race group, Figure
molecular marker (SNP) analysis.
originally from Canada, and is virtually the earliest
known maize genotype. The early flowering trait enabled
Gaspé Flint to be grown as a crop by ancient native-American
farmers living in the east Canadian plains, characterized by
short summers. The phenotypic differences between B73 and
Gaspé Flint make their cross ideal for the genetic dissection of
agronomic traits.
In the W4C project we have characterizedthe IL collection using
a state-of-the-art molecular marker chip (including 50,000 SNP single nucleotide polymorphisms). Based on this marker analysis,
we estimated that 80% of Gaspé Flint genome is represented
within the collection and that each IL line contains an average
of 3.3 introgressions (Figure 9).
During W4C, the IL lines were evaluated in replicated field trials
at two water regimes (well-watered, and rain-fed or water10: Difference in brace root architecture observed in the field experiment carried
stressed) in Italy. A total of c. 4,500 plants were grown of which Figure
out within W4C. The two plants belong to two different lines of the B73 x Gaspé Flint
1,350 analysed for root traits. Forty-four traits covering phenology, introgression library.
plant architecture, yield, and root architecture were eventually collected in this large field experiment and are being statistically
analysed. We aim to identify genomic regions involved in root architecture, water-use efficiency and grain yield. An example of
phenotypic difference for root traits observed within the IL collection is provided in Figure 10.

Work Package 5: Co-creation and Innovation at INNOVA
platforms by Christian Siderius, Alterra
Costs and benefits of Water4Crops technologies
Chances for market uptake of Water4Crops technologies’ largely depend on their (societal) costs and benefits. Therefore a second
Water4Crops INNOVA platform meeting entitled ‘Exploring costs and benefits of Water4Crops technologies’ was organised on 18
November 2014 in Bologna and was hosted by the Faculty of Agriculture, University of Bologna. The meeting brought together W4C
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researchers and some potential customers and investors with an interest in bio-technological wastewater treatments for enhancing
wastewater reuse and valorization and/or in improving water use efficiency through improved agronomics, plant breeding and new
irrigation systems.

The main objective of the meeting was to increase understanding about (societal)costs and benefits of W4Cs biotechnologies in
order to:
▶▶

Communicate W4C biotechnologies to potential customers, other (business) partners and policy makers

▶▶

Estimate and further explore chances for market uptake

▶▶

Find out what to do to increase benefits or reduce costs

Two W4C biotechnology clusters were taken into consideration: ‘Valorization, treatment and reuse of wastewaters’ and ‘optimized
constructed wetlands’. Through a stepwise approach, the W4C researchers examined societal and financial costs and benefits of W4C
technologies under development in which were assisted by consultants of CIAOTECH, experts in the field of business development.
At the end of the meeting, the cost benefit analysis were presented to a broader public including representatives of Multi-utility
IREN, Union of Industries of Bologna and Ravenna Spa. The participants jointly assessed the business opportunities of the different
technologies for the European and Indian market.
This second meeting helped to develop a short list of W4C biotechnologies with potential to attract the financial sector to invest
in their realization. It also facilitated the emergence of the integrated concept of a cascaded bio-refinery combining multiple W4Cs
technologies to valorise olive oil wastewater.

Cascaded bio-refinery as potential business model further explored
A follow up meeting on the cascaded bio-refinery business model was organised on 16 October in Montpellier. The meeting brought
together the W4C partners VITO, University of Bologna, STEP consultancy, IRSA and Alterra to take next steps in the elaboration of
the cascade bio-refinery model. The meeting has resulted into a better understanding about the technical feasibility of the model,
the readiness of the individual technologies and on the potentials for synergy by combining W4C technologies. Increased insights
into the costs of the cascaded bio-refinery and into opportunities for transforming the cascaded bio-refinery idea into a pilot –
demonstration plant were developed as well.
On 20 October 23015, the cascaded bio-refinery business model was presented at the
Brussels Sustainable Development Summit,20 October 2015.
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Figure 11: Cascaded bio-refinery as potential business model further explored

2nd Indian Innovation Platform Meeting on 29th September
2015 by Deepthi Prasad, EIRC
Within the framework of Water4crops Annual Review and Planning Meeting, the
project organized its 2nd Indian Innovation Platform Meeting on 29th September
2015 at MSSRF Institute, Chennai. W4Cs INNOVA platform meetings aim to
support partners in the development of innovative technologies that meet
a real demand by bringing together experts and stakeholders in the fields of
technology production, technology use, marketing and policies. The 2nd INNOVA
meeting was conducted to analyze the costs/ benefits of the technologies. The
meeting brought together the Industry and technical experts from Deutsche
Gesellscha für Internationale Zusammenarbeit(GIZ) Germany and EnviroTech
Water Management Pvt. Ltd. in the field of wastewater treatment and water use
efficiency. These experts were challenged to explore business opportunities
and analyze the cost and benefit of the new technologies that were presented
by the project partners. The meeting facilitated lively discussions between
researchers and experts in which the relevance of technology for target users,
economic viability and other issues related to applicability and market uptake
were addressed.
One of the key suggestions form the experts was to develop BREF documents.
German environmental agency has developed a format for best available technical
documentation, A BREF is a BAT Reference Document. The BREFs are used by
the Operators of the installations, the Environmental Authorities (Permit writers,
Policy makers) and the Public in general. In the next step, W4C partners will be preparing the BREF documents by documenting all
the technical information including the cost analysis, viability etc.
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Treating Sugar Effluent in Constructed Wetland and Utilising
in an Integrated Aqua-Agro Farming System – Sophia John,
MSSRF, India
India is moving towards water stressed situation with competing sectoral demand for freshwater which is further aggravated
by climate change effects. On the other hand enormous quantity of wastewater is generated as an effect of agricultural growth,
industrialization and urbanization. While the demand is far exceeding the supply, wastewater is polluting the available fresh water
making it unfit for human, agriculture and industrial uses. In India there are around 550 sugar industries utilizing 3.2 Mm3 water and
generating 0.6 Mm3 of effluent per day. Effective treatment and safe reuse of sugar effluent (SE) are major challenges for industries
that affects aquatic and terrestrial ecosystem and are also facing challenges to meet the current regulatory measures which is
expected to become more stringent. Majority of the available secondary treatment technologies are costly and are at lab scale. Very
few successful pilots/experiments have been done using low cost biological treatment methods. This necessitates a versatile and
sustainable green technology for wastewater treatment and reuse with enhanced water use efficiency for agricultural productivity.
Thus Constructed Wetlands (CWL), a green technology for treating SE requiring low energy, simple construction with locally available
materials and skills, less maintenance, user and environment friendly was used. It is highly adaptable and deployable at small/large
scales as per the context.Combination of treatment and reuse technologies increases water availability and agricultural productivity
in an eco-friendly manner with significant cost savings and benefits. The benefits of improving water quality are enhanced ecosystem
services, improved health and livelihoods.

Bio-treatment of Sugar Effluent
The KCP Sugar and Industries Corporation Ltd being the partner of MSSRF, treatment and reuse of SE was demonstrated in
Lakshmipuram sugar unit located in Andhra Pradesh. It is one of the most modern plants treating effluent through aeration, anaerobic,
contact filter and final aeration processes. However, the BOD, COD, TSS and TDS are exceeding the standards of irrigation as well
as aquaculture. Using this for aqua-agro farming systems could lead to reduction in hydraulic conductivity, soil porosity, rate of
infiltration and soil permeability. Increased bulk density will affect the soil and groundwater in the long run.

Therefore to meet the standards of agriculture and aquaculture
the effluent was further treated in a sequential system
comprising filtration tank followed by CWL, sedimentation tank
and fish tank. As a pre-treatment process coarse particle from
the sugar effluent is removed in filtration tank which reduces
clogging of wetland system. CWL encompasses five chambers
filled with varied substrates and hybridised horizontal and
vertical flow of water in alternate chambers. Hydraulic loading
rate is 2.91 m/day while the retention time is 6.5 days. The mass
water balance taking into consideration the inflow and outflow
including evaporation, evapotranspiration and precipitation
is 17.70m3/day. Treated SE is stored in settlement tank and
pumped for fish culture. Different sized gravel as substrate with an average porosity of 49.8% facilitates good oxygen transfer to
nitrify and remove suspended solids. The middle chamber with organised layers and Typhaangustifolia an emergent macrophyte
associated with floating macrophytes like duckweed, wolffiaarrhiza and a consortium of algae effectively contributes for enhancement
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of water quality for fish culture and agriculture. The algal consortium (chlorococcum sp., Spirogyra sp., Phormidium sp., Cladophora
sp., Amphora sp., Anabenna sp., GomphopaeriaAponina sp. Chroococcus sp.) helped in the removal of organic contaminants which
ultimately decreased the COD, BOD, phosphate, sulphate, nitrate etc. Presence of chlorococcum sp. indicates the good quality of
water. Phormidium sp. is used as growth promoting substances and is reported to induce greater height and yield in rice including
increase protein content of rice grains. Phycocyanin compound present in this algae is used as natural dye in sericulture. This clearly
shows the potential for agribusiness product with basic research for isolation and mass multiplication and commercialisation.

Enhanced water quality
After sequential treatment SE became clear, colour and odour less. In the process
pH was changed from alkaline to near neutral due to break down of organic
contaminants by aerobic organisms. Salt assimilation by microbes in the root
zone was up-taken by Typha reducing conductivity as well as total hardness to a
considerable level. Reduction in TDS is significantly higher due to sedimentation,
filtration, bacterial decompositions, adsorption and uptake of ions by floating
macrophytes.
Irrigation indices Primary treated SE Bio-treated SE
Similarly uptake and
pH
8.15
7.2
biotic assimilation by
microbes significantly
TDS mg/l
1204
500
reduced the phosphate content to about 62%. Removal of total alkalinity was
EC ms/cm
1.85
1.37
due to the exopolysaccharide produced by microbes helping in adsorption
TA mg/l
700
208
and sedimentation of carbonates which is up taken by emergent and
TH mg/l
310
180
floating macrophytes. Reduction of COD in different chambers is due to
SAR
4.69
2.19
degradation of organic pollutants by algal biomass as well as enhanced
% Na
94.31
75.69
oxygen supply emergent macrophytes. The fish tank is considered as a
MAR
56.50
22.86
tertiary treatment process followed by CWL reduces COD, BOD, TSS, and
KR
1.51
0.83
TDS to a considerable amount. Lesser concentration of ammonia, nitrite
and increase in nitrate concentration in bio-treated SE is suitable for fish
RSBC
4.86
4.11
culture. And the nitrogenous waste from aqua pond is reused as nitrogen
PI
81.86
86.08
source for crop cultivation. Comparison of irrigation indices between primary
treated SE and bio-treated SE reveals that TDS, EC, TA and TH were reduced through treatment in CWL and fish tank. SAR and RSBC
are found to be within the irrigation standards in both pre and post bio-treatment of SE. Increase in PI indicates a positive trend for
better permeability in irrigation. The MAR and KR is reduced to irrigation standards while irrespective of reduction.

Dual use of treated SE in an Integrated Aqua-Agro Farming (IAAF) System
Among various integrated approaches in
farming systems, IAAF system has a dual use
of bio-treated SE in aquaculture and then in
agriculture as an efficient way of using water and
an adaptive method for water scarce situations.
The model adds income from the sale of fish
and crop. Comparing to single water use system,
the overall productivity and value generated
per unit of water is improved in addition to
fertilizer savings. As efficient use of limited water
resources, the model contributes for policy
support towards increasing water use efficiency
by integrating two production systems.
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Aquaculture
With the sequentially treated sugar effluent fish was cultured in an earthen
tank of volume 1449 m3 and retention time of 14 days at the rate of 50% water
replenishment from sedimentation tank. Indian major carp like Rohu and Catla
was cultured in the ratio of 80:20 with a less stocking density mainly to monitor
its survival and growth rates. Extrapolation of production to per ha reveals 1.77
tons which was given to local fisher women at the rate of Rs.60/kg estimated to
be Rs.106200/ha as income per season. Two crops shall be harvested in a year by
maintaining recommended stocking density which will fetch additional income.
As aquaculture predominantly does not consume much water, rather “borrows”
it for “temporary” use, this practice is integrated into a farming system before
water is used for irrigating sugarcane. In this way, nutrients are also added in
organic form to the water before irrigation, which subsequently reduces the need
for additional inorganic fertilizer application.

Agriculture
Nutrient enriched treated SE used from fish tank was irrigated for sugarcane crop. Saline tolerant sugarcane variety was cultivated
to study the reuse potential comparing with fresh water as control. Comparison of growth, yield and sugar quality characteristics
between treatments in sandy and clay soils reveals that crop growth is better
in treated water irrigated sandy soil as compared to clay soil. Except for length
of millable cane and total millable cane weight that shows significant variation
in other attributes like number of internodes and cane girth showed negligible
difference between soil types.
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The quality check of cane juice for brix (%), pol (%), sucrose
(%), commercial cane sugar (%) and purity (%) showed that
sugarcane irrigated with treated SE in sandy soil has slightly
better quality characteristics as compared to clay soil. Whereas
in the case of sugarcane irrigated with fresh water the quality
parameters are better in the clay soil. The overall yield was
65 t/ha and the average price is Rs.2500/t. The input cost was
reduced due to fertilizer savings i.e. treated SE comprised of
100% Potassium and 38% Nitrogen. Advantages of integrated
agro-aqua farming system include increasing farm productivity
and profitability without any net increase in water consumption
but diversifying crops including aquatic species and fertilizer
savings. Thus multiple use of water in itself means that the
farm is more efficient in terms of the value of production per
unit of water used and more environmentally sustainable.

Agro-food industry wastewater valorization and reuse by Dr.
Malini Balakrishnan, TERI
This covers work in three different agro-food industries viz. sugar mill, alcohol distillery and beer brewery located across India (
Figure 12) and includes both land remediation and wastewater valorization.
The soil properties of land degraded at Ugar Khurd due to long term application of distillery spent wash (5 years to over 20 years)
were first examined. Continuous application of spent wash for varied periods did not affect soil pH. However, soil salinity, organic
carbon, DTPA extractable micronutrients (Zn, Fe, Mn and Cu) as well as population of bacteria, fungi and actinomycetes were
increased. To remediate degraded land, suitable drainage practices were combined with application of suitable microbial consortia.
The success was demonstrated through maize–wheat cropping sequence wherein significantly higher yield was obtained employing
subsurface drainage and application of pressmud and microbial culture. To identify bacterial and mycorrhizal consortia that improve
soil properties, 57 isolates collected from saline fields of sugarcane were functionally characterized for salinity tolerance, IAA
production, and phosphate solubilizing activities, siderophore production and acid production. 12 bacterial isolates selected after
functional characterization were tested in microcosm, following which 4 bacterial isolates (B. pumilus, B. licheniformis, B. marisflavi,
B.amylosliquefaciens) and mycorrhizal consortia (Rhizophagusirregularis, Rhizophagusclarus, Claroideoglomusproliferus)
have been selected for further studies.
Treatment of three different wastewaters has been demonstrated and the results are promising.
▶▶

Sugar effluent was treated in a hybrid constructed wetland followed by aquaculture (Figure 13).

▶▶

Distillery effluent treatment followed the sequence biological treatment (bacteria followed by algae), adsorption over
activated charcoal and polishing in constructed wetland.

▶▶

Brewery wastewater treatment was done in constructed wetland with Cana indica resulting in high nutrient removal.
The treated wastewater was tested for safflower cultivation. To increase salt removal efficiency, introduction of halophyte
species such as Sesuvium portulacastrum in the wetlands is being studied.
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For melanoidins/polyphenols recovery from molasses alcohol distillery wastewater, activated carbon from sugarcane bagasse ash
and mixed matrix membranes were developed and tested. Unburnt carbon from sugarcane bagasse ash was activated under various
conditions to obtain highest surface area of 673 m2/g. mixed matrix membranes were prepared incorporating nanocomposites in a
polysulphone matrix and sealing the surface with PVA. Activated carbon can adsorb around 40% of the low molecular weight (< 10
kD) components in distillery wastewater. Almost complete retention (~98%) of melanoidins was obtained using PVA coated mixed
matrix membranes. The recovery of melanoidins is interesting since pure melanoidins has high antioxidant activity of around 50
000 µM TEAC (Trolox equivalent antioxidant capacity)

Figure12: Location of work sites

Figure 13: Sugar effluent treatment in hybrid constructed wetland followed by aquaculture

Decentralized for domestic wastewater treatment for safe
agricultural use - M. D. Patil, S. P. Wani, A. Datta, A. S. Tilak
Constructed wetlands are human made wastewater treatment structures consisting of shallow, usually less than 1 meter deep,
ponds or beds which have been vegetated with suitable plant species (Dallas et al., 2004). Constructed wetlands (CW) depend upon
a combination of physical and biochemical mechanisms for pollutant removal and utilize the phytoremediation capacity of specific
plant species. The hydrological retention time, flow rate as well as flow path of the wastewater is regulated in CW with impervious clay
or synthetic liners and/or engineered structures. Constructed wetlands have been used to treat a variety of wastewaters including
urban run-off, municipal or industrial or agricultural wastewater and even acid mine drainage. CWs offer an excellent option because
they are low in cost and demand low maintenance requirements. However, because they require large land areas, 4 to 25 acres per
million gallons of flow per day, they are better suited for the treatment of small community wastewater where inexpensive land is
available and skilled operators are hard to find. Constructed wetlands comprise two types of systems viz. free water surface (FWS)
type and sub-surface (SS) type. A typical FWS constructed wetland consists of berms to enclose the treatment cells, inlet structures
that regulate and distribute influent wastewater evenly for optimum treatment, various combinations of open-water areas and
fully vegetated surface areas, and outlet structures that complement the even distribution provided by inlet structures and allow
adjustment of water levels within the treatment cell. SS type wetlands consist of gravel beds planted with wetland vegetation. A typical
SS system, like the FWS systems described above, contains berms and inlet and outlet structures for regulation and distribution
of wastewater flow. In addition to shape and size, other variable factors are choice of treatment media (gravel shape and size, for
example) as an economic factor, and selection of vegetation to provide the desired degree of treatment.
In order to examine closely the performance of CW systems a total of twelve field-scale CWs (each treating 3 m3/ day) were constructed
in ICRISAT Patancheru campus as part of an ongoing India-EU project (Water4Crops) involving various institutes and industrial
partners. Six of these CWs were sub-surface types whereas the rest six were free-water surface type. For each type of CWs one
unit was maintained as CW devoid of vegetation to estimate the abiotic removal. In the other five CWs in each type, different plant
species viz. Typhalatifolia, Cana indica, Eichroniacrassipes, Pistiastratiotes etc. were planted and grown.The grey wastewater from
a nearby urban housing colony served as the inlet wastewater streams in these CWs. The field scale study of over two years helped
to gain critical understanding about the performances as sensitivities of different plant species when used in CWs. For example,
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the growth Eichroniacrassipes is sensitive to human disturbance or growth rate of lemon grass (Cymbopogoncitratus) and Cana
indica slows own significantly in winter.
The field scale study helped us to understand the potential of CWs to be successfully implemented and integrated as a rural
development scheme or it can be linked with various other ongoing government schemes such as Swachh Bharat Mission. The
wastewater management is a new concept in rural India. The focus has been on road, drainage (as flood prevention mechanism)
and housing primarily post-independence and on education, electrification and primary health care in the last few decades. CWs
can efficiently treat the wastewater generated in the rural household and the treated water can be used for irrigation. Because
of the nitrogen content irrigation with this treated water may reduce the input cost and can be an alternate perennial source of
irrigation. It is important to gain the confidence of villagers while introducing this kind of new concepts. Villages in the watersheds
which have seen growth and economic upliftment through various initiatives of ICRISAT were chosen for the implementation of CWs
at a community level. Likewise, Kothapally village of Telengana, India was chosen for the installation of first such CW. A 60 m X 3 m
X 1 m constructed wetland was established to treat the wastewater from 125 household (approximate flow of 25 m3/day). The CW
showed removal efficiency of 65 % for chemical oxygen demand, 60 % for sulfate and 67 % for inorganic nitrogen. The pathogen
removal efficiency was 87 % in terms of measured in terms of Escherichiacoli. The maintenance of the CW as well as ownership of
the treated water may be decided at the Panchayat level. The biomass as well as treated water from the CW can provide generate
some revenue which in turn can be utilized to involve local self-help group (involving village women) for the combined purpose
of maintenance and routine upkeep of the CW. The treated water can ideally be used for growing fodder crop or flowers such as
Marigold. Because of the fertigation potential of the treated wastewater and significantly reduced pathogen load compared to the
raw wastewater, Decentralized CW can be used as a business model and can serve the combined purpose of abating nutrient loss
as well as generating of employment thru women/men self-help groups.
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Water4Crops events
The Water4Crops EU and Indian consortiums have disseminated the project results in various platforms and shared their experiences
and technology updates within the project. The details of these events are given below. To view the event galleries please visit
Water4Crops news and events page at: http://www.water4crops.org/category/water4crops-news/

“Water4Crops Special Session” @ IFAT India 2014| India’s Leading Trade Fair for
Water, Sewage, Refuse and Recycling, 9th – 10th Oct 2014, Mumbai, India
Two sessions on Water4Crops took place at IFAT India 2014 at Hall 5, Bombay Exhibition Centre
(BEC), in Mumbai on October 9 and 10, 2014.
The event focused on treatment of industrial wastewater, its reuse and valorisation to support
Green Economy in Europe and India. High-profiled researchers from India and Europe presented
promising ideas and technologies, which are under development for treatment of wastewater
and irrigation technologies. Furthermore, the workshops provided an opportunity to learn
about valorisation of wastewater and suitability of treated wastewater for agricultural use. For
more info: http://www.water4crops.org/promising-research-results-water4crops-presentedifat-india-2014-mumbai-october-9-10-2014/

Water4Crops @ 7th EU-India Environment Forum 2015, 25th - 26th February 2015,
New Delhi, India
The Indian Government (Ministry of Environment and Forestry) and the European Commission organised the 7th European Union-India
Environment Forum. The Forum allowed the European and Indian speakers to address challenges and discuss options for resource
efficiency in the context of a circular economy with a specific focus on waste management.
On Thursday 26th February 2015, the European Union Delegation organised a conference on Resource Efficiency and the Circular
Economy – Sharing Best Practice in the Waste and Water Sectors. Water4Crops EU partner, Ms. Annemarie Groot from Alterra Wageningen
UR presented water4crops project and shared the technologies and ideas that are being developed under the project. For more
details: http://www.water4crops.org/water4crops-7th-eu-india-environment-forum-2015-25th-26th-february-2015-new-delhi-india/

Water4crops-India: Annual Review and Planning Meeting, 28-30 September 2015
at MSSRF, Chennai
Water4crops-India organised its “2nd Annual Review and Planning Meeting” for the India sub component from 28-30 September 2015
at MSSRF, Chennai. The consortium under the coordination of Dr. Suhas P Wani, ICRISAT, presented the most recent developments
and activities performed during the last years. The partners were encouraged to exchange and analyse information on current
progress of the project and future plans were made to increase the mutual integration within W4Cs EU and Indian consortiums.
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SALTMED Workshop, 12th October 2015 in Montpellier, France
In order to train the specific needs emerging from the water scarcity issue the
training event on the SALTMED workshop was successfully hosted by Sup-Agro,
on the 12th of October 2015. Thanks to the efforts of Dr. Ragab Ragab (CEH)
workshop participants from Europe and India had the opportunity to enjoy a
well-appreciated training jointly organized by the W4C partners STEP and IRSTEA.
As technical start-up Gilles Belaud from SupAgro showed workshop participants
around the Sup Agro Hyrdraulic Simulations Facilities and demonstrated the
research activities of SupAgro.
Within a half-day training, moderator Dr. Ragab Ragab thoroughly explained the
theoretical background of the SALTMED model. The basic understanding of soil
hydraulics, evapotranspiration and plant water uptake or the difference between
water efficiency and crop productivity are highly important in order to be able to
work with the program and thus, provide desired good results. He indicated that
deviations between measured and calculated data can result if data analyzed in
the lab are wrongly compared to calculated data. Thus, he recommended to be
attentive and to measure the data in the field as carefully and as often as possible.
In order to introduce the present professionals into the handling of the SALTMED
program he provided a general overview on the global and field parameters
and illustrated the results by presenting several examples. Going out from his
extensive experience he showed the results of different studies and work cases
such as saline treatment tests in Bologna and Denmark, domestic wastewater
tests in Morocco, greenhouse tests in Adana, and many other case studies on
Quinoa and Amaranth across a climate gradient. All workshop participants were
invited to ask questions and to work with the freely-available SALTMED program.

Upcoming Water4Crops Event

Other Upcoming Events - 2016

Europe
Unwrapping the Package – towards a Circular Economy in
Europe
25th & 26th January 2016, Rotterdam, Netherlands
https://ec.europa.eu/environment/ecoap/events/unwrappingpackage-towards-circular-economy-europe_en
WWT’s Wastewater 2016 Conference
28th January 2016, Birmingham; United Kingdom
http://www.wwt-wastewater.net/home
ICWEEM 2016: 18th International Conference on Water,
Energy and Environmental Management
24th & 25th March 2016, Madrid, Spain
https://www.waset.org/conference/2016/03/madrid/ICWEEM/
home
GORC 2016 - Global Organic Resources Congress
3rd & 4th Mai 2016, Dublin, Ireland
http://www.compostnetwork.info/wordpress/wp-content/
uploads/2015/12/GORC_-3-4-May-2016.pdf

WasteEng 2016 Conference
23th-26th May 2016, Albi (France)
http://www.wasteeng2016.org/
IFAT Entsorga
30th May – 3rd June 2016, Munich, Germany
http://www.ifat.de/index-2.html
WWEM2016 - the International Water, Wastewater and
Environmental Monitoring Conference and Exhibition
2nd-3rd November 2016, Telford, UK
www.wwem.uk.com
European Utility Week 2016
15th-17th November 2016, Barcelona, Spain
www.european-utility-week.com/
European Utility Week 2016
15th-17th November 2016, Barcelona, Spain
www.pollutec.com

20 									

www.water4crops.org

India
Seed Industry Program
19th–22th January 2016, Bengaluru, India
http://www.sathguru.com/seed/index.html
International Conference 2016 on “Natural Resource
Management: Ecological Perspectives”
18th –20th February 2016; Jammu, India
http://iesconf.com/
Water Today’s WATER EXPO 2016
3rd, 4th & 5th March 2016, Chennai Trade Centre
Tamil Nadu, India
http://waterexpo.biz/
India Water Week – 2016
April 4 – 8, 2016 at VigyanBhavan,
PragatiMaidan, New Delhi.
http://www.indiawaterweek.in/
4th GLOBAL MORINGA Workshop
29th & 30th April 2016, Jaipur, India
http://jatrophaworld.org/global_moringa_meet_81.html

TIAR — 2016 IEEE Technological Innovations in ICT for
Agriculture and Rural Development
15th & 16th Jul 2016, Chennai, India
http://www.ieeetiar.com/
ICE- SWWEM - 2016: SUSTAINABLE WATER, WASTEWATER &
ENERGY MANGEMENT
17th-19th August 2016, Bengaluru, India
http://swwem.com/
12th EverythingAboutWater Expo 2016
22th-24th August, 2016, New Delhi, Indian
http://www.eawater.com/expo/index.php
IFAT India
28th – 30th September, 2016; Mumbai, India
http://www.ifat-india.com/
ETAE 2016 — Emerging Technologies in Agricultural and
Food Engineering
27th– 30th Dec 2016, Kharagpur, India
http://etae2016.in/
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Partners
EU Consortium Partners
The Water Research Institute (IRSA) is part of the Italian National Research Council (CNR). IRSA
was established in 1968 as a scientific institution aimed at providing the National Parliament, the
Governmental Administrations, as well as water-management agencies and national industries, with
the know-how necessary for rational utilization and protection of Italian water resources.
The Helmholtz Centre for Environmental Research - UFZ, Germany, was established in 1991 as the
first and only centre in the Helmholtz Association of National Research Centres exclusively devoted
to environmental research currently employing ~ 1000 people. Founded in response to the severe
pollution prevailing in Central Germany, the UFZ has become a world-wide acknowledged centre
of expertise in the remediation and re-naturation of contaminated landscapes.
The Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH is an international
cooperation enterprise for sustainable development with worldwide operations. GIZ is a federal
enterprise based in Eschbornnear Frankfurt am Main. GIZ has a worldwide network of partnerships
in civil society and in economic and cultural spheres. It has cooperated closely with other national
and international development cooperation organisations.
Envinhealth SA is a spin out innovative company, established in 2009 in order to provide services
related to environment, nutritional and health issues, mainly to the private sector and more
specifically to the national food industry and the municipal authorities who are responsible for the
local wastewater treatment plants.

NERC is a component body of the Natural Environment Research Council, NERC. The latter is a
government research organization, reporting to the UK Office of Science and Technology. The Centre
for Ecology and Hydrology, NERC is recognized as one of the world leading research organization
working on fundamental and applied issues relating to water in the natural environment.

The University of Catania (UNICT) was founded in 1434. The research group on Hydraulics, from the
Department of Agri-food and Environmental Systems Management (GESA) - Faculty of Agriculture,
is active in a wide range of subjects in relation with water and soil management, particularly in
agricultural sector. UNICT has developed its scientific knowledge as partner in several international
projects including EC funded projects.
INOFEA is a spin-off from the University of Applied Sciences Northwestern Switzerland - School of
Life Sciences– registered since March 2011 in the Canton Basel City, Switzerland. INOFEA has been
selected to enter the CTI85(Swiss Federal Commission for Technology and Innovation) start-up
scheme. This enables the company to officially take part in CTI funded development projects and
to access R&D funding.
Horta Srl is a spin-off company of the Catholic University “Sacro Cuore”, with legal seat in Piacenza. Its
mission is to increase the value of research by transferring the technological innovation to practical
agriculture at national and international level, by developing new cropping strategies, methods and
products, and Decision Support Systems (DSSs) based on new Information and Communication
Technologies.
The School of Life Sciences (HLS) of the University of Applied Sciences Northwestern Switzerland
(FHNW) is located in the centre of the trinational Basel area (Switzerland – France – Germany). The
4 institutes of the HLS are Pharma Technology, Medical and Analytical Technologies, Chemistry and
Bioanalytics (ICB) and Ecopreneurship (IEC).
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The Irstea-Cemagref is a Research Organisation of approximately 100 researchers, created in 2003,
supported by the French Ministries of Research and Agriculture with a strong involvement with the
Ministry of Environment. Irstea-Cemagref is developing activities dedicated to different aspects of
water management from plot to river basinscale, from technical, to socio-economic and political
aspects.
SIMA-tec is specialized in design and manufacturing laboratory and pilot equipment for research
and developmenton customers’ requirements. SIMA-tec is able to integrate new techniques in
specialized plants according to customers’ requirements. Innovative aspects and main advantages
of the equipment are the high degree of automation and a highly precise recording of measured data.
The S.T.E.P. Rautenbach Yüce Gebel Consulting GmbH is a small independent consultant company
based in Aachen/Germany working in the field of Energy- and Process-Engineering for more than
15 years. The main focus of the consultancy services lies on membrane separation technology and
evaporation processes for drinking and waste water treatment on one side and on energy supply
by dual purpose systems on the other side.
The University of Bologna was founded in 1088 and is considered to be the oldest university in Western
Europe. Nowadays, it still remains one of the most important institutions of higher education across
Europe with more than 90.000 enrolled students, 23 faculties, 69 departments, 3000 academics
and 3000 administrative staff.
Ranked the number one agricultural institute in Europe and number two in the world, INRA carries
out mission oriented research for better food and nutrition, preservation of the environment and
competitive, sustainable agricultural practices. INRA participates to DROPS through UMR759,
Research Unit for Ecophysiology of Plants under Environmental Stress (LEPSE), common with the
Agricultural university SupAgro.
BionActis International Group SA (Bionactis) is located in the centre of the trinational Valais area
(Switzerland –France – Italy). This company was established in order to develop and market
economical, clean and energy efficient industrial processes, using subcritical gases where liquid
solvents are presently used.
The Department of Chemistry of Sapienza University of Rome has a distinguished history and a
tradition of excellence in research, teaching, and service. Its high-rank scientific productivity is
documented by 1220 articles published in peer-review international journals in the past 5 years. The
Department of Chemistry offers a suite of advanced equipments and facilities that will be employed
to accomplished the objectives of the WATER4CROPS.
VITO is a contract research organization that implements client-driven research projects and develops
innovative products and processes. The multidisciplinary skills and technological know-how of
more than 600 researchers make this organization a crossroads of technology, where state-of-theart technologies are successfully blended into practical applications.
ALTERRA is the research institute for our green living environment and part of the Stichting
DienstLandbouwkundig Onderzoek. ALTERRA offers a combination of practical and scientific research
in a multitude of disciplines related to the green world around us and the sustainable use of our
living environment. The exchange of expertise and capacity and the match between fundamental
and practical research in various projects gives ALTERRA a scientific advantage.
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Phytorem is a highly specialised company that creates, develops and markets turnkey
phytoremediation operations. The company combines knowledge and multidisciplinary skills:
sanitation, project engineering, agronomy, climatology, hydrology, chemistry and ecophysiology.
This unique combination of skills enables PHYTOREM®S.A. to plan and optimise the treatment
efficiency of each plant species used in its bio-treatment facilities.
The Department of Environmental Engineering of the Technical University of Crete accepted its first
undergraduates in October 1997 and its first graduate students in February 1998; and very quickly
became a major centre of environmental engineering research in Greece. Presently, the Department
has 18 faculty members and another 3 faculty positions are under review.
CER has been carrying out researches on the rational use of water resources since 1959. CER has
become involved in various projects financed by the EU since 1990. The main fields of research that
have been developed over the years are the following: crop response to irrigation and Water Use
Efficiency; Irrigation scheduling; development of irrigation strategies with minimised environmental
impact; establishment of the parameters of plant growth, yield and produce quality development;
development of Irrigation and Fertigation Decision Support Systems
Vita 34 AG business unit BioPlanta (www.viat34.com/bioplanta)is a team of engineers and scientists
highly specialized in Bio- and Phytotechnologies. Engineering services and applied research were
combined to develop innovative biological treatment technologies. Among others BioPlanta renders
engineering and consulting services for passive treatment and recycling of municipal, industrial
wastewater, landfill leachate and mine water in international projects..

IndiaN Consortium Partners
The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) is a non-profit,
non-political organization and the 15 agricultural research centers of the Consultative Group on
International Agricultural Research(CGIAR). ICRISAT conducts its research under Agro-ecosystems
development, Harnessing plant biotechnology and bioinformatics, Crop improvement and
management, and Institutions, Markets, policy and Impacts.
Larsen & Toubro (L&T) is a technology, engineering, construction and manufacturing company. It
is one of the largest and most respected companies in India’s private sector.L&T’s Water & Solar
business caters to the entire value chain of water and solar EPC. The water and effluent treatment
business covers water intake, transmission, treatment and distribution including industrial waste
water treatment & disposal and ordinary waste water treatment & reuse segments.
The Energy and Resources Institute, commonly known as TERI established in 1974, is a research
institute based in New Delhi focusing its research activities in the fields of energy, environment
and sustainable development, devoted to efficient and sustainable use of natural resources.TERI
has established a presence in North America and Europe and on the Asian continent in Japan,
Malaysia and the Gulf. In its 38 years of existence, TERI has completed more than 2600 projects
and has about 20 divisions.
PRAJ Matrix (PRAJM), Praj Industries Ltd is a global knowledge-based company with expertise and
experience in bio-processes, engineering and projects. Praj is also deeply engaged into two major
growth platforms – one focusing on Industrial Solutions for Water & Wastewater Management and
Critical Process Equipment & Systems and the other on BioBased Products. PRAJ Matrix is the R&D
center which undertakes and executes research Programs to serve technology requirements for
the business units of Praj.
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EIRC Consulting Private Limited is a research and management Consultancy Company based in
Bangalore, India, with cross-sectoral expertise in varied industrial & technological segments such as
Information Technology, Biotechnology, Aerospace, Energy, Environment etc. EIRC facilitates research
and business collaboration between India and Europe through comprehensive training and consulting
services. EIRC has participated in several EU projects and is also the coordinator of the FP7 National
Contact Point (NCP) network for ICT in India.

University of Agricultural Sciences, Bangalore (UASB) with a mandate of teaching, research and
extension in the field of agriculture and allied subjects is one of the leading universities at all India
level. The area under this university has varied crop and soil diversity making it as one of the unique.
UASB will conduct field experiments, soil and water analysis or any other activity in UASB jurisdiction
related to the WP4 component of the project.

The M.S. Swaminathan Research Foundation (MSSRF)is a leader in the field of food and agriculture
among non-governmental research organizations in India and beyond. MSSRF’s vision is to harness
science and technology for sustainable and equitable development. It combines modern science
with action research and influence policy issues. Its programs are grouped under six thematic areas Coastal Systems Research, Biotechnology, Biodiversity, Ecotechnology, Food Security and Information,
Education and Communication.

Ion Exchange (India) Ltd. is an established leader in Asia, offering total water management solutions to
industries, homes and communities. It enjoys an excellent market reputation with a well-documented
history of success in water projects, spanning over four decades of operation. The company has
executed over 40,000 installations across the globe including over 400 major installations for the
Power, Petrochemicals, Fertilizers and other core industries.

Ion Exchange (India) Ltd. is an established leader in Asia, offering total water management solutions to
industries, homes and communities. It enjoys an excellent market reputation with a well-documented
history of success in water projects, spanning over four decades of operation. The company has
executed over 40,000 installations across the globe including over 400 major installations for the
Power, Petrochemicals, Fertilizers and other core industries.

National Environmental Engineering Research Institute (NEERI), a constituent laboratory of CSIR
endeavours to provide Leadership in environmental science and engineering for sustainable development.
It was established in Nagpur in 1958 and devoted to research and innovations in environmental science
and engineering besides solving a range of problems posed by industry, government and public.
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University of Agricultural Sciences, Dharwad (UASD) came into existence in October 1986 with a mandate
of teaching, research and extension in the field of agriculture and allied subjects. UAS Dharwad is well
known by virtue of its high academic standards and effective transfer of technology. It was associated
with McGill university CIDA funded project on Food Processing and presently has IDRC funded project
on Food Security. Has many scientists who have international exposure and capacity to have executed
multi-partner international projects.
Jain Irrigation Systems Ltd., India (JISL) is a multinational organization based in Jalgaon, India. JISL
employs over 10,000 employees, has 28 manufacturing plants, and manufactures a number of products,
including drip and sprinkler irrigation systems and components etc. The division’s pool of over 800
agriscientists, technologists and technicians are well equipped to render consultancy for complete
or partial project planning and implementation e.g. Watershed or Wasteland and/or Crop Selection
and Rotation.
SAB Miller India is the wholly owned subsidiary of SABMiller PLC, the global brewer with presence in
more than 60 countries and a brand portfolio of more than 200 brands. Sustainable Development is
a core part of SABMiller’s business. The group is engaged with local stakeholders in each country to
develop watershed protection programmes.Measures are taken by the company to reduce, reuse and
recycle water consumption at its biorefinaries, drive performance improvement in water efficiency
and enhance focus on Water supply assessment.
The Ugar Sugar Works Ltd is the flagship organization of the Shirgaokar Group of Companies. The
company has been involved in the manufacture of white crystal sugar for over 65 years. The Ugar Sugar
Works Ltd., being the largest sugar manufacturing company in the South of India, has developed a
very good environmental protection mechanism in and around the plant.

Contact
Project Coordinators:
Dr. Suhas P Wani, Scientific Coordinator - India
ICRISAT, Hyderabad, India
s.wani@cgiar.org
Dr. Antonio Lopez, Scientific Coordinator - EU
IRSA CNR, Bari, Italy
lopez@irsa.cnr.it

Dissemination Partners:
EIRC Consulting Pvt. Ltd, India
STEP Consulting, Germany

Contact information:
info@water4crops.org
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