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Letter from the Editor: 
Jan 28th, 2024

Dear readers of the Duckweed Forum,

Welcome to the opening issue of our community newsletter for 2024, where we bring you news for
events in our community as well as updates on people and achievements related to duckweed.  

On the cover of this issue, you will find a virtual picture that announces the arrival of duckweed, in this
case  Wolffia  globosa,  in  space  as  astronaut  food  for  the  first  time.  In  an  article  by  Tsipi  Shoham  from
GreenOnyx,  who  is  also  a  long-time  member  of  the  ISCDRA,  the  venture  of  fresh  duckweed  into  the
International Space Station and its consumption by the astronauts there was described. This historic sojourn
of the little plant in November 2023 marks the first time that duckweed was produced and transported into
space explicitly as human food. While this can be viewed as a modest validation of the feasibility to store and
consume fresh duckweed under conditions of microgravity, it can have big implication for the future of space
travel and colonization using duckweeds. It is a happy coincidence that the article of Romano  et al. in the
Database section of this issue is also focused on the study of W. globosa’s developmental and morphological
traits under different levels of gravity. Together, these efforts illustrate the unique qualities of this tiny plant that
can have so much to offer for our imagination to explore in the interest of scientific and commercial objectives.

Two Commentary articles in this issue provide summaries for the two Highlight articles selected in the
last  Duckweed Forum issue.  Schwender  and Shanklin  described their  recent  publication that  detailed flux
analysis of primary metabolites, which led to the conclusion that posttranslational regulation could be much
more  important  than  transcription  in  controlling  production  of  these  important  pathways.  In  a  second
Commentary, Peterson et al. explained the need and challenges of cryopreservation for the duckweed family.
While the rate of  survival  is still  rather  low for some genera of  duckweed,  several  approaches have been
proposed by the authors to carry out in order to overcome this hurdle in the future. Also, description of a newly
formed organization called the European Duckweed Network was described by Quinten Bafort from Belgium.
For sure,  the ISCDRA will  be ready to work with this  organization to manage our  meeting schedules and
synergize between our activities to minimize redundancy between them.

Importantly,  calls  for  nomination  of  members  to  be  elected  to  the  next  International  Steering
Committee for Duckweed Research and Applications as well as for hosting the next International meeting, the
8th ICDRA, are announced. I encourage our readers to look at these calls and participate as much as possible
to the benefit of our growing community.

My warmest greetings,

Sincerely,

Eric Lam

Chair, ISCDRA
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SpaceX CRS-29: A historic 
launch of duckweed into 
Space
Tsipi Shoham
PhD, GreenOnyx CEO & Co-founder (Email: tsipi@greenonyx.biz  )

GreenOnyx has unveiled its  flagship product Wanna Greens®,  fresh Wolffia plants,
making history as the first intentionally sent duckweed plant for a ready-to-consume
form, launched into space aboard SpaceX to the International Space Station (ISS). This
historic  achievement  was  realized  on  November  9,  2023,  as  part  of  the  CRS-29
resupply mission. The launch included a proprietary  tube  package of fresh Wanna Greens® for convenient
consumption by astronauts and a miniature duckweed cultivation module developed by GreenOnyx, receiving
NASA's approval.  
Duckweeds are renowned for their nutritional value, resource utilization efficiencies, compact size, and rapid
growth rate, positioning them as ideal candidates for NASA's objective of cultivating maximum food within the
constraints of limited space and resources, as encountered in space environments. 

Cultivated  on  a  proprietary,  eco-friendly  indoor  farm  in  Israel,  Wanna  Greens®  represents  the  inaugural
autonomous sterile production-line in agriculture. With a dependable shelf life of up to six weeks, it presents a
convenient  "just  spoon  it"  choice  for  daily  servings  of  fresh  greens,  characterized  by  a  delightful  taste,
sprinkles-like texture, and caviar-like appearanc
In  the  context  of  space  exploration,  Wanna  Greens®  addresses  the  health  challenges  of  astronauts  by
providing  fresh,  nutrient-rich  food.  NASA  recognizes  the  importance  of  fresh  nutrition  in  supporting  the
immune system, bone health,  and overall  physiological  and mental  functions.  As space agencies plan for
future long-duration missions, Wanna Greens® aims to revolutionize astronaut nutrition, contributing to the
well-being of space travelers during extended space journeys and potential colonization endeavors on Mars.
NASA's  interest  in  duckweed  for
potential  space  use  led  to  GreenOnyx
experiments  on  the  ISS,  exploring
growth  patterns,  nutrient  content,  and
the  potential  of  duckweed  as  a
sustainable  fresh  food  source  for
astronauts  on  long-duration  space
missions.  The experiments involve  the
Duckweed Miniature Cultivation Module
(left  figure),  employing  GreenOnyx's
proprietary  technology  to  cultivate
duckweeds in microgravity. Additionally,
the  Duckweed  Safe  Space
Consumption  in  Zero  Gravity
experiment tests a food tube for storing
and  consuming  duckweeds  in  space.
The  success  of  these  experiments
highlights  duckweed's  capability  to
thrive under ISS conditions and the resilience of Wanna Greens®, remaining fresh and ready for consumption.
The  collaboration  between  Wanna  Greens® and  the  space  industry  signifies  a  notable  advancement  for
duckweeds in the realm of vegetables and sustainable agriculture. This aligns seamlessly with ambitious plans
for the future of space travel.
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Wanna  greens®  miniature  cultivation  module: The  Nanoracks  module
(10cmX10cmX20cm),  housing the GreenOnyx cultivation technology (left),
installed  within  the  Nanoracks  Nanolab  (right)—a  plug-and-play,  open-
sourced, standardized hardware platform aboard the ISS.
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Commentary: Duckweeds 
as model organisms for 
metabolic studies 
Jorg Schwender* and John Shanklin
Biology  Department,  Brookhaven  National  Laboratory,
Upton, NY, 11973, USA
* Email for correspondence: schwend@bnl.gov

Duckweeds have  many practical  applications,  for  example  in
human nutrition, as animal feed, in the production of bioplastics
or vaccines, and phytoremediation (Acosta et al., 2021). Under
most  conditions,  they  reproduce  asexually  which  provides
genetically uniform material with predictable patterns of growth that make them ideal as sentinel organisms
for phytotoxicity testing  (Park et al.,  2021). Asexual growth also results in high biomass production which
makes duckweeds promising candidates as biofuel  feedstocks  (Acosta et al.,  2021;  Liang et al.,  2023).  In
addition,  duckweed  species  like  Lemna  minor and  Spirodela  polyrhiza are  also  reemerging  as  model
organisms in plant  biology as high-quality  full  genome assemblies and other  genomic resources become
available (Chang et al., 2016; Acosta et al., 2021). We argue that duckweed species are particularly of interest
for  the  study of  primary  plant  metabolism. Primary  metabolism concerns  the  part  of  metabolism that is
directly involved in the growth and development of plants, and which tends to be highly conserved among
plant species. What makes duckweeds particularly attractive is that when grown on liquid media more precise
control  of  physiological  conditions  can be  attained  relative  to  growth  of  plants  in  soil.  Also,  due  to  their
relatively simple anatomical structure and asexual reproduction of fronds by budding, precise characterization
of the physiological state under study is possible through one simple metric, i.e., the specific growth rate (rate
of dry weight increase per existing dry weight),  which can be incorporated relatively  easily  into metabolic
models. This is not possible for land plants, such as Arabidopsis, because over the course of their life cycle,
they  go  through  multiple  growth stages  and phases of  anatomical  differentiation,  which are  much  more
complex  to  quantify.  Furthermore,  duckweeds  can  grow  on  organic  substrates  under  heterotrophic  or
photomixotrophic  conditions  that  facilitate  isotope  tracer  studies.  For  example,  in  a  previous  study  on
duckweed by one of the authors, Lemna gibba (L). was grown on glucose with a position-specific 13C-label that
can be detected and resolved by Mass Spectrometry or Nuclear Magnetic Resonance spectrometry. Using this
approach,  the  13C-label  was traced into biomass compounds formed from glucose,  particularly isoprenoid
compounds. Some of the resulting labeling patterns were in apparent disagreement with predictions based on
known metabolic pathways for the biosynthesis of isopentenyl pyrophosphate, the universal building block for
isoprenoids,  (Lichtenthaler et al., 1997). From this data it was deduced that isoprenoid compounds such as
carotenoids and isoprenoid chains of phytol and plastoquinone, synthesized in the chloroplast, are produced
via  a  previously  unreported  plant  metabolic  pathway,  now  known  as  the  methylerythitol/deoxyxylulose-5-
phosphate pathway (Lichtenthaler et al., 1997). 

The  principle  of  tracking  individual  substrate  carbon  atoms  through  metabolic  networks  is  exploited  in
metabolic flux analysis, a computational approach that provides a quantitative picture of the distribution of
metabolic flux through branches and cycles within the primary metabolism network (Sauer, 2006; Clark et al.,
2020). Recent studies in plants have shown that such flux measurements in primary metabolism, particularly
when  combined  with  other  biochemical  data  such  as  enzyme  activity,  metabolomic,  transcriptomic  or
proteomic profiles, can improve our understanding of pathway regulation (Schwender et al., 2015; Canas et al.,
2017).  Using  this  idea,  we  recently  set  out  to  demonstrate  the  usefulness  of  duckweeds  for  multi-omic
metabolic studies (Shi et al., 2023). Lemna gibba fronds were grown under low light on liquid media containing
glucose as a carbon source and either nitrate or glutamine added as the nitrogen source. The two nitrogen
conditions were then compared by quantification of their growth rates, compositional analyses of frond 
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biomass, targeted metabolomics of about 70 compounds and whole transcriptome analyses.  13C-Metabolic
Flux Analysis (13C-MFA) was carried out, after fronds were grown on  13C-labeled glucose. Regarding growth
metrics, when growing on glutamine, Lemna grows 1.4 times faster than when fronds grow on nitrate, which is
not unexpected since nitrate reduction has an energetic cost whereas glutamine already supplies nitrogen in a
reduced  form.  The  results  further  showed  how  a  reorganization  of  primary  metabolism  takes  place  to
accommodate the needs of  growing fronds with respect to the different  nitrogen inputs.  In  nitrate grown
fronds,  all  the  amino  acids  of  the  aspartate  and  glutamate  families  are  synthesized  de  novo from
intermediates of the tricarboxylic acid (TCA) cycle (Figure 1 A). The intermediates withdrawn from the cycle are
replaced by  organic  acids  derived  from glycolysis.  When glutamine  is  present  instead of  nitrate,  the  flux
distribution within the TCA cycle changes significantly and is reorganized so that no glycolytic intermediates
enter the cycle (Figure 1A, red). Instead, carbon backbones from the abundant glutamine nitrogen source are in
part converted into other amino acids of the glutamate family or enter the TCA cycle to be converted into
amino acids in the aspartate family. Despite this substantial reorganization of TCA cycle fluxes, we observed
that, while well-known nitrate-inducible genes showed expected transcriptional responses, the changes in flux
around the TCA cycle were not associated with changes in transcript levels of the corresponding genes. This
implies that posttranslational regulation predominates over transcriptional regulation for primary metabolism.
In addition to the observations related to the TCA cycle, the  13C-MFA data showed that, while growing with
glucose under low light, the Calvin Benson Bassham (CBB) cycle is fully operational and fixing CO2 (Figure 1B).
At  the same time,  a  substantial  fraction of  glucose carbon is  oxidized  by  passage through the  Oxidative
Pentose Phosphate Pathway (OPPP), which generates CO2. The simultaneous activity of CBB and OPPP cycles
represent an energy-consuming metabolic  cycle,  and it  is  believed that  this  condition  is  normally  avoided
during active photosynthesis by mechanisms that suppress OPPP activity in the light. Recently, however, it
appears that the OPPP activity is not always completely inactivated in the light and that certain physiological
functions can be attributed to the simultaneous operation of the CBB cycle and OPPP in plants, which is now
referred to as the so-called glucose-6-phosphate shunt (Sharkey and Weise, 2016).

 Figure 1: Flux distribution associated to the tricarboxylic acid (TCA) cycle (A) and the Calvin-Benson-Bassham (CBB)
cycle (B) in growing Lemna gibba fronds. Arrow thickness represents carbon flux. Black arrows represent the growth
condition under which fronds grow on glucose with nitrate as a carbon source. Major changes in flux of significance
under the glucose/glutamine growth condition are shown in red. Both panels  A and  B are adapted from Shi et al.
(2023).  Abbreviations:  Ac-CoA,  Acetyl-Coenzyme  A;  Cit,  Citrate;  E4P,  Erythrose  4-phosphate;  Fum,  fumarate;  HP,
Hexose phosphate; ICit, Isocitrate; KG, α-Ketoglutarate; Mal, Malate; OAA, Oxaloacetate; PEP, Phosphoenol pyruvate;
PGA,  3-Phosphoglycerate;  Pyr,  Pyruvate;  RuBP,  Ribulose  1,5-bisphosphate;  RuP,  Ribulose  5-phosphate;  S7P,
Sedoheptulose 7-phosphate; Succ, Succinate; TP, triose phosphate; XP, Xylulose 5-phosphate.

Taken together, our observations on the reorganization of fluxes around the TCA cycle and operation of the
glucose-6-phosphate shunt underscore that primary metabolism is under complex multi-level control and that
metabolic flux analysis can play an important role in understanding it. When it comes to engineering primary
metabolism of duckweeds, for example to increase accumulation of triacylglycerols to high levels in growing
fronds  (Liang  et  al.,  2023),  metabolic  flux  analysis  can  provide  important  information  which  along  with
emerging genetic resources should greatly benefit such engineering and modeling efforts. In recent years, high
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quality genomes have been published for the duckweed Spirodela polyrhiza and 9 other Lemnaceae genome
assemblies are currently in publicly accessible sites (Wang et al., 2014; Ernst and Martienssen, 2016; Michael
et al., 2017; Hoang et al., 2018; An et al., 2019; Acosta et al., 2021; Ernst and Martienssen, 2023). They should
enable detailed comparative analysis of the metabolic architecture across species in the Lemnaceae family
and in comparison to other higher plants.

Acknowledgements: J.  Sc.  and J.  Sh. are grateful for funding by the U.S.  Department of Energy,  Office of
Science, Office of Biological & Environmental Research (DE-SC0018244) and the U.S. Department of Energy,
Office of Science, Office of Basic Energy Sciences, specifically through the Physical Biosciences program of
the Chemical Sciences, Geosciences and Biosciences Division, under contract numbers DE-SC0012704 (to J.
Sc.) and KC0304000 (to J. Sh.).
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Commentary: 
Cryopreservation of 
duckweed genetic diversity 
as model for long-term 
preservation of aquatic 
flowering plants
Anton Peterson 1,2*, Olena Kishchenko 1,2, Ingo Schubert 1 and Manuela Nagel1*

1Leibniz  Institute  of  Plant
Genetics  and  Crop  Plant
Research  (IPK),
Corrensstraße  3,  06466
Gatersleben,  Germany.  ROR
(Research  Organization
Registry)-ID  of  IPK:
https://ror.org/02skbsp27

2Institute  of  Cell  Biology  and
Genetic  Engineering,
National Academy of Science of Ukraine, Acad. Zabolotnogo Str. 148, 03143 Kyiv, Ukraine

*Emails for correspondence: peterson@ipk-gatersleben.de (A.P.) and nagel@ipk-gatersleben.de (M.N.)

Cryopreservation commonly requires ultra-low temperatures below -130°C to minimize or arrest molecular
motions and, hence biochemical activities in biological systems [1]. The lowest natural temperature measured
on the Earth’s surface (in Antarctica) was −89.2°C. Nevertheless, a number of cell types and tissues, including
cells  of  vascular  plants,  can survive  ultra-low temperatures,  such as those of  liquid nitrogen,  -197°C.  For
example, desiccation-tolerant, dehydrated seeds [2] and pollens [3] and dormant buds of some frost-resistant
species  of  trees  [1]  can regrow after  exposure  to  -197°C.  However,  for  cryopreservation  of  plant  genetic
resources that cannot be directly cryopreserved (i.e. unlike desiccation-tolerant seeds, pollen or dormant buds)
tissues are pretreated before exposure to ultra-low temperatures. This applies, for instance, to excised shoot
tips or embryos containing meristematic cells.  Meristems contain undifferentiated self-renewing populations
of pluripotent stem cells, which can foster cell differentiation and development after cryopreservation.

For successful cryopreservation, it is necessary to avoid intracellular ice crystal formation during cooling and
rewarming and to induce vitrification of the cytoplasm [1]. Vitrification is the physical process during which the
cytoplasm transits from the aqueous state into an amorphous, glassy state. This is achieved by increasing the
concentration of cellular solutes that prevent the growth of ice crystals either by osmotic or physical tissue
dehydration and/or by compounds that penetrate the tissue, increase the concentration of cellular solutes and
provide protection against  ice crystallization.  Plant  vitrification solutions (PVSs)  contain  a  combination of
cryoprotectants  which  may  lead  to  osmotic  dehydration,  by  elevated  sucrose  concentrations,  and  by
penetrating compounds such as glycerol and dimethyl sulfoxide (DMSO). However, these compounds can also
be toxic. Therefore, the regrowth after cryopreservation depends, among other factors, on the inhibition of ice
crystallization through cryoprotecting substances, the toxicity of cryoprotectants and the cooling and warming
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speed.  In  any  case,  the  smaller  the  explant  to  be  cryopreserved,  the  more  rapid  the  penetration  of  the
cryoprotecting substances and the cooling and warming speed could be affected. Thus, the main reason for
the highly laborious and sophisticated separation of the meristematic tissue or shoot tips from other types of
tissues  during  preparation  for  cryopreservation  is  to  provide  the  minimal  size  of  the  explant  for
cryopreservation.

The need for long-term storage by cryopreservation of duckweed germplasm is mainly due to its fast clonal
propagation,  which otherwise require  substantial  resources  to maintain  a  live  duckweed collection with  a
significant  number  of  clones.  Furthermore,  conventional  seed  storage  is  nearly  impossible,  since  most
duckweeds bloom rarely and in many cases the seeds do not germinate. Due to reduced body architecture of
duckweed, separation of the meristematic tissue for cryopreservation is also challenging. However, duckweed
fronds are of small dimensions which allow one to cryopreserve them in standard 2.0 ml cryo-tubes as whole
organisms.  In 1993, Sauter reported successful regrowth of representatives of  Lemna and Landoltia genera
after vitrification using highly concentrated solutions of glycerol (50% – 60%) prior to cooling of whole fronds
[4]. We were not able to reproduce these results. In 2011 the patent # WO2011005502A3 (Biolex Therapeutics,
Inc) disclosed another method for duckweed cryopreservation by vitrification based on whole fronds and use
of a highly concentrated solution of sucrose, glycerol and DMSO. This method is time- and labor-consuming
and  required  expensive  equipment  for  controlled  cooling.  Our  aim  was  to  develop  a  rapid,  reliable
cryopreservation approach which is applicable to a range of duckweed species and based on whole duckweed
fronds [5]. In addition, we studied the performance of the photosynthetic machinery of the duckweed fronds
after recovery from cryopreservation.
The  protocol  was  developed  using  21  Lemnaceae
accessions  of  the  genera  Spirodela,  Landoltia,
Lemna, and Wolffia [5]. Briefly, duckweed fronds were
aseptically  sub-cultured  for  1-2  weeks.  Afterwards,
fronds  were  pre-cultured  in  liquid  Schenk  &
Hildebrandt nutrient medium with 5% glycerol and 0.4
M  sucrose  at  25°C  for  36  to  48  hours.  Whole
duckweed fronds were collected with custom-made,
single-use perforated foil inserts, transferred to test-
tubes  and  spin-dried  by  centrifugation.  The
centrifuged foil inserts with fronds were submersed
in  pre-chilled  PVS3  (50%  glycerol,  50%  sucrose)  in
cryovials,  incubated on ice in  darkness for  4h,  and
then  vials  were  plunged  into  liquid  nitrogen  for
storage.  After  rewarming,  a  combination  of  an
elevated temperature (29°C) and a specially designed
illumination regime was applied.
During  our  experiments  [5],  we  observed  light-
mediated  bleaching  of  cryopreserved  duckweed
fronds.  Immediately  after  rewarming the duckweed
fronds  were  green  and  preserved  this  color  when
incubated  in  darkness.  However,  after  exposure  to
light, the rewarmed fronds started to bleach due to
degradation  of  the  chlorophyll  and  of  the  entire
photosynthetic  apparatus.  This  leads  eventually  to
the death of the rewarmed fronds. Literature did not
report  on  similar  processes,  because  mostly  isolated  meristem  tissue  with  undeveloped  photosynthetic
apparatus were used as explants for cryopreservation.
When we estimated the performance of the photosynthetic machinery, we found in rewarmed fronds about
half the amount of chlorophyll compared to non-cryopreserved fronds, but the photosynthetic performance of
the rewarmed fronds was almost at zero level and did not recover. Apparently, the photosynthetic machinery is
completely and irreversibly damaged during cryopreservation, and degradation of chloroplasts after exposure
to light seems to be due to incapability of the electron transport chain to utilize the energy of accepted photons
which could lead to oxidative damage. 
Incubation of duckweed fronds in darkness after cryopreservation leads in most cases to absence of regrowth.
Attenuated  illumination leads  to  at  least  rare  occasions  of  regrowth.  The  illumination of  the  fronds after
cryopreservation  appeared  to  be  necessary  in  most  cases  to  induce  regrowth.  We  concluded  that  only
meristematic tissues with immature plastids can be recovered after cryopreservation to give rise to new plants
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 Figure.  1.  Regrowth  of  new  (daughter)  fronds  after
cryopreservation of different duckweed species: A - Spirodela
polyrhiza 9509;  B  -  Lemna  minuta 9260;  C  -  Landoltia
punctata 5562; D - Wolffia australiana 8730. Bar corresponds
to 1 mm.



(Figure  1),  while  somatic  tissues  with  fully  developed  photosynthetic  apparatus  are  damaged  during
cryopreservation and die after rewarming and exposure to light.  Therefore, cryopreservation of duckweeds
requires conditions that enable development (regrowth) of new fronds from meristematic tissues before the
mother fronds die.
Overall,  the newly developed protocol shows major advantages in comparison to previous cryopreservation
approaches.  (1)  Using  newly  designed single-use  perforated  foil  inserts  allows for  20  –  50  fronds  to  be
collected simultaneously by one movement and transferred to the test-tube. The inserts provide additional
protection against contamination, especially when simultaneously working with a large number of accessions,
and decrease the variability in regrowth by spin-drying of duckweed fronds from the rest of growth medium
before submersion in PVS3. (2) A combination of newly designed pulsed illumination combined with increased
cultivation temperature at the early regrowth stage provided an average of 51.3% ± 20.6% regrowth of all 21
cryopreserved  accessions  of  8  species  as  well  as  3  interspecific  hybrids  and  allows  their  long-term
preservation in liquid nitrogen. The highest level of regrowth was identified for L. punctata 5562.

Questions important for future work to address are those related to the apparent competition between light-
induced death of somatic tissues in rewarmed fronds after cryopreservation, and light-induced regrowth via de
novo development of daughter fronds from meristematic pockets of the rewarmed fronds. For example:

(1) Is only light-mediated damage to the photosynthetic apparatus responsible for the death of somatic tissues
after vitrification and cryopreservation?

(2)  What  is  the  nature  of  light-sensing  system  that  is  responsible  for  induction  of  new  fronds  from
meristematic tissue after cryopreservation?

(3) Is this induction system for new fronds located in meristematic or in somatic tissues of the fronds?

(4) Is it possible to recover also somatic parts of duckweed plants after cryopreservation?

In conclusion, duckweed provides an ideal model to discover the answers to these questions and to study
fundamental  processes  during  cryopreservation  that  could  allow  for  further  simplification  of  the
cryopreservation procedure, such as by using just minimal sugar-free growth medium for regrowth and to
remove the requirement for using aseptic in vitro plant cultures as material for cryopreservation.

Currently,  we  are  developing  a  versatile  cryopreservation  protocol  to  ensure  sufficient  regrowth  for  all
Lemnaceae species,  focusing  on  pre-cultivation  conditions  to  increase  the  proliferation  potential  of  the
meristematic tissue of the fronds. We hypothesize that fronds with meristematic tissue, actively proliferating
just before cryopreservation, may be able to produce de novo fronds faster after cryopreservation and storage.
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The European
Duckweed Network
Quinten Bafort 
(quinten.bafort@psb.vib-ugent.be) on behalf of the European Duckweed Network

Seven Flemish research groups and two European partners joined forces to create a European Duckweed
Network funded by the Research Foundation Flanders and Universities Wales. The objective of the network is
to facilitate multi-disciplinary collaboration and knowledge transfer within Flanders and Europe to promote the
further development of duckweed cultivation for a more sustainable future.
One of the main interests of the current partners is duckweed cultivation for food and feed purposes including
nutrient  recycling.  With  Inagro  vzw  (https://inagro.be/eng)  and  the  RE-SOURCE  LAB  (Ghent  University,
https://www.re-source.bio/),  the  network  includes  key  players  and  duckweed  pioneers  in  Flanders.  These
partners have experience with pilot scale operations and ample expertise in cultivation systems, food and feed
safety and assessing the economic value of duckweed crops, as well as the legal framework for cultivation
and  applications.  Two additional  European  partners,  namely  the  Plant  Stress  Research  Group  (University
College Cork,  https://www.ucc.ie/en/plantstress/) and Agriculture and Environment (Aberystwyth University,
https://www.aber.ac.uk/en/ibers/) strengthen the network with their experience on duckweeds for wastewater
remediation  and the  circular  economy.  Furthermore,  Marcel  Jansen  will  facilitate  the  complementarity  of
European activities with international ICDRA activities.
Another  key  interest  is  wastewater  remediation.  Several  partners  are  specialized  in  the  impact  of  abiotic
stressors on duckweeds and how duckweeds adapt to these stressors. The Biosphere Impact Studies group
(Belgian  Nuclear  Research  Centre,  https://www.sckcen.be/en)  and  the  Centre  for  Environmental  Sciences
(Hasselt  University,  https://www.uhasselt.be/en/instituten-en/cmk-centre-for-environmental-sciences)  study
the impact of heavy metals, radionuclides, and ionizing radiation on duckweeds. At the University of Antwerp,
the  ECOSPHERE  Research  Group  (https://www.uantwerpen.be/en/research-groups/ecosphere/)  and  the
Integrated  Molecular  Plant  Physiology  Research  Group
(https://www.uantwerpen.be/en/research-groups/impres/)  collaborate  with  the  group  at  University  College
Cork to study the impact of PFASS and UV radiation. The Bioinformatics and Evolutionary Genomics Group
(Ghent University, https://www.vandepeerlab.org/) is investigating the impact of polyploidy on stress tolerance.
Additionally, partners at Hasselt University are working on biochar production from organic waste streams
which  can  be  applied  together  with
priming  technologies  to  improve
duckweed  yield  and  stress  resistance.
Combining  the  substantial  expertise  and
knowhow  of  cultivating  duckweed  in  a
wide variety of conditions and at different
scales  will  facilitate  duckweed-based
wastewater  remediation  solutions  where
harvested  biomass  stimulates  nutrient
retention  and  a  circular  economy  by
producing fodder and biochar. 

The  European  Duckweed  Network  will
organize  small-scale  conferences,
workshops,  and  webinars.  You  are  very
welcome  to  join  the  network  and  follow
our  activities  on  LinkedIn
(https://www.linkedin.com/company/the-
european-duckweed-network/).
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 Wolffia sp.  grown at  the farm of  Hans  Van De Steene in  Maldegem,
Flanders,  in  a  pilot  setup  from  Inagro  vzw  and  Ghent  University.  The
European Duckweed Network will support and stimulate similar initiatives
(Pictures by Quinten Bafort, Inagro vzw).
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Protein without footprints
Sven Kaufmann
Sustainable Planet 
(Email: sven@sustainablepla.net)

In 30 years, there will be 10 billion people on the planet requiring 50% to 70% more food.
The world is still largely consuming meat as a protein source. Livestock needs feed, 90%
of which is currently soybeans. However, there is not enough arable land available to
expand production to meet this higher demand for soybeans. The result is a “protein
gap”. Sustainable Planet (SP), a UK company, has taken up the challenge to revolutionize
protein production without further deforestation:  it is  a multi-award winning agri-tech
food production company that aims to combine agricultural technology with innovative,  simplistic farming
practices to address food security, combat climate change and regenerate decertified land. The company uses
non-arable land, utilising 15 to 20 times less water than other plant protein sources to produce 10 times more
protein  per  hectare.  It  will  accomplish  this  by  growing  and  processing  water  lentil  plants  into  various
foodstuffs,  which aside from producing protein at scale, also could act as a carbon sink:  they are a large
producer of oxygen and could potentially absorb 100 tons of carbon emissions per hectare per annum. 
Sustainable Planet Ltd is proud to address all UN Sustainable Development Goals (SDGs). With cost-effective
production  in  Africa,  Asia,  and  the  Middle  East,  Sustainable  Planet  Ltd  is  beginning  to  generate  jobs  for
disadvantaged communities, aids smallholder farmers, and transforms unusable, non-arable land into plant
protein  resources.  With  the  cooperation  of  local  governments  eager  to  provide  holistic  solutions  to
disenfranchised communities, Sustainable Planet Ltd works with governments and landowners to re-purpose
large tracts of non-arable land to grow food, including saline impacted zones in southern Mozambique. In so
doing, the company partners with local players to provide solutions, regenerating lands and assist in promoting
jobs, higher incomes and healthier lives. 

Water lentils have already been in the limelight for their exponential growth, a biomass that could double every
48 hours and a capability to grow 365 days a year: they are a highly scalable and sustainable food source. They
have more nutritional value and protein than soybeans, peas, spirulina, or chlorella. The plant is also a carbon
sink and valuable carbon credits, in part due to the company addressing all 17 UN SDGs, are created on the
back of this initiative. Finally, the plant ameliorates the soil in the ponds on which it sits (where geomembranes
are not required) absorbing over time nitrates from water and salt from soil. Water lentil protein could be used
to feed humans in plant-based meat and dairy alternatives. The by-product from this process can then be used
for high-end animal feeds. We are in the process of developing a variety of products that have far greater
demand than supply. Highest quality superfood supplements and products that do not offer protein alone can
be created using the isolate: from protein bars and shakes to pasta, bread and cereals, and are sold in health,
vegan and sports outlets. 
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Water Lentil production in Mozambique, December 2023 (Photo credit: Sustainable Planet)



After successful tests in 8 different countries across 4 regions, namely Asia, the Middle East, Northern and
Southern  Africa,  Sustainable  Planet  has  focused  its  flagship  project  in  Mozambique,  where  it  continues
research and sells animal feed to a local fish and chicken farmer. After initial trials in  Thailand in 2019, the
company  has  been  offered  6,000  ha  by  the  Mozambique  government  and  it  is  in  Mozambique  that  the
company has generated first revenues in animal feed.  The company plans to expand in the United Arabic
Emirate, where a site has been identified near Abu Dhabi. 
It is important to note that the source of nutrients used in our commercial water lentil production may vary
depending on the specific product usage, i.e. human or animal end use, but will follow the same basic stringent
criteria. We exercise diligence in all aspects of our water lentil cropping system and it goes without mention
that health and safety are vital in food production. Regarding the use of animal-derived nutrients, such as
chicken manure,  in our commercial duckweed production,  it  is possible that this may impact the usability
(salability/safety) of their protein extract. However, it is difficult to make a general statement about this without
a clear understanding of each specific detail required in every individual part of the production process. In our
case the raw product will undergo stringent phytosanitary control measures to circumvent any mishaps from
harvest to final processing as outlined below.
Freshly harvested raw water lentil with a water content of around 95% moisture content will go over a slow
conveyor system and be pre-checked by quality control graders for any obvious extraneous or foreign matter.
The collective mass is then spread thinly and passed along a conveyor screen section to be washed by an
array  of  suspended,  high-pressure  water  jets  to  remove  algae  and  impediments  before  undergoing  a
sterilisation bath process and final UV treatment to negate possible micro contaminants and E. coli. From here,
the raw material is taken either to the Isolate Powder processing section (mainly human targeted food market)
or to the bulk drying facilities (animal feed) where it is desiccated down to around 10% moisture content. A
further destruction of any bacterial contamination will arise in the individual hot belt drying and the isolate
processes of over 62  oC. It is important to note that the safety of novel protein sources for feed and food
production, including water lentil, is a topic of ongoing research in our business.
As for the marketing of the water lentil protein from Mozambique, it is possible that it can be marketed for both
local  and  export  in  the  animal  and
human food markets. Certainly, from an
African  perspective,  the  company  has
been approached to look at water lentil
protein  isolate  as  an additive  to  staple
foods,  for  famine  and  drought  relief-
which  is  a  no  brainer  with  the  plant’s
average  composition,  as  already
established by several researchers in the
field,  of  45% protein,  7% minerals,  37%
carbohydrates,  8%  fats,  and  3%  water
and  providing  nine  essential  amino
acids;  iron;  vitamins  A,  E,  and  B12;
omega  3;  zinc;  potassium;  and  folate.
Sustainable  Planet’s  combined
management with  many  years  of
experience in the technological,  finance
and agricultural sectors, with the added
value  of  its  exclusive  global  license
agreement from Wageningen University
regarding  a  patented  protein  extraction  method  to  isolate  the  RuBisCo  protein  from  water  lentils.  The
odourless, colourless and tasteless powder can be sold in the food industry to companies like Nestle, Unilever
and many others.  Sustainable Planet can provide high-end quality protein as needed in the food industry.
Sustainable Planet has also made product testing for animal feed pellets for fish, chicken, goats and cows, as
well  as  supplement  powder,  energy  bars,  pasta,  protein  bread  and  other  products.  First  products  were
showcased at Gulfood in 2023. Sustainable Planet Ltd is the winner of the Global Food Tech Challenge 2023
(1st out of 667 companies across 79 countries) as well as winner (out of 8,272 entries) of the African Southern
Region Global Startup Awards 2023. It is ranked Top 5 in Agri Tech from the whole continent. Finally,  the
company won the United Nations World Food Forum (WFF) Startup Innovation Awards - Better Nutrition 2023.
Sustainable Planet Ltd was invited by the United Nations to be part of their pavilion on Desertification and Land
Use at COP 28. There, the company promoted the plants attributes and some derived products.
More information at: www.sustainablepla.net; info@sustainablepla.net 
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Susan  Payne  and  Sven  Kaufmann,  Sustainable  Planet,  Winners  of  the
Global Food Tech Challenge, January 2023 (Left) and the United Nations
FAO Award for Better Nutrition, September 2023 (Right)
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Announcement: Call for 
Nominees as Candidates for
the 6th ISCDRA
The International Steering Committee on Duckweed Research and Applications (ISCDRA) was founded during
the  2nd International  Conference  on  Duckweed  Research  and  Applications  (ICDRA)  at  Rutgers,  the  State
University of New Jersey, New Brunswick, NJ in 2013.

Members of the ISCDRA cooperate with each other in order to steer and promote duckweed research and
applications for the benefit of our community. Assisting in the publication of the community newsletter, the
Duckweed Forum, is one of the obligations, among others, that are expected of the committee members.

Procedure for the election of members to the 6th International Steering 
Committee on Duckweed Research and Applications

1) The ISCDRA should consist of 5 members who will be elected before the biennial ICDRA in a secret poll.

2) Anyone who has previously attended any of the ICDRA or will attend the upcoming 7 th ICDRA in Bangkok,
Thailand can suggest potential candidates including themselves. Candidates should have attended at least
one of the three previous ICDRA meetings. Suggestions may be sent to the Chair of the present ISCDRA - Prof.
Dr. Eric Lam, Email: ericL89@hotmail.com. The deadline for submission of candidate names is 15th June, 2024.

3) The voting procedure will be announced in the upcoming DF issue in April, 2024.

4) The five newly elected members will be notified by email and they will elect the head of the committee
before the 7th ICDRA-2024 in Bangkok, Thailand.

5) In case that by chance all elected members are either from the applied field or from the research field, the
elected Chair will appoint one additional member from the missing field.

6) At the end of the ISCDRA meeting (General Assembly) the previous Committee will report shortly about the
activities since the previous election and the duty will be transferred to the newly elected ISCDRA.
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Request for applications to 
host ICDRA - 2026
In order to identify the best venue possible for the next meeting of the ICDRA, applications from interested
institutions/organizations are requested to be sent to one or more members of the ISCDRA by 15th September,
2024.

The applications should briefly introduce the proposed venue, its benefit/attractions, relevance to duckweed
research and/or applications, and the responsible organizer’s credentials as well as experience. The list of all
applications will be sent out to the community in the October, 2024 issue of “Duckweed Forum” before the 7th

ICDRA and decision by popular vote of the attendees will be made during the “General Assembly” at the end of
the conference in Bangkok, Thailand in November, 2024.
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Student Spotlight: Neha 
Kumari
Ph.D. Research scholar, Dept. of Environmental Science, Central University of
Kerala, India
(Email: nehacuk@gmail.com)

I am time and again fascinated by different kinds of plants, be it the ornamentals in
the garden or the crop plants or the myriads of flowering plants, realizing the crucial
functions  of  these  beings  in  our  environment.  Being  keen  on  studying  the
environmental  miracles  surrounding  us,  I  pursued  a  Master's  in  Environmental
Science at Central University of Kerala where I got a chance to see the amazing tiny
plant, Duckweed, in the Research lab of Dr. K Sowjanya Sree. The diversity of these
tiny  plants  and  their  distinctive  qualities  sparked  my  interest  in  studying  these
plants. 

During my very first year of Master's, I had the privilege to attend the 4th International Conference on Duckweed
Research and Applications organized by Dr. K. Sowjanya Sree at our University, which gave me a deeper insight
into Duckweed as a model plant. I was delighted attending the conference, as I got a chance to interact with
some of the world-renowned experts in the field of duckweed research: Late Prof. Satish C. Maheshwari, Prof.
Eric Lam, and Dr. Klaus-J. Appenroth. Soon thereafter, I worked for my Master's dissertation on the effect of
salinity stress in duckweeds in the lab of Dr. K Sowjanya Sree. Having the desire to understand these plants
better, I joined for Ph.D. in the same lab.

My  current  research  explores  the  plants'
excellent survival tactics in hostile settings
where  climatic  conditions  push  the
boundaries  of  existence.  Duckweeds
possess the ability to proliferate and adapt
to a wide range of environments. They use a
combination  of  several  strategies  such as
fast  reproduction,  formation  of  dormant
bodies,  efficient  nutrient  consumption,
adaptation to fluctuating water and nutrient
levels,  and  so  on,  in  order  to  survive  in  a
variety of environments.  The main objective
of  my  research  is  to  understand  the
complex  survival  strategies  used by  these
plants to thrive under conditions marked by
extreme  temperatures  and  limitation  of
water  resources.  Preliminary  analysis  into
the morphological, physiological, and biochemical adaptations of these plants to extreme temperatures have
shown that duckweeds can use several different survival strategies, and turion formation is only one of them.
The adaptations being studied will have an impact on our knowledge of the ecosystem resilience, biodiversity,
and will provide a deeper comprehension of the effects of climate change on plants.

My  understanding  of  plant  biology  has  widened  over  the  time  of  researching  these  plants,  and  I  have
developed a renewed interest in the complexities of botanical research. I am excited for the findings as I go on
this research journey with these remarkable tiny plants.

vol 12 (1), page 14 of 30

DUCKWEED FORUM



From the Database
Highlights

Full-length transcriptome and the identification of lncRNAs involved in 
salicylic acid-induced flowering in duckweed (Lemna gibba)
Fu, LL; Tan, DG; Sun, XP; Ding, ZH; Zhang, JM. Agronomy (Basel) (2023) 13: 2631.

Long noncoding RNAs (lncRNAs) are crucial components in regulating the flowering of plants. However, the
regulatory  mechanism  of  lncRNAs  underlying  salicylic  acid  (SA)-induced  flowering  remains  unknown  in
duckweed (e.g., Lemna gibba L.), an aquatic model species with significant potential applications in agriculture
and industry. In this work, L. gibba plants were collected at four crucial time points during SA-induced flowering
and subjected to PacBio full-length sequencing and strand-specific RNA sequencing. A total of 474 lncRNAs
were  identified,  of  which  31  were  differentially  expressed  and  involved  in  SA-induced  flowering.  A  trans-
regulatory  analysis  found  that  these  lncRNAs  displayed  temporal-specific  expression  trends  and  mainly
participated in stress metabolism, photosynthesis, jasmonate metabolism, and transport under SA treatment.
Five lncRNAs were determined to act as targets of miRNAs that played critical roles in regulating flowering. In
addition, fifteen lncRNAs showed co-expression with flowering-related genes, and lncRNA03 and lncRNA25
were  identified  as  key  players  involved  in  flowering  via  lncRNA-miRNA-mRNA  interactions.  Finally,  twelve
lncRNAs related to trans-regulation, miRNA targets, or co-expression with flowering-related genes were verified
by qRT-PCR. These findings deepen our understanding of lncRNAs in SA-induced flowering in duckweed and
provide valuable resources for in-depth functional analysis in the future.

On the rise: Development of a multi-tiered, indoor duckweed cultivation 
system
Coughlan, NE; Maguire, D; Oommen, AA; Redmond, C; O'Mahoney, R; Walsh, E; Kühnhold, H; Byrne, EP; Kavousi, 
F; Morrison, AP; Jansen, MAK. Water Environment Research (2023) 95: e10964.

Duckweed  species  (Lemnaceae)  are  suitable  for  remediation  and  valorization  of  agri-feed  industry
wastewaters and therefore can contribute to a more sustainable, circular economy where waste is a resource.
Industrial  applications  will,  however,  require  space  efficient  cultivation  methods  that  are  not  affected  by
prevailing weather conditions. Here, the development and operation of a multi-tiered duckweed bioreactor is
described. The developed prototype bioreactor depicted in this paper is composed of four cultivation layers (1
m2 each) with integrated LED lighting (generating up to 150 µmol m -2 s-1), a system of pumps and valves to
manage the  recirculatory  flow (2.5  L  min -1)  of  wastewater,  and  an automatic  harvesting system. Using a
nutrient poor medium, good growth of the duckweed species Lemna minor was achieved in the bioreactor, and
this  was matched by  strong nutrient  depletion  from the  medium,  especially  for  phosphorus  (45-mg total
phosphorus [TP] removed per m-2 day-1). A fully automatic harvesting arm reliably captured similar amounts of
duckweed  biomass  across  multiple  harvesting  cycles,  revealing  a  future  scenario  whereby  labour  and
interventions by human operators are minimized. Further developments to advance the system towards fully
automated operation will  include, for example,  the use of specific nutrient sensors to monitor and control
medium composition. It is envisaged that multi-tiered, indoor bioreactors can be employed in the agri-feed
industry  where  wastewaters  are,  in  many  cases,  continuously  generated  throughout  the  year  and  need
remediating  immediately  to  avoid  costly  storage.  Given  the  extensive  use  of  automation  technology  in
conventional wastewater treatment plants, multi-tiered duckweed bioreactors can be realistically integrated
within  the  operating  environment  of  such  treatment  plants.  Practitioner  Points  Duckweed  is  suitable  for
remediation and valorisation of agri-feed wastewater. Industrial duckweed applications require space efficient
cultivation  methods.  Development  and  operation  of  a  multi-tiered  duckweed  bioreactor  is  detailed.  Flow
dynamics  and  automatic  harvesting  in  the  bioreactor  are  optimized.  It  is  concluded  that  a  multi-tiered
bioreactor can be used in industry.
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Aquaculture/ Agriculture

Effects of altered gravity on growth and morphology in Wolffia globosa 
implications for bioregenerative life support systems and space-based 
agriculture
Romano, LE; van Loon, JJWA; Izzo, LG; Iovane, M; Aronne, G. Scientific Reports (2024) 14: 410.

Understanding the response of plants to varied gravitational conditions is vital for developing effective food
production in space bioregenerative life support systems. This study examines the impact of altered gravity
conditions on the growth and morphological responses of Wolffia globosa (commonly known as "water lentils"
or "duckweed"), assessing its potential as a space crop. Although an experiment testing the effect of simulated
microgravity on Wolffia globosa has been previously conducted, for the first time, we investigated the effect of
multiple gravity levels on the growth and morphological traits of  W. globosa plants. The plant responses to
simulated microgravity, simulated partial gravity (Moon), and hypergravity environments were evaluated using
random  positioning  machines  and  the  large-diameter  centrifuge.  As  hypothesized,  we  observed  a  slight
reaction to different gravitational  levels in  the growth and morphological  traits of  W. globosa. The relative
growth rates  (RGR)  of  plants  subjected  to  simulated  microgravity  and partial  gravity  were  reduced when
compared to those in other gravity levels. The morphological analysis revealed differences in plant dimensions
and frond length-to-width ratios  under  diverse gravity  conditions.  Our  findings showed that  W.  globosa is
responsive to gravitational changes, with its growth and morphological adaptations being slightly influenced by
varying  gravitational  environments.  As  for  other  crop  species,  growth  was  reduced  by  the  microgravity
conditions;  however,  RGR  remained  substantial  at  0.33  a  day.  In  conclusion,  this  study  underscores  the
potential of W. globosa as a space crop and its adaptability to diverse gravitational conditions, contributing to
the development of sustainable food production and bioregenerative life support systems for future space
exploration missions.

A preliminary study of the impacts of duckweed coverage during rice 
growth on grain yield and quality
Luo, Ji; Hu, S; Li, T; He, F; Tian, C; Han, Y; Mao, Y; Jing, L; Yang, L; Wang, Y. Plants (2023) 13: 
DOI10.3390/plants13010057.

The overuse and misuse of fertilizers have been causing duckweed outbreaks in irrigation ditches and paddy
fields in many rice-growing areas. However, how duckweed coverage in a paddy field affects the rice yield and
grain quality is under debate because duckweed may act as either a weed, competing with rice for mineral
nutrients,  or  a "nutrient  buffer",  providing significant ecological  and economic benefits.  To understand the
effects of duckweed coverage throughout rice growth on the yield and quality of rice grains, an experiment
with three Japonica rice cultivars was conducted with fertile lotus-pond bottom soil as a growth medium to
provide  sufficient  mineral  nutrients  for  both  the  duckweed and rice.  Averaged across  three  rice  cultivars,
duckweed  coverage  decreased  the  panicle  density  but  increased  the  spikelet  density  and  grain  weight,
resulting in no significant change in the rice yield. Duckweed coverage had no impact on the processing and
appearance quality in general, but significant duckweed-by-cultivar interactions were detected in the head rice
percentage  and  grain  chalkiness,  indicating  different  sensitivities  of  different  cultivars  in  response  to  the
duckweed treatment. The decrease in breakdown and increase in setback values in the rapid visco analyzer
(RVA) profile of rice flour suggested that duckweed coverage during rice growth worsened the cooking quality
of the rice. However, no significant change in the palatability of the cooked rice was found. The most profound
change  induced  by  the  duckweed  was  the  nutritional  quality;  duckweed  coverage  increased  the  protein
concentration but decreased the concentrations of Mg, Mn, Cu, and Zn in rice grains. This preliminary study
suggested that duckweed coverage during rice growth has profound effects on the rice nutrient uptake and
grain nutritional quality under the circumstances, and further research on the responses of the rice quality to
the duckweed coverage in paddy fields in multiple locations and years is needed.
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Biochemistry

Valorization of Spirodela polyrrhiza biomass for the production of 
biofuels for distributed energy
Romanowska-Duda, Z; Piotrowski, K; Szufa, S; Sklodowska, M; Naliwajski, M; Emmanouil, C; Kungolos, A; 
Zorpas, AA. Scientific Reports (2023) 13: 16533.

Considering the main objectives of a circular economy, Lemnaceae plants have great potential for different
types of techniques to valorize their biomass for use in biofuel production. For this reason, scientific interest in
this group of plants has increased in recent years. The aim of this study was to evaluate the effects of salt
stress on the growth and development of S. polyrrhiza and the valorization of biomass for biofuel and energy
production in  a  circular  economy.  Plants were grown in  a  variety  of  culture media,  including standard  'Z'
medium, tap water, 1% digestate from a biogas plant in Piaszczyna (54 degrees 01 ' 21 '' N, 17 degrees 10 ' 19 ''
E), Poland and supplemented with different concentrations of NaCl (from 25 to 100 mM). Plants were cultured
under phytotron conditions at 24oC. After 10 days of culture, plant growth, fresh and dry biomass, as well as
physio-chemical parameters such as chlorophyll content index, gas exchange parameters (net photosynthesis,
transpiration,  stomatal  conductance  and  intercellular  CO2 concentration),  chlorophyll  fluorescence
measurements were analyzed. After 10 days of the experiment, the percentage starch content of  Spirodela
shoot  segments  was determined.  S.  polyrrhiza was shown to  have a high  starch storage capacity  under
certain unfavorable growth conditions, such as salt stress and nutrient deficiency. In the W2 (50 mM NaCl)
series, compared to the control (Control2), starch levels were 76% higher in shoots and 30% lower in roots. The
analysis of the individual growth and development parameters of S. polyrrhiza plants in the experiment carried
out indicates new possibilities for the use of this group of plants in biofuel and bioethanol production.

DF comment: The correct spelling is Spirodela polyrhiza

Biotechnology

Effect of calcium carbonate on the performance of poly(butylene 
adipate-co-terephthalate) filled with duckweed biomass
Yoksan, R; Boontanimitr, A. Industrial Crops and Products (2023) 205: 117442.

Blending poly(butylene adipate-co-terephthalate) (PBAT) and thermoplastic starch (TPS)  results  in  a tough
biodegradable plastic. TPS is always produced from edible crop-derived starch. An alternative source of starch
and protein polymers, duckweed biomass has a relatively small impact on the human food chain. The present
work  studies  the  feasibility  of  using  duckweed  biomass  as  a  replacement  for  cassava  starch  for  TPS
production and investigates the effect of calcium carbonate (CaCO3) on the performance of PBAT filled with
duckweed biomass. PBAT/TPS and PBAT/duckweed masterbatch (DM) blends with a constant weight ratio of
PBAT:TPS and PBAT:DM of 60:40 were prepared using a twin-screw extruder and then molded into dumbbell-
shaped specimens using an injection molding machine. PBAT/DM/CaCO3 composites containing CaCO3 in the
range of 10%-30 wt% were also fabricated. Duckweed biomass has the potential to replace cassava starch in
PBAT blends; however, the properties of those blends differ. The PBAT/DM blend exhibited higher density and
melt flow index, but lower elongation at break, shore D hardness, and thermal stability than PBAT/TPS blend. In
addition, DM facilitated the crystallization of PBAT during cooling. Adding CaCO3 could reinforce the PBAT/DM
blend, enhancing its Young's modulus and hardness while reducing tensile strength and elongation at break.
Moreover, added CaCO3 improved the thermal stability but reduced the melt flow index of the PBAT/DM blend.
The resulting PBAT/DM/CaCO3 composites are promising sustainable materials for biodegradable injection
molded products with an acceptable cost.
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Feed & Food
The effect of common duckweed (Lemna minor L.) extract on the shelf-
life of beef burgers stored in modified atmosphere packs: A 
metabolomics approach
Rocchetti, G; Rebecchi, A; Zhang, LL; Dallolio, M; Del Buono, D; Freschi, G; Lucini, L. Food Chemistry X (2023) 20:
101013.
The impact of duckweed extracts (DEs) on the shelf-life of packaged beef burgers was evaluated through
classical  assays  and  untargeted  metabolomics.  Beef  burgers  were  formulated  with  an  antioxidants-free
control (CON), 1 g/ kg sodium ascorbate (ASC), and increasing levels of a DEs, namely 1 (DE1), 5 (DE5), and 10
(DE10) g/kg, packaged under modified atmosphere and stored at 4 degrees C for 19 days. The DEs, abundant
in phytochemicals, determined no issues with the hygienic status of the product. DEs modulated the redox
status,  being  ineffective  in  preserving  linolenic  acid  from  peroxidation.  However,  the  oxidation  marker  2-
nonenoic acid was down-accumulated in the DE10 sample following 19 days of storage, recording a lower
glutathione:glutathione di-sulfide ratio. The accumulation of adipate semialdehyde revealed the inefficiency of
DEs in coping with protein oxidation, while DEs prevented the accumulation of biogenic amines. Therefore, this
work suggests a potential pro-oxidant role of the formulated DEs.

Interaction with other organisms
Cyanobacterial VOCs -ionone and -cyclocitral poisoning β β Lemna 
turionifera by triggering programmed cell death
Pan, N; Xu, HZ; Chen, WB; Liu, ZJ; Liu, YC; Huang, TY; Du, SY; Xu, S; Zheng, TF; Zuo, ZJ. Environmental Pollution 
(2024) 342: 123059.
Beta-Ionone and beta-cyclocitral are two typical components in cyanobacterial volatiles,  which can poison
aquatic plants and even cause death. To reveal the toxic mechanisms of the two compounds on aquatic plants
through  programmed  cell  death  (PCD),  the  photosynthetic  capacities,  caspase-3-like  activity,  DNA
fragmentation and ladders, as well as expression of the genes associated with PCD in Lemna turionifera were
investigated in exposure to beta-ionone (0.2 mM) and beta-cyclocitral (0.4 mM) at lethal concentration. With
prolonging the treatment time,  L.  turionifera fronds gradually died, and photosynthetic capacities gradually
reduced and even disappeared at the 96th h. This demonstrated that the death process might be a PCD rather
than a necrosis, due to the gradual loss of physiological activities. When L. turionifera underwent the death,
caspase-3-like was activated after 3 h, and reached to the strongest activity at the 24 th h. TUNEL-positive nuclei
were  detected  after  12  h,  and  appeared  in  large  numbers  at  the  48 th h.  The  DNA  was  cleaved  by  Ca2+-
dependent endonucleases and showed obviously ladders. In addition, the expression of 5 genes (TSPO, ERN1,
CTSB, CYC, and ATR) positively related with PCD initiation was up-regulated, while the expression of 2 genes
(RRM2 and TUBA) negatively related with PCD initiation was down-regulated. Therefore, beta-ionone and beta-
cyclocitral can poison L. turionifera by adjusting related gene expression to trigger PCD.

Induced responses contribute to rapid adaptation of Spirodela polyrhiza
to herbivory by Lymnaea stagnalis
Malacrino, A; Bottner, L; Nouere, S; Huber, M; Schafer, M; Xu, S. Communications Biology (2024) 7: 81.

Herbivory-induced responses in plants are typical  examples of phenotypic  plasticity,  and their  evolution is
thought to be driven by herbivory. However, direct evidence of the role of induced responses in plant adaptive
evolution to herbivores is scarce. Here, we experimentally evolve populations of an aquatic plant (Spirodela
polyrhiza,  giant  duckweed)  and its  native herbivore (Lymnaea stagnalis,  freshwater  snail),  testing whether
herbivory  drives  rapid  adaptive  evolution  in  plant  populations  using  a  combination  of  bioassays,  pool-
sequencing,  metabolite  analyses,  and amplicon metagenomics.  We show that  snail  herbivory  drove  rapid
phenotypic changes, increased herbivory resistance, and altered genotype frequencies in the plant populations.
Additional  bioassays  suggest  that  evolutionary  changes  of  induced  responses  contributed  to  the  rapid
increase of plant resistance to herbivory. This study provides direct evidence that herbivory-induced responses
in plants can be subjected to selection and have an adaptive role by increasing resistance to herbivores.
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Duckweed-associated bacteria as plant growth-promotor to enhance 
growth of Spirodela polyrhiza in wastewater effluent from a poultry farm
Boonmak, C; Kettongruang, S; Buranathong, B; Morikawa, M; Duangmal, K. Archives of Microbiology (2024) 
206: 43.

Duckweed has been highlighted as an invaluable resource because of its abilities to remove nitrogen and
phosphorus from wastewater coupling with the production of high starch/protein-containing plant biomass.
Duckweed recruits microbes and particularly forms a stable "core" bacterial microbiota, which greatly reduces
the colonization efficiency of plant growth-promoting bacteria (PGPB). In this study, natural duckweeds were
enriched in a sterilized-partially treated wastewater effluent from a poultry farm. After 24 days of cultivation,
the duckweed-associated bacteria (DAB) were isolated and evaluated for their plant growth-promoting (PGP)
potentials by co-cultivation with axenic Spirodela polyrhiza. Ten species were found in more than one location
and could be considered candidates for the stable "core" DAB. Among them, all isolates of Acinetobacter soli,
Acidovorax kalamii, Brevundimonas vesicularis, Pseudomonas toyotomiensis, and Shinella curvata increased
duckweed growth in Hoagland medium. The highest PGP ability was observed in Sh. curvata W12-8 (with EPG
value of 208.72%), followed by Paracoccus marcusii W7-16 (171.31%),  Novosphingobium subterraneum W5-
13 (156.96%), and  Ac. kalamii W7-18 (156.96%). However, the highest growth promotion in the wastewater
was observed when co-cultured with W7-16, which was able to increase biomass dry weight and root length of
duckweed by 3.17 and 2.26 folds, respectively.

Characterization of the IAA-producing and -degrading Pseudomonas 
strains regulating growth of the common duckweed (Lemna minor L.)
Poprzen, T; Nikolic, I; Krstic-Milosevic, D; Uzelac, B; Trifunovic-Momcilov, M; Markovic, M; Radulovic, O. 
International Journal of Molecular Sciences (2023) 24: 17207.

The rhizosphere represents  a  centre of  complex and dynamic interactions between plants  and microbes,
resulting in  various positive  effects  on plant  growth and development.  However,  less  is  known about the
effects of indole-3-acetic acid (IAA) on aquatic plants.  In this study,  we report the characterization of four
Pseudomonas strains  isolated  from  the  rhizosphere  of  the  common duckweed (Lemna  minor)  with  IAA-
degradation and -utilization  ability.  Our  results  confirm previous  reports  on the  negative  effect  of  IAA on
aquatic  plants,  contrary  to  the  effect  on  terrestrial  plants.  P.  putida A3-104/5  demonstrated  particularly
beneficial traits, as it exhibited not only IAA-degrading and -producing activity but also a positive effect on the
doubling time of duckweeds in the presence of IAA, positive chemotaxis in the presence of IAA, increased
tolerance to oxidative stress in the presence of IAA and increased biofilm formation related to IAA. Similarly, P.
gessardii C31-106/3 significantly shortened the doubling time of duckweeds in the presence of IAA,  while
having a neutral  effect  in  the absence of  IAA.  These traits  are important in  the context  of  plant-bacteria
interactions and highlight the role of IAA as a common metabolite in these interactions, especially in aquatic
environments  where  plants  are  facing  unique  challenges  compared  to  their  terrestrial  counterparts.  We
conclude that IAA-degrading and -producing strains presented in this study might regulate IAA effects on
aquatic plants and confer evolutionary benefits under adverse conditions (e.g., under oxidative stress, excess
of IAA or nutrient scarcity).

DF Comment: Authors used HPLC and absorption at UV wavelength to detect and quantify presumed IAA.
Would need to show with standard compounds for other indole containing compounds to validate assignment
of chemical structure.

First report on adverse effects of cyanobacterial anabaenopeptins, 
aeruginosins, microginin and their mixtures with microcystin and 
cylindrospermopsin on aquatic plant physiology: An experimental 
approach
Pawlik-Skowronska, B; Bownik, A; Pogorzelec, M; Kulczycka, J; Suminska, A. Toxicon (2023) 236: 107333.

Cyanobacteria produce a variety of oligopeptides beyond microcystins and other metabolites. Their biological
activities are not fully recognized especially to aquatic plants. Acute toxicity tests on Spirodela polyrhiza and
Lemna minor exposed to a range of concentrations of cyanobacterial metabolites: anabaenopeptins (ANA-A, 
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ANA-B),  aeruginosins  98  (Aer-A,  Aer-B),  microginin-FR1  (MG-FR1),  microcystin-LR  (MC-LR)  and
cylindrospermopsin (Cyl)  were carried out  to compare their  influence on plant  physiology.  Effects of  their
binary  mixtures  were  determined by  isobole  approach and calculation  of  the  combination index  (CI)  that
indicates  a  type  of  metabolites'  interaction.  Cyclic  oligopeptides  microcystin-LR  and  anabaenopeptin-A
revealed the strongest inhibition of  S. polyrhiza growth while other metabolites appeared less toxic. Oxygen
evolution was inhibited by Cyl, MC-LR, ANA-A, ANA-B, while both variants of aeruginosins and MG-FR1 did not
affect this process. Photosynthetic pigments' contents decreased in  S. polyrhiza exposed to ANA-A and Cyl,
while MC-LR and Aer-A caused their slight increase. 96 h-EC50 values showed that the growth of L. minor was
more sensitive to MC-LR, ANA-A, MG-FR1 and Cyl than the growth of  S. polyrhiza. In  S. polyrhiza synergistic
effects  of  all  the  binary  mixtures  of  peptides  with  MC-LR  on  oxygen  evolution  were  observed,  while
antagonistic one on the growth of  S. polyrhiza exposed to the mixtures with aeruginosins and ANA-A. The
mixtures  of  MC-LR  and  MG-FR1  with  cylindrospermopsin  revealed  synergistic  effects  on  the  growth  but
antagonistic  one to the O2 evolution.  Quadruple mixtures (ANA-A+MC-LR+MG-FR1+Cyl)  did  not reveal  any
inhibitive  effect  on  the  plant  growth  and  very  slight  on  the  oxygen  evolution,  irrespectively  of  their  total
concentrations. Various effects caused by ANA-A and ANA-B suggest the importance of molecule structures
of metabolites for toxicity. Composition of the mixtures of cyanobacterial metabolites was essential for the
observed  effects.  Duckweed  species  (Lemnaceae)  are  suitable  for  remediation  and  valorization  of
wastewaters.  However,  industrial  duckweed applications require  space efficient  cultivation methods.  Here,
development and operation of an indoor, multi-tiered duckweed bioreactor is described. It is envisaged that
multi-tiered bioreactors can be integrated in wastewater treatment systems of agri-feed industries.image.

Effects of nitrogen and population density on the competition between 
Spirodela polyrhiza and Microcystis sp. under laboratory conditions
Li, Y; Zhang, H; Huang, ZY; Zhao, JY; Zhang, F; Li, SW; Du, DL. Water Air and Soil Pollution (2023) 234: 661.

Microcystis is commonly found in duckweed-based treatment systems, which greatly affects the duckweed
growth  and  performance of  the  system.  In  this  study,  the  effects  of  nitrogen  and  population  density  on
duckweed and microalgae  competition  were  investigated  in  terms of  their  growth sensitivity  response to
mutual  competition  under  laboratory  conditions.  A  comparatively  strong  mutual  competition  between  S.
polyrhiza and Microcystis sp. was observed at nitrogen concentrations of 5 and 10 mg N/L. At high nitrogen
concentrations (40 mg N/L), the growth of  Microcystis sp. was remarkably inhibited, which facilitated the  S.
polyrhiza growth. The magnitude of competitive activity between S. polyrhiza and Microcystis sp. displayed a
density-dependent trend. Under 100% duckweed coverage, the intraspecific competition was stronger than the
interspecific competition. This study will greatly facilitate the biocontrol of Microcystis sp. development in the
duckweed-based water treatment system and improve the system's efficiency.

Molecular Biology and Genomics
Unusual predominance of maintenance DNA methylation in Spirodela 
polyrhiza
Harkess, A; Bewick, AJ; Lu, Z; Fourounjian, P; Michael, TP; Schmitz, RJ; Meyers, BC. G3 (2024) 
DOI10.1093/g3journal/jkae004

Duckweeds are among the fastest reproducing plants, able to clonally divide at exponential rates. However, the
genetic and epigenetic impact of clonality on plant genomes is poorly understood. 5-methylcytosine (5mC) is a
modified base often described as necessary for the proper regulation of certain genes and transposons and
for the maintenance of genome integrity in plants. However, the extent of this dogma is limited by the current
phylogenetic sampling of land plant species diversity. Here we analyzed DNA methylomes, small RNAs, mRNA-
seq, and H3K9me2 histone modification for Spirodela polyrhiza. S. polyrhiza has lost highly conserved genes
involved  in  de  novo  methylation of  DNA at  sites  often associated  with  repetitive  DNA,  and within  genes,
however  symmetrical  DNA  methylation  and  heterochromatin  is  maintained  during  cell  division  at  certain
transposons and repeats. Consequently, small RNAs that normally guide methylation to silence repetitive DNA
like retrotransposons are diminished. Despite the loss of a highly conserved methylation pathway, and the
reduction of small RNAs that normally target repetitive DNA, transposons have not proliferated in the genome,
perhaps due in part to the rapid, clonal growth lifestyle of duckweeds.
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Physiology & Stress

Physiological adaptation to irradiance in duckweeds is species and 
accession specific and depends on light habitat niche.
Smith, KE; Cowan, L; Taylor, B; McAusland, L; Heatley, M; Yant, L; Murchie, EH. Journal of Experimental Botany 
(2024) DOI10.1093/jxb/erad499.

Duckweeds span 36 species of free-floating aquatic organisms with body sizes ranging from 2 mm to 10 mm,
where each plant body plan is reduced to a largely leaf-like structure. As an emerging crop, their fast growth
rates offer potential for cultivation in closed systems. We describe a novel UK collection derived from low light
(dLL) or high light (dHL) habitats, profiled for growth, photosynthesis, and photoprotection (non-photochemical
quenching, NPQ) responses. Twenty-three accessions of three  Lemna species and one  Spirodela polyrhiza
were grown under relatively low light (LL: 100 µmol m -2 s-1) and high light (HL: 350 µmol m -2 s-1) intensities. We
observed broad within- and between-species level variation in photosynthesis acclimation. Duckweeds grown
under HL exhibited a lower growth rate,  biomass, chlorophyll,  and quantum yield of photosynthesis.  In HL
compared with LL, carotenoid de-epoxidation state and NPQ were higher, whilst PSII efficiency (phiPSII) and
Chl a:b ratios were unchanged. The dLL plants showed relatively stronger acclimation to HL compared with
dHL plants, especially Lemna japonica accessions. These achieved faster growth in HL with concurrent higher
carotenoid levels and NPQ, and less degradation of chlorophyll. We conclude that these data support local
adaptation to the light environment in duckweed affecting acclimation in controlled conditions.

Shining a light on duckweed: exploring the effects of artificial light at 
night (ALAN) on growth and pigmentation
Nakagawa-Lagisz, T; Lagisz, M. PEERJ (2023) 11: e16371.

Artificial light at night (ALAN) is a novel environmental stressor of global concern. Various sources of artificial
light are now common in urbanized areas and have diverse negative effects on many species of animals and
plants. However, ALAN has also been shown to have no effect or a positive effect on some organisms. This
study investigates the impact of ALAN on the growth and leaf pigmentation of a common floating freshwater
plant species. We exposed wild-derived dotted duckweed (Landoltia punctata) to either darkness during the
night (Control group) or to artificial light at night (ALAN group) for 49 days. We set up two large boxes of eighty
samples each with 2-3 leaves of duckweed in each sample at the start of the experiment. The ALAN box had
an opaque lid with a small lamp that was turned on at night. The Control box was also covered at night with an
opaque lid but without a lamp. During the day, plants in both boxes were exposed to natural light. We counted
the number of leaves in each sample weekly. We took photos of the samples on day 28 to measure the total
leaf surface area per sample. On day 49, we took photos of the underside of the leaves for analyses of the
relative levels of dark pigmentation across all samples. We found that ALAN-exposed plant samples had, on
average, more leaves than control plants after a few weeks of exposure. They also had a more variable number
of leaves per sample. The total leaf area per sample on day 28 was larger in the ALAN samples. The underside
of the leaves on day 49 was, on average, darker in the ALAN plants than in the control plants. There is a
significant growth-enhancing effect from exposure to artificial light at night on Landoltia punctata. However,
higher variability induced by ALAN exposure indicates that ALAN is also a stressful condition for these plants.
This is in line with our finding of the presence of larger amounts of dark pigments in the leaves of ALAN-
exposed plants. Dark pigmentation in duckweed species could be a defence mechanism protecting tissues
from stress-induced oxidative damage. Overall, both positive and negative effects of ALAN can be observed
simultaneously in different traits of the same organism. Increased individual variation can facilitate population
level adaptation to stressful conditions. As such, this work contributes to our knowledge of the effects of light
pollution in urban environments on common plants.
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Phytomedicine

Long-term green-Mediterranean diet may favour fasting morning cortisol
stress hormone; the DIRECT-PLUS clinical trial
Alufer, L; Tsaban, G; Rinott, E; Kaplan, A; Meir, AY; Zelicha, H; Ceglarek, U; Isermann, B; Blueher, M; Stumvoll, M; 
Stampfer, MJ; Shai, I. Frontiers in Endocrinology (2023) 1243910.

Fasting morning cortisol (FMC) stress hormone levels, are suggested to reflect increased cardiometabolic risk.
Acute response to weight loss diet could elevate FMC. Richer Polyphenols and lower carbohydrates diets could
favour FMC levels. We aimed to explore the effect of long-term high polyphenol Mediterranean diet (green-
MED) on FMC and its relation to metabolic health. We randomized 294 participants into one of three dietary
interventions for 18-months: healthy dietary guidelines (HDG), Mediterranean (MED) diet, and Green-MED diet.
Both MED diets were similarly hypocaloric and lower in carbohydrates and included walnuts (28 g/day). The
high-polyphenols/low-meat Green-MED group further included green tea (3-4 cups/day) and a Wolffia-globosa
Mankai plant 1-cup green shakeFMC was obtained between 07:00 - 07:30AM at baseline, six, and eighteen-
months. Participants (age=51.1years, 88% men) had a mean BMI of 31.3kg/m(2), FMC=304.07 nmol\L, and
glycated-hemoglobin-A1c (HbA1c)=5.5%; 11% had type 2 diabetes and 38% were prediabetes. Baseline FMC
was higher among men (308.6 ± 90.05 nmol\L) than women (269.6 ± 83.9nmol\L; p=0.02). Higher baseline
FMC was directly associated with age, dysglycemia, MRI-assessed visceral adiposity, fasting plasma glucose
(FPG), high-sensitivity C-reactive-protein (hsCRP), testosterone, progesterone and TSH levels (p ≤ 0.05 for all).
The  18-month  retention  was  89%.  After  6  months,  there  were  no significant  changes  in  FMC among all
intervention groups. However, after 18-months, both MED groups significantly reduced FMC (MED=-1.6% [-
21.45 nmol/L]; Green-MED=-1.8% [-26.67 nmol/L]; p<0.05 vs. baseline), as opposed to HDG dieters (+4% [-12
nmol/L], p=0.28 vs. baseline), whereas Green-MED diet FMC change was significant as compared to HDG diet
group  (p=0.048  multivariable  models).  Overall,  18-month  decrease  in  FMC  levels  was  associated  with
favourable changes in FPG, HbA1c, hsCRP, TSH, testosterone and MRI-assessed hepatosteatosis, and with
unfavourable  changes  of  HDLc  (p<0.05  for  all,  weight  loss  adjusted,  multivariable  models).  Long-term
adherence to MED diets, and mainly green-MED/high polyphenols diet, may lower FMC, stress hormone, level.
Lifestyle-induced FMC decrease may have potential benefits related to cardiometabolic health, irrespective of
weight loss.

Extraction, enzymatic modification, and anti-cancer potential of an 
alternative plant-based protein from Wolffia globosa
Siriwat, W; Ungwiwatkul, S; Unban, K; Laokuldilok, T; Klunklin, W; Tangjaidee, P; Potikanond, S; Kaur, L; 
Phongthai, S. Foods (2023) 12: 3815.

The global plant-based protein demand is rapidly expanding in line with the increase in the world's population.
In this study, ultrasonic-assisted extraction (UAE) was applied to extract protein from  Wolffia globosa as an
alternative source. Enzymatic hydrolysis was used to modify the protein properties for extended use as a
functional ingredient. The successful optimal conditions for protein extraction included a liquid to solid ratio of
30 mL/g, 25 min of extraction time, and a 78% sonication amplitude, providing a higher protein extraction yield
than alkaline extraction by about 2.17-fold. The derived protein was rich in essential amino acids, including
leucine,  valine,  and phenylalanine.  Protamex and Alcalase were used to  prepare protein  hydrolysates with
different degrees of hydrolysis, producing protein fragments with molecular weights ranging between <10 and
61.5 kDa. Enzymatic hydrolysis caused the secondary structural transformations of proteins from beta-sheets
and  random  coils  to  alpha-helix  and  beta-turn  structures.  Moreover,  it  influenced  the  protein  functional
properties,  particularly  enhancing  the  protein  solubility  and  emulsifying  activity.  Partial  hydrolysis  (DH3%)
improved the foaming properties of proteins; meanwhile, an excess hydrolysis degree reduced the emulsifying
stability and oil-binding capacity. The produced protein hydrolysates showed potential as anti-cancer peptides
on human ovarian cancer cell lines.
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The effect of polyphenols on DNA methylation-assessed biological age 
attenuation: the DIRECT PLUS randomized controlled trial
Meir, AY; Keller, M; Hoffmann, A; Rinott, E…Shai, I. BMC Medicine 21: 364.

Epigenetic age is an estimator of biological age based on DNA methylation; its discrepancy from chronologic
age warrants further investigation. We recently reported that greater polyphenol intake benefitted ectopic fats,
brain  function,  and  gut  microbiota  profile,  corresponding  with  elevated  urine  polyphenols.  The  effect  of
polyphenol-rich  dietary  interventions  on  biological  aging  is  yet  to  be  determined.  We  calculated  different
biological aging epigenetic clocks of different generations (Horvath2013, Hannum2013, Li2018, Horvath skin
and blood2018, PhenoAge2018, PCGrimAge2022), their corresponding age and intrinsic age accelerations, and
DunedinPACE, all based on DNA methylation (Illumina EPIC array; pre-specified secondary outcome) for 256
participants with abdominal obesity or dyslipidemia, before and after the 18-month DIRECT PLUS randomized
controlled trial. Three interventions were assigned: healthy dietary guidelines, a Mediterranean (MED) diet, and
a polyphenol-rich, low-red/processed meat Green-MED diet. Both MED groups consumed 28 g walnuts/day (+
440 mg/day polyphenols). The Green-MED group consumed green tea (3-4 cups/day) and Mankai (Wolffia
globosa strain)  500-ml  green shake  (+  800 mg/day  polyphenols).  Adherence to  the  Green-MED diet  was
assessed by questionnaire  and urine polyphenols metabolomics (high-performance liquid chromatography
quadrupole time of flight). Baseline chronological age (51.3 ± 10.6 years) was significantly correlated with all
methylation age  (mAge)  clocks with  correlations ranging from 0.83 to  0.95;  p  < 2.2e  -  16 for  all.  While  all
interventions did not differ in terms of changes between mAge clocks, greater Green-Med diet adherence was
associated with a lower 18-month relative change (i.e., greater mAge attenuation) in Li and Hannum mAge
(beta = -  0.41,  p = 0.004 and beta = -  0.38,  p = 0.03,  respectively;  multivariate models).  Greater  Li  mAge
attenuation (multivariate models adjusted for age, sex, baseline mAge, and weight loss) was mostly affected
by higher intake of Mankai (beta = - 1.8; p = 0.061) and green tea (beta = - 1.57; p = 0.0016) and corresponded
with elevated urine polyphenols: hydroxytyrosol, tyrosol, and urolithin C (p < 0.05 for all) and urolithin A (p =
0.08), highly common in green plants. Overall, participants undergoing either MED-style diet had similar to 8.9
months favorable difference between the observed and expected Li mAge at the end of the intervention (p =
0.02). This study showed that MED and green-MED diets with increased polyphenols intake, such as green tea
and Mankai, are inversely associated with biological aging. To the best of our knowledge, this is the first clinical
trial to indicate a potential link between polyphenol intake, urine polyphenols, and biological aging.

Phytoremediation

Fundamentals and application in phytoremediation of an efficient 
arsenate reducing bacterium Pseudomonas putida ARS1
Wang, Z-W; Yang, G; Chen, J; Zhou, Y; Nunez Delgado, A; Cui, H-L; Duan, G-L; Rosen, BP; Zhu, Y-G. Journal of 
Enviromenal Sciences (2024) 137: 237-244.

Arsenic is a ubiquitous environmental pollutant. Microbe-mediated arsenic bio-transformations significantly
influence arsenic mobility and toxicity. Arsenic transformations by soil and aquatic organisms have been well
documented, while little is known regarding effects due to endophytic bacteria. An endophyte Pseudomonas
putida ARS1 was isolated from rice grown in arsenic contaminated soil. P. putida ARS1 shows high tolerance
to arsenite  (As(III))  and arsenate (As(V)),  and exhibits  efficient  As(V)  reduction and As(III)  efflux activities.
When exposed to 0.6 mg/L As(V), As(V) in the medium was completely converted to As(III) by P. putida ARS1
within 4 h. Genome sequencing showed that  P. putida ARS1 has two chromosomal arsenic resistance gene
clusters (arsRCBH) that contribute to efficient As(V) reduction and As(III) efflux, and result in high resistance to
arsenicals.  Wolffia globosa is a strong arsenic accumulator with high potential for arsenic phytoremediation,
which takes up As(III)  more efficiently than As(V).  Co-culture of  P.  putida ARS1 and  W. globosa enhanced
arsenic accumulation in W. globosa by 69%, and resulted in 91% removal of arsenic (at initial concentration of
0.6  mg/L  As(V))  from  water  within  3  days.  This  study  provides  a  promising  strategy  for  in  situ  arsenic
phytoremediation through the cooperation of plant and endophytic bacterium.
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Biomonitoring of heavy metals and their phytoremediation by 
duckweeds: Advances and prospects
Yang, J; Zhao, X; Wang, X; Xia, M; Ba, S; Lim, BL; Hou, H. Environmental Research (2023) 245: 118015.

Heavy metals (HMs) contamination of water bodies severely threatens human and ecosystem health. There is
growing interest  in  the  use  of  duckweeds for  HMs biomonitoring and phytoremediation  due to  their  fast
growth, low cultivation costs, and excellent HM uptake efficiency. In this review, we summarize the current
state  of  knowledge  on  duckweeds  and  their  suitability  for  HM  biomonitoring  and  phytoremediation.
Duckweeds have been used for phytotoxicity assays since the 1930s. Some toxicity tests based on duckweeds
have been listed in international guidelines. Duckweeds have also been recognized for their ability to facilitate
HM phytoremediation in aquatic environments. Large-scale screening of duckweed germplasm optimized for
HM biomonitoring and phytoremediation is still essential. We further discuss the morphological, physiological,
and molecular effects of HMs on duckweeds. However, the existing data are clearly insufficient, especially in
regard to dissection of the transcriptome, metabolome, proteome responses and molecular mechanisms of
duckweeds  under  HM  stresses.  We  also  evaluate  the  influence  of  environmental  factors,  exogenous
substances,  duckweed  community  composition,  and  HM  interactions  on  their  HM  sensitivity  and  HM
accumulation, which need to be considered in practical application scenarios. Finally, we identify challenges
and propose approaches for improving the effectiveness of duckweeds for bioremediation from the aspects of
selection of duckweed strain, cultivation optimization, engineered duckweeds. We foresee great promise for
duckweeds as phytoremediation agents, providing environmentally safe and economically efficient means for
HM removal. However, the primary limiting issue is that so few researchers have recognized the outstanding
advantages of duckweeds. We hope that this review can pique the interest and attention of more researchers.

Sorption of cadmium, chromium, lead, and vanadium from artificial 
wetlands using Lemna aequinoctialis
Ekperusi, AO; Sikoki, FD; Nwachukwu, EO. International Journal of Phytoremediation (2023) 
DOI10.1080/15226514.2023.2272766

The efficacy of the lesser duckweed,  Lemna aequinoctialis (Welw.), to remediate varying concentrations of
cadmium, chromium, lead, and vanadium from an organo-metallic contaminated media was tested in artificial
surface wetland mesocosm experiment. A 100 g of fresh-weight duckweed was introduced into each of the
mesocosm,  except  for  the  control  setup and monitored  for  120 days while  the  metals  removal  rate was
quantified using an atomic absorption spectrometer.  A time-dependent and partial  sorption of metals was
observed with the highest removal rate recorded for cadmium (71.96%), followed by lead (69.23%), vanadium
(55.22%), and chromium (41.64%). The uptake and bioaccumulation of metals were reflected in the increased
plant biomass (p < 0.05, F = 97.12) and relative growth rate (p < 0.05, F = 1214.35) in duckweed. A coefficient
(r2) of 0.951, 0.919, 0.970, and 0.967 was recorded for cadmium, chromium, lead, and vanadium respectively,
indicating that the remediation of metals followed the first-order kinetic rate model. This study highlights the
efficacy of the lesser duckweed to preferentially remediate metals in an organo-metallic complex medium for
potential wastewater treatment in the petrochemical industry.

Phytoremediation: A promising approach to remove microplastics from 
the aquatic environment
Rozman, U; Blazic, A; Kalcíková, G. Environmental Pollution (2023) 338: 122690.

Due  to  the  increasing  amount  of  microplastics  (MPs)  in  the  environment,  various  technologies  for  their
removal  have  been  investigated.  One  of  the  possible  technologies  are  phytoremediation  methods,  but
insufficient  understanding  of  the  interactions  between  MPs  and  aquatic  macrophytes  limits  their  further
development. In this context, the aim of this study was to investigate the interactions between polyethylene
MPs and the floating aquatic macrophyte Lemna minor in terms of the extent and time frame of MPs adhesion
to the plant biomass, the stability of the interactions under water movement and understanding the nature of
the  adsorption  process  through the  adsorption isotherm models.  The  results  showed that  the  maximum
number of adhered MPs was reached after 24 h. With increased amount of plant biomass, the number of
adhered MPs increased as well. Slow movement of water had no statistically significant effect on the adhesion
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of MPs. Among several adsorption models, the Freundlich adsorption isotherm model was the best fit to the
experimental data, which assumes weak binding of MPs to plant biomass. Finally, 79% of MPs was removed
during 15 cycles of  phytoremediation (i.e.,  the biomass was removed and replaced with new biomass 15
times) and it was calculated that 53 cycles would be needed to remove all MPs from the water phase under
test conditions.

Phytotoxicity

Selenite (IV) and selenate (VI) uptake and accumulation capacity of 
Lemna minor L. from an aquatic medium
Murillo, AM; Kotamraju, A; Mulkeen, CJ; Healy, MG; Sulpice, R; Lens, PNL. Environmental Technology (2024) 
DOI10.1080/09593330.2023.2298670.

The uptake of sodium selenite (Se(IV)) and sodium selenate (Se(VI)) from aqueous medium by Lemna minor L.
and  the  influence  of  different  Se  concentrations  on  its  growth,  morphological  and  ultrastructural
characteristics were studied. L. minor was grown at different concentrations (1, 3, 5 and 10 mg L -1) of Se(IV)
and Se(IV). The Se(IV) concentration in the plant tissue ranged between 77.7 ± 4.3 to 453 ± 0 mg kg -1 DW. The
Se(VI)  concentration  in  plant  tissues  ranged  between  117  ±  11  to  417  ±  2  mg  kg -1 DW.  The  highest
bioconcentration factor for Se(VI) was 127 ± 7 at 3 mg/L, with a Se removal efficiency of 44%. For Se(IV), the
highest bioconcentration factor was 77.7 ± 4.3 at 1 mg L -1, which had a Se removal efficiency of 23%. Growth
of L. minor was suppressed at 10 mg L-1 Se in both forms. The addition of Se promoted the formation of starch
granules in  L. minor which occupied a chloroplast area of 74% for Se(IV) and 77% for Se(VI). The efficient
uptake of both Se forms by L. minor indicates the potential application of this species for phytoremediation of
Se laden wastewaters and its use as an alternative feedstock in biofuel production.

Two duckweed species exhibit variable tolerance to microcystin-LR 
exposure across genotypic lineages
Rzodkiewicz, LD; Turcotte, MM. Harmful Algae (2024) 131: 102548.

Cyanotoxins produced by harmful cyanobacteria blooms can damage freshwater ecosystems and threaten
human health. Floating macrophytes may be used as a means of biocontrol by limiting light and resources
available to cyanobacteria. However, genetic variation in macrophyte sensitivity to cyanotoxins could influence
their  suitability  as  biocontrol  agents.  We  investigated  the  influence  of  such  intraspecific  variation  on  the
response of  two  rapidly  growing  duckweed species,  Lemna minor and  Spirodela  polyrhiza,  often used in
nutrient  and  metal  bioremediation.  We  assessed  two  biomarkers  related  to  productivity  (biomass  and
chlorophyll  A  production)  and two related  to  fitness  measures  (population  size  and  growth  rate).  Fifteen
genetic  lineages of  each species were grown in  media  containing common cyanotoxin  microcystin-LR at
ecologically relevant concentrations or control media for a period of twelve days. Genotype identity had a
strong impact on all biomarker responses. Microcystin concentration slightly increased the final population
sizes of both macrophyte species with a marginal effect on growth rate of  L. minor and the chlorophyll  A
production of S. polyrhiza, but overall these species were very tolerant of microcystin. The strong tolerance
supports the potential use of these plants as bioremediators of cyanobacterial blooms. However, differential
impact of microcystin exposure discovered in single lineage models among genotypes indicates a potential for
cyanotoxins to act as selective forces, necessitating attention to genotype selection for bioremediation.

Differentiation between chemo- and radiotoxicity of 137Cs and 60Co on 
Lemna minor
Van Dyck, I; Vanhoudt, N; Batlle, JVI; Vargas, CS; Horemans, N; Van Gompel, A; Nauts, R; Wijgaerts, A; Marchal, 
W; Claesen, J; Vangronsveld, J. Journal of Environmental Radioacivity (2023) 272: 107351.

The uptake and effects of stable Cs and Co on L. minor were extensively studied, together with the effects of
gamma radiation using a 137Cs or 60Co source. Innovative is that we combined external irradiation (from 137Cs
or 60Co sources) with the direct uptake of certain amounts of stable Cs or Co to simulate the impact of the 
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same mass of a radioisotope compared with that of the stable element. Such approach allows to differentiate
between chemo-and radiotoxicity of  137Cs or  60Co, permitting to study the  137Cs and  60Co uptake by  L. minor
without using high concentrations of these elements in solution. Our results indicate that radiotoxicity of both
137Cs and  60Co has a greater importance compared to their chemotoxicity. This was also supported by the
independent action and concentration addition concepts. Both concepts resulted in a good prediction of the
dose-response curve of the combination exposure. The maximal removal of 137Cs or 60Co per gram dry matter
of L. minor was lower compared with the removal of the corresponding stable isotope. The toxicity of 60Co was
higher compared to 137Cs based on EC50 values and uptake data. With respect to the effects on photosynthetic
pigments, starch and soluble sugars contents, only starch increased in a concentration-and dose-dependent
manner.

Effects of dissolved organic matter, pH and nutrient on ciprofloxacin 
bioaccumulation and toxicity in duckweed
Shen, MN; Hu, Y; Zhao, K; Qu, Z; Lyu, C; Liu, BS; Li, M; Bu, XD; Li, CY; Zhong, S; Cheng, J. Aquatic Toxicology 
(2024) 266: 106775.

Water pollution induced by antibiotics has garnered considerable concern, necessitating urgent and effective
removal methods. This study focused on exploring ciprofloxacin (CIP) removal by duckweed and assessing
CIP bioaccumulation and toxic effects within duckweed under varying dissolved organic matter categories, pH
levels,  and nutrient  (nitrogen (N) and phosphorus (P))  levels.  The results  revealed the proficient  and rapid
elimination of CIP from water by duckweed, resulting in 86.17 % to 92.82 % removal efficiency at the end of the
7-day experiment.  Across all  exposure groups,  varying degrees of CIP bioaccumulation in  duckweed were
evident, with uptake established as a primary pathway for CIP elimination within this plant. Additionally, five
CIP metabolites were identified in duckweed tissues. Interestingly, the presence of humic acid (HA) and fulvic
acid (FA) reduced CIP absorption by duckweed,  with FA yielding a more pronounced impact.  Optimal CIP
removal was recorded at a pH of 7.5, while duckweed displayed heightened physiological stress induced by
CIP at pH 8.5. Although the influence of N and P concentrations on CIP removal by duckweed was modest,
excessive N and P levels intensified the physiological strain of CIP on duckweed.

Effects of biodegradable P3HB on the specific growth rate, root length 
and chlorophyll content of duckweed, Lemna minor
Procházková, P; Mácová, S; Aydin, S; Gargosová, HZ; Kalcíková, G; Kucerík, J. Hliyon (2023)12: e23128.

The extensive production and use of plastics have led to widespread pollution of the environment. As a result,
biodegradable polymers (BDPs) are receiving a great deal of attention because they are expected to degrade
entirely in the environment. Therefore, in this work, we tested the effect of two fractions (particles <63 µm and
particles from 63 to 125 µm) of biodegradable poly-3hydroxybutyrate (P3HB) at different concentrations on the
specific growth rate, root length, and photosynthetic pigment content of the freshwater plant  Lemna minor.
Microparticles  with  similar  properties  made  of  polyethylene  terephthalate  (PET)  were  also  tested  for
comparison. No adverse effects on the studied parameters were observed for either size fraction; the only
effect was the root elongation with increasing P3HB concentration. PET caused statistically significant root
elongation only in the highest concentration, but the effect was not as extensive as for P3HB. The development
of a biofilm on P3HB particles was observed during the experiment,  and the nutrient sorption experiment
showed that the sorption capacity of P3HB was greater than PET's. Therefore, depleting the nutrients from the
solution could force the plant to increase the root surface area by their elongation. The results suggest that
biodegradable microplastics may cause secondary nutrient problems in the aquatic environment due to their
biodegradability.

Impact of pharmaceutical industry wastewater on stress physiological 
responses of Spirodela polyrhiza (L.) Schleiden
Parveen, K; Kumari, R; Malaviya, P. Environmental Science and Pollution Research (2023) DOI10.1007/s11356-
023-30729-9
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Impact of pharmaceutical wastewater collected from aeration tank on aquatic macrophyte Spirodela polyrhiza
(L.) Schleiden was studied in the present study. Various plant parameters such as chlorophyll,  protein, and
proline  content  of  wastewater-exposed  plants  were  examined  to  determine  the  toxic  impacts  of
pharmaceutical  wastewater.  In  addition  to  these  parameters,  electrolyte  leakage  (EL)  and  catalase  (CAT)
activities in S. polyrhiza were assessed for each day of exposure to the wastewater. S. polyrhiza was exposed
to four different wastewater concentrations (25%, 50%, 75%, and 100%) under laboratory conditions for 7 days.
The plants experienced severe toxicity as revealed by the reduction in photosynthetic pigments, increase in
electrolyte leakage, and enhancement of antioxidant enzyme (CAT) activity in S. polyrhiza with an increase in
concentration and time of exposure to pharmaceutical effluent.

High tolerance to zinc but no evidence for local adaptation in the 
aquatic plant Lemna minor
Vamos, S; Li, C; Moradi, A; van Moorsel, SJ. Nordic Journal of Botany (2023) DOI10.1111/njb.04078

Duckweeds are a widely distributed and economically important aquatic plant family that have high potential
for phytoremediation of polluted water bodies. We collected four ecotypes of the common duckweed Lemna
minor from  the  four  corners  of  Switzerland  and  assessed  how  their  home  versus  away  environments
influenced their growth. Additionally, we investigated their response to a metal pollutant (zinc, Zn) in both their
home and away environments.  Zn is  found in freshwater  systems and can become harmful  to  plants at
elevated concentrations. We hypothesized that growing in their home environment would help the plants buffer
the negative effect of the metal pollutant.  To test this,  we measured  Lemna growth in a common garden
experiment in a glasshouse where the four ecotypes were grown in each of the water environments, as well as
in three different concentrations of Zn. To investigate whether interactions between Lemna and its microbial
community can enhance or reduce tolerance to heavy metal pollution, we sampled chlorophyll-a as a proxy for
algal  biomass.  Finally,  we  measured  total  nitrogen  and  total  organic  carbon  to  describe  the  abiotic
environment in more detail. The four Lemna ecotypes exhibited significantly different growth rates across the
water  treatments.  This  difference  in  fitness  was  matched  with  DNA  sequencing  revealing  genetic
differentiation between the four ecotypes. However, the effect of the water and Zn treatment on Lemna growth
was the same for all ecotypes. We did not find evidence for local adaptation; instead, we observed strong
plastic responses. Lemna growth rates were higher under higher Zn concentrations. This positive effect of Zn
on Lemna growth could be in part due to reduced competition with algae. We conclude that L. minor ecotypes
may exhibit large differences in growth rate, but that the species overall has a high Zn tolerance and strong
plastic adaptive potential in novel environments.

Antibiotics effects on biomass, area coverage and chlorophyll of Lemna 
gibba and Azolla filiculoides
Maldonado, I; Miranda-Mamani, J; Arpasi, YMM. Revista Investigaciones Altoandianas – Journal of High 
Andean Research (2023) 25: 233-240.

The concentrations  of  antibiotic  residues  in  aquatic  ecosystems are  experiencing  a progressive  increase,
which is exerting significant impacts on resident species. The species Lemna gibba and Azolla filiculoides are
widely known in studies of toxicity and phytoremediation. Furthermore, these species have been observed to
exhibit interesting responses to exposure to antibiotic compounds. In this study, the effects of azithromycin,
ciprofloxacin, amoxicillin, cephalexin, ampicillin, and clindamycin (0.00, 2.5, 5, 7.5 mg/L) on biomass, Relative
Growth Rate (RGR), percentage of area, and chlorophyll were evaluated over a period of 7 days. Biomass data
were collected to calculate RGR, and daily images of each experimental unit were captured to estimate the
percentage of area coverage and RGB bands for chlorophyll calculation purposes. The results revealed toxic
effects of the concentrations compared to the control group, with  Azolla showing greater susceptibility than
Lemna. Concerning the percentage of area coverage, the experimental days significantly influenced Azolla (p-
value ≤ 2e-16), while both the antibiotic concentration and the duration of exposure negatively affected Lemna,
with  p-values of  0.00161 and 2.1e-11,  respectively.  As for  chlorophyll  levels,  no significant alterations were
detected in response to the evaluated concentrations. These findings demonstrate that despite the adverse
effects of antibiotics, the investigated species still exhibit survival and antibiotic removal capabilities.
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Instructions to Contributors
for the Duckweed Forum
The Duckweed Forum (DF) is an electronic publication that is dedicated to serve the Duckweed
Research and Applications community by disseminating pertinent information related to community
standards, current and future events, as well as other commentaries that could benefit this field.  As
such, involvement of the community is essential and the DF can provide a convenient platform for
members  in  the  field  to  exchange  ideas  and  observations.  While  we  would  invite  everyone  to
contribute, we do have to establish clear guidelines for interested contributors to follow in order to
standardize  the  workflow for  their  review and publication by the Duckweed Steering Committee
members. 

Contributions to DF must be written in English, although they may be submitted by authors from any
country.  Authors who are not native English speakers may appreciate assistance with grammar,
vocabulary, and style when submitting papers to the DF. 
DF is currently arranged in sections, which may be chosen by a prospective author(s) to contribute
to:  Main  text,  Opinion  paper,  Discussion  corner,  Useful  methods,  Student  experiments,  Student
spotlight, Science meets art, and Cover photo(s).  3,000 words are suggested as the upper limit for
each contribution, but can be extended on request to the Steering Committee if the reason for the
waiver request is warranted.

Presubmissions
In addition to invitees by a Duckweed Steering Committee member, if you are considering submitting
a contribution to DF but are unsure about the fit of your idea, please feel free to contact one of the
members  in  the  Duckweed  Steering  Committee  in  order  to  obtain  feedback  as  to  the
appropriateness of the subject for DF. Please include a few sentences describing the overall topic
that you are interested to present on, and why you think it is of interest to the general duckweed
community. If you have the abstract or draft text prepared, please include it. The Duckweed Steering
Committee  will  discuss  the  material  in  one  of  its  meetings  and  the  decision  to  formally  invite
submission will be given shortly afterwards.

Copyright and co-author consent

All listed authors must concur in the submission and the final version must be seen and approved by
all authors of the contribution. As a public forum, we do not carry out any Copyright application.  If
you need to copyright your material, please do so beforehand.

Formatting requirements:

 A commonly used word processing program, such as Word, is highly recommended.
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 Formatting requirements: 8.5-by-11-inch (or 22 cm-by-28 cm) paper size (standard US letter).

 Single-spaced text throughout.

 One-inch (or 2.5 cm) left and right, as well as top and bottom margins.

 11-point Times New Roman font.

 Number all pages, including those with figures on the bottom and center of each page.

Title:

 Should be intelligible to DF readers who are not specialists in the field and should convey
your essential points clearly.

 Should be short (no more than 150 characters including spaces) and informative.

 Should  avoid  acronyms  or  abbreviations  aside  from  the  most  common  biochemical
abbreviations (e.g., ATP). Other acronyms or abbreviations should either: 

o be introduced in  their  full  form (e.g.,  Visualization of Polarized Membrane Type 1
Matrix  Metalloproteinase  (MT1-MMP)  Activity  in  Live  Cells  by  Fluorescence
Resonance Energy Transfer (FRET) Imaging); or 

o be clarified by use as a modifier of the appropriate noun (e.g.,  FOX1 transcription
factor, ACC dopamine receptor). 

Authors:

 All authors are responsible for the content of the manuscript.

 Provide the complete names of all authors.

 Identify which author will receive correspondence regarding the contribution.

 Provide the corresponding author’s name, telephone number, and current e-mail address.

Image resolution and submission:
It is extremely important that figures be prepared with the proper resolution for publication in order
to avoid inaccurate presentation of the data. The minimum acceptable resolution for all figures is
300 dpi. Excessive file compression can distort images, so files should be carefully checked after
compression. Note that figures that contain both line art (such as graphs) and RGB/grayscale areas
(such as photographs) are best prepared as EPS (vector) files with embedded TIFF images for the
RGB/grayscale portions. The resolution of those embedded TIFF images should be at least 300 dpi.
Original images should be submitted as a separate file to the text file.  It would be helpful to insert
the intended into the Word file as well, if desired, to indicate the location for it.  The legend to the
image/figure should be added at the end of the text file and labeled as "Legend to Figures".
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Links for Further Reading 
http://www.ruduckweed.org/ Rutgers Duckweed Stock Cooperative, New Brunswick, New Jersey 
State University. Prof. Dr. Eric Lam

http://www.InternationalLemnaAssociation.org/ Working to develop commercial applications for 
duckweed globally, Exec. Director, Tamra Fakhoorian

http://thecharmsofduckweed.org Comprehensive site on all things duckweed-related, By Dr. John 
Cross, maintained by Paul Fourounjian.

http://plants.ifas.ufl.edu/ University of Florida’s Center for Aquatic & Invasive Plants.

Community Resources - Updated Table for 
Duckweed Collections in the Community
For information related to the location, collection size and contact email for duckweed collections in
our community,  please access the website of  the  RDSC (Rutgers Duckweed Stock Cooperative)
under the heading "List  of Worldwide Duckweed Collections".  This Table will  be updated as new
entries  for  duckweed  collections  are  being  supplied  to  members  of  the  International  Steering
Committee for Duckweed Research and Applications (ISCDRA). We also plan to publish the updated
table in the first issue of each Duckweed Forum newsletter volume starting in 2021.

Note to the Reader 
Know of someone who would like to receive their own copy of this newsletter? Would you like to
offer  ideas  for  future  articles  or  have  comments  about  this  newsletter?  Need  to  be  added  or
removed from our contact list? 

Please let us know via email to the Chair of ISCDRA, Prof. Eric Lam: ericL89@hotmail.com
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http://plants.ifas.ufl.edu/
http://www.google.com/url?q=http%3A%2F%2Fthecharmsofduckweed.org&sa=D&sntz=1&usg=AFQjCNHctbEV8juYZWkLbcGHBTUf4vOBJg
http://www.InternationalLemnaAssociation.org/
http://www.ruduckweed.org/

