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The  5th International  Conference  on  Duckweed  Research  and  Applications  was  held  at  Weizmann  Institute  of
Science, Rehovot, Israel from September 9-12, 2019 with active participation of researchers and entrepreneurs (as
shown in the cover photo) from different arenas of duckweed research and applications.
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Science meets art: Wolffia australiana (Benth.) 
Hartog & Plas

Wolffia australiana belongs to the largest species of  the
genus Wolffia in its size and impresses especially by its
larger vertical dimension compared to the floating surface.
Nevertheless, it has the smallest genome size within the
genus.  The  whole  genome  sequencing  of  this  species
(clones  7733  and  8730)  has  been  reported  recently  by
Todd  P.  Michael,  J.  Craig  Venter  Institute,  USA  and  by
Robert A. Martienssen,  Cold Spring Harbor Laboratories,
USA during the 4th and the 5th International Conference on
Duckweed Research and Applications.  Drawing by Dr.  K.
Sowjanya Sree, Central University of Kerala, India.
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Letter from the Editor
Reflections on the past decade of duckweed 
research and application development and the state 
of its renaissance

Dear Readers,

Autumn is  in full  swing here in the  Northeast  of  the  American continent  and I  have the
pleasure of bringing you the last installment of this year's Duckweed Forum (DF).  It is an appropriate
time to  take  stock of the  past  decade of effort  to  develop the  field of duckweed research and
applications  to  its  full  potential  as  a  valuable  plant  model.  A  bit  over  a  month  ago,  the  5 th

International Conference on Duckweed Research and Applications (ICDRA) successfully closed after
4 days  of  scientific information exchange and networking among almost  100 participants  from
countries all over the world. As the Cover Photo for this issue of the DF may suggest, we are putting
the spotlight on this recent ICDRA to celebrate progress in our community.  

It  was ten years ago that the convening of an Aquatic Biology Workshop at the Banbury
Center of Cold Spring Harbor Laboratory (CSHL, New York, USA), organized by Rob Martienssen and
his  colleagues,  took  place.  That  meeting,  which  showcased  mostly  duckweed  research,  was
convened with about 20 invited participants from several countries who are working on duckweed
and a few other aquatic plant systems. During that meeting, the news that the genome sequence of
Spirodela polyrhiza has been selected for draft sequencing by the Joint Genome Institute (JGI), with
Todd Michael  as the PI,  was welcomed as a key step toward re-establishing duckweed to be a
powerful plant model. In 2011, the first ICDRA that focused exclusively on duckweed research was
organized by Hai Zhao and myself in Chengdu, China. While this meeting was composed mainly of
invited researchers and host participants, it brought together both basic and applied researchers
focused on duckweed studies and applications. The event was summarized and published in the
international journal Plant Molecular Biology (Zhao et al., 2012, vol. 78, 627-32) to help publicize the
rise of interest in duckweed for Plant Biology. Since then, the ICDRA has been successfully organized
every two years at the USA (2013, New Brunswick, NJ), Japan (2015, Kyoto), India (2017, Kerala) and
Israel  (2019,  Rehovot).  Thus,  this  conference and  the  duckweed research  field-at-large  are  truly
international  and  the  effort  to  sustain  community  building  has  been shared by  global  partners.
Starting with the meeting in 2013, the ICDRA has been well advertised online with open registration
and are attended by increasing number of participants. To share some of the key events and take-
home  messages  from  the  last  ICDRA  meeting  with  duckweed  researchers  and  interested
stakeholders, I would like to use this Editorial Letter in the current DF as the venue to summarize my
personal perspectives. For a complete listing of all the presentations and posters, I refer the reader
to peruse the meeting program in this issue of the DF and for the associated abstracts of the full
program, we have made this available on the website of the Rutgers Duckweed Stock Collective
(www. ruduckweed.org).

Compared to the previous four ICDRA conferences, this latest one stands out as the one
where  applied  research  from  several  companies  are  maturing  and  there  is  clear  collaboration
between commercial  ventures  and  basic  research  groups.   The  companies  that  presented  oral
and/or  poster  reports  include  Hinoman  Ltd.  (Israel)  and  ABC-Kroos  (The  Netherlands)  who  are
interested in human food applications for  duckweed, which appears to be a "hot"  topic area for
applied research as well. The quality and benefits of duckweed as a food source are being rigorously 
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examined  by  analytical  chemistry  techniques  and clinical  studies,  with  the  majority  of  the  data
showing  significant  beneficial  qualities.  Thus,  duckweed  is  not  only  good  for  the  planet  as  a
sustainable new crop platform but  also good for  our  health.  Several  lectures also focus on the
systematic optimization of growth conditions and explore their use for products such as biogas.
Multiple presentations now focus on developing vertical farming systems for duckweed as a new
approach for  biomass production.  I  expect  this  more  flexible  and scalable  means of  duckweed
cultivation will  find a large interest especially  in the area of urban-farming and sustainable food
production in the coming years.

For basic research, some exciting areas that were presented by multiple labs are in the fields
of analytical chemistry, genomics and ecology. New techniques and informatics resources are being
developed to accelerate our understanding of duckweed at the chemical, molecular and population
dynamics  levels.  For  example,  the  establishment  of  reference  structure  libraries  for  defined
compounds  coupled  with  pipelines  for  duckweed  tissue  processing  and  extraction  for  Mass
Spectrometry  analysis  will  greatly  aide  our  characterization  of  duckweed biology while  enabling
natural  product  discovery  that  may  have  societal  and  commercial  benefits.  Similarly,  the  rapid
integration  of  orthogonal  technologies  has now transformed our  ability  to  rapidly  generate  high
confidence genome sequences de novo to the chromosome scale. This resource sets the stage for
high  resolution  genomics  approaches  to  study  various  pathways  of  interest  in  duckweed.  The
application of optimized transformation and gene editing technologies that have been reported for
duckweed should enable us to tap the great potentials of the Lemnaceae plant family as a model
plant to tackle complex problems such as plant-microbe interaction and flowering control.

As in the past ICDRA meetings,
this  venue  also  provides  an
opportunity  to  conduct  community
related  business  in  addition  to
information exchange and networking.
An  electronic  poll  was  conducted  to
elect the 4th cohort of the International
Steering Committee (ISCDRA) for our
community.  The result of the poll was
revealed  and  the  members  from  the
previous  ISCDRA  (Klaus  Appenroth,
Eric Lam, Yubin Ma, Tsipi Shoham and
Sowjanya Sree [see picture above]) were re-elected
to serve another term. Marvin Edelman, a member
of the previous ISCDRA, has opted not to stand in
for  this  election  and  his  service  was  duly
acknowledged.  The  two  other  candidates  who
stood in the election process, Rob Martienssen and
Shuqing Xu, were thanked by me as the Chair for
the 4th ISCDRA for their interest to serve.  

In the next order of business, the Steering
Committee celebrated the impressive contributions
by  Prof.  Marvin  Edelman  from  the  Weizmann
Institute  of  Science  of  Israel  by  bestowing  the
Lifetime  Achievement  in  Duckweed  Research
award  to  him  in  a  ceremony  organized  by
Sowjanya Sree and Autar Mattoo (see photo). Among an impressive list of publications on 
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duckweed research and applications, Dr. Edelman's discovery of a key component in the acceptor
side of Photosystem II using the duckweed plant model was recounted by Autar Matoo, his long time
collaborator  and  friend,  along  with  the  inspiring  rigor  and  foresight  that  he  has  brought  to  the
scientific endeavor in his field of interest as well as to the broader research community in Israel.  

To encourage and reward excellence in the
new  generation  of  duckweed  researchers,
the organizers of the 5th ICDRA has chosen
two  best  posters  and  their  presenters  for
the second and top prizes - Kenneth Acosta
and  Rahul  Jog,  respectively.   The  award
certificates were presented to the students
by Asaph Aharoni (see photo above) during
the  meeting  in  one  of  the  sessions.  Each
awardee  was  also  provided  with  a  cash
prize  from  the  organizers  afterwards.  A
surprise  award  was  presented  by  Klaus
Appenroth to Rob Martienssen (See photo
to  the  right)  after  his  lecture,  which
announced the completion of chromosome-
resolved  reference  genomes  for  three
species of duckweed: Lemna minor, Lemna gibba and Wolffia australiana. To share these important
new resources with the broader community as soon as possible, the final assemblies have now been
deposited by the team in publicly accessible databases before publication of the papers. We believe
this should now firmly establish the Lemnaceae as an excellent plant model system with one of the
most advanced collection of reference genomes in the family.

As in previous ICDRAs, the last order of business is to reveal the host for the next meeting
from tallying the votes from those who were attending the meeting. Out of the three competing
candidate hosting sites, the IPK at Gatersleben, Germany, was the one that garnered the most votes
from the attendees.  This  6th ICDRA will  be  organized  by  Prof.  Ingo Schubert  and  his  team.  An
announcement is already submitted by Prof. Schubert in this issue of the DF.  We all look forward to
seeing all the new development in the duckweed field in 2021.

Finally, I would like to thank all the organizational team in Rehovot, Israel with Profs. Edelman,
Levy and Aharoni as the leads, for a most enjoyable and smooth conference. The accommodation, 
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food, and cultural excursions were all excellent. In addition, the logistics team headed by Talia and
Naomi provided very efficient and friendly support to everyone. This meeting ran like clockwork and I
believe most, if not all, left with great memories for many years to come.

Warm regards to all,

Eric Lam

Chair, ISCDRA
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5th ICDRA: Program Schedule
Link to the 5th ICDRA Abstract Book:

http://www.ruduckweed.org/uploads/1/0/8/9/10896289/5th_icdra_conference_ebooklet.pdf

Monday, September 9, 2019

15:00-16:30 Registration David Lopatie Conference Centre, 
Entrance lobby 

Poster hanging David Lopatie Conference Centre, 
Main hall, poster area

16:30-16:45 Welcoming David Lopatie Conference Centre, 
Kimmel Lecture Hall

Marvin Edelman Some statistics

Avi Levy Dean, Faculty of Biochemistry, WIS

Session 1 Chair Klaus-J Appenroth, JU

16:45-17:30 Marcel AK Jansen Using duckweeds to resolve basic questions in
(Keynote lecture) ecosystem biology; from duckweed dispersal

to duckweed-based remediation system

"Late Entrants"     Session  

17:30- 17:50 Miri Lapidot Cultivating Wolffia globosa var Mankai as a 
new food ingredient: challenges toward a 
superior, stable, nutrient composition

17:50-18:10 Yang Fang Aquatic plant duckweed – a material with great
value for theoretical and applied research

18:10-18:20 Karl-M Schmidt Modeling of a continuous indoor culture system 
for Lemnaceae

18:20-18:30 Manpreet Kaur Integrated approach for efficient conversion

of Lemna minor to biogas

19:00-21:00 Mixer/buffet dinner Café Mada
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Tuesday, September 10, 2019

08:30- Registration, Poster hanging 

Session 2 Chair Autar K Mattoo, USDA

09:15-10:00 Asaph Aharoni Metabolic insights from duckweed  
(Keynote lecture) metabolomics

10:00-10:30 Nikolai Borisjuk Duckweed surface cuticle

10:30-11:00 Coffee 

11:00-11:30 Masaaki Morikawa Bacteria and growth promotion of duckweed

11:30-12:00 Eric Lam Duckweed microbiomes

12:00-13:15 Lunch

13:15-14:45 Poster viewing 1

Session 3 Chair Ron Vunsh, WIS

14:45-15:30 K Sowjanya Sree Flowering in duckweed
(Keynote lecture)

15:30-16:00 Ingo Schubert Genome evolution among duckweeds

16:00-16:30 Coffee

16:30-17:15 Tokitaka Oyama Circadian rhythms and single-cell analysis in 
(Keynote lecture) duckweed

17:15-17:45 Uwe Heinig Exploring the nonpolar metabolome:
lipidomic profiling of duckweed

17.45-18:15 ISCDRA meeting Chair, Eric Lam, RU

18:15-18:50 Mini Colloquium WIS: A Center of Duckweed Research

18:15 Autar K Mattoo Water-loving plants and discerning what a
(Co-chair) critical protein in photosynthesis actually does 

18:25 Jonathan Gressel Checkered history of using duckweed at Weizmann

18:35 Ron Vunsh Working with and under the guidance of Meir: 
leading to new findings in the Lemnaceae family

18:40 Klaus-J Appenroth From chloroplast to polyploidy in 40 years

18:45 K Sowjanya Sree Visits to WIS duckweed labs & concluding remarks

(Co-chair)

19:00-21:00 Dinner San Martin Dining Hall
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Wednesday, September 11, 2019

Session 4 Chair Rob Martienssen, CSHL

09: 15-10:00 Todd Michael New technologies for genome mapping in 
(Keynote lecture) duckweed

10:00-10:30 Shuqing Xu Genetic variation and mutation rate in 
Spirodela 

10:30-11:00 Coffee

11:00-11:30 Hongwei Hou Gene transformation protocols in duckweed

11:30-12:00 Sergey Dolgov Wolffia arrhiza and Lemna minor as 
expression platforms for pharmaceutical and 
veterinary substances

12:00-14:00 Lunch  & Poster viewing 2

14:00-21:00 Conference tour Trip to Jerusalem

Guided tour and dinner in Jerusalem.
Busses will leave from the Lopatie 
Conference Center at 14:00.  
Return to WIS at approximately 21:00
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Thursday, September 12, 2019

Session 5 Chair Eric Lam, RU

09:30-10:00 Iris Shai Protein bioavailability in duckweed 

10:00-10:30 Klaus Appenroth Nutritional value of duckweeds 

10:30-11:00 Coffee

11:00-11:30 Jurriaan Mes Health impact of a single & repeated intake of
Lemna minor: two controlled human trials

11:30-12:00 Hans Derksen Lemna protein concentrate in human food 

products

12:00-13:00 Lunch

13:00-14:30 Poster viewing 3

Session 6 Chair Jonathan Gressel, WIS

14:30-15:00 Ingrid van der Meer Duckweed as a new sustainable plant protein 
source: building a Novel Food dossier

15:00-16:00 Poster talks

Rahul Jog P3 - Novel extracellular plant growth factors (PGFs) 
produced by duckweed associated bacteria

Simona Paolacci P7 - Establishment of a duckweed-based aquaculture 
wastewater treatment system in Ireland

Hidehero Ishizawa P27 - Frond economics spectrum: correlations between 
duckweed morphology, physiology, and capacity

Anthony Bishopp P28 - To root or not to root: an investigation into
structural reduction in duckweeds

                       Paul Fourounjian           P15 - Academic research topics with industrial importance

16:00-16:30 Coffee
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Session 7 Chair Gideon Oron, BGU

16:30-17:15 Jay Cheng Phytoremediation & energy production 
(Keynote lecture) using duckweed

17:15-17:45 Paul Ziegler Spirodela polyrhiza turions as a model for 
aquatic plant overwintering?

17:45-18:15 Rob Martienssen Duckweed genomics and genome engineering
for sustainable biofuel

18:15 Best poster awards Asaph Aharoni

19:00-21:00     Dinner                    San Martin Dining Hall
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Spirodela polyrhiza: A tale 
of two reference genomes 
Todd P. Michael1 and Eric Lam2

1Department of Informatics, J. Craig Venter Institute (JCVI), La Jolla, CA, USA
2Department of Plant Biology, Rutgers the State University of New Jersey, New Brunswick, NJ, USA

Duckweed was a popular model plant species for many years until it was replaced by Arabidopsis
thaliana due its superior seed set and genetics. Then Arabidopsis was chosen to be the first plant
genome sequenced, which propelled it into an incredible platform for all disciplines of plant biology
(Arabidopsis Genome Initiative). In 2009, nine years after the sequencing of the Arabidopsis genome,
we proposed the generation of a  Spirodela polyrhiza reference genome in hopes of propelling the
duckweed  community  as  a  model  system  for  plant  biology  once  again,  and  enabling  a  new
generation of plant research anchored on key biological characteristics that have made duckweed
an  ideal  plant  in  the  past.  In  fact,  the  sequencing  of  the  small  genome  of  S.  polyrhiza by  the
Department of Energy Joint Genome Institute (DOE-JGI) Community Sequencing Program (CSP) in
2009 helped to  nucleate  a  renaissance in  duckweed research  (Lam et  al.,  2014)  that  now just
celebrated the end of its  fifth  international  duckweed conference.  Reference genomes serve the
purpose  of  providing  an  immense  amount  of  information  and  tools  to  the  community  that  are
needed not only to drive research forward but also to coalesce a community. It is the goal of this
article to discuss the history in developing high quality reference genomes for the first sequenced
duckweed species and make some suggestions to help the duckweed community-at-large to more
effectively utilize these rapidly evolving database and resource.
Spirodela is the most basal duckweed genus and has the smallest known monocot genome at about
158 Mb (Wang et al., 2011). The initial S. polyrhiza reference genome draft produced by the DOE-JGI
in 2009-10 was based on clone 7498 collected from Durham, North Carolina USA (35N 75W) that we
received directly from Elias Landolt. The initial genome assembly (Sp7498; GCA_000504445.1) was
based  on  454  mid-size  reads  (~20X  coverage)  and  BAC-end  sequencing.  The  resulting  draft
assembly was good enough to reveal that while Spirodela retains the core set of plant genes, it
shows a reduction in most gene families resulting in a total of an estimated 19,623 protein coding
genes (Wang et al., 2014). At the time this was the fewest genes found in a flowering plant genome,
consistent  with  its  greatly  reduced  body  plan  and  rapid  growth.  However,  this  first  Spirodela
reference assembly only covered 90% of the genome with 10.7% in gaps filled with Ns, and was not
resolved into 20 chromosomes but only anchored into 32 super-scaffolds (Wang et al., 2014).

Therefore,  we set out to  improve the  S.  polyrhiza reference by creating a chromosome-resolved
reference  genome.  We  reasoned  it  would  be  invaluable  to  expand  the  genomic  resources  in
duckweed and to quantify intraspecific variations at the same time we generate more sequences for
this species. So we sequenced a second clone 9509 (Sp9509) from Lotschen, Germany (50N 11W)
due to its lower Specific Turion Yield (STY) as compared to Sp7498 (Kuehdorf et al., 2014). To arrive
at a chromosome scale assembly for Sp9509 we coupled high-depth (~100X coverage) Illumina
short-read sequencing with BioNano single-molecule DNA optical mapping, achieving a high-quality
reference  genome  resolved  into  20  chromosome  models  (Michael  et  al.,  2017).  The  Sp9509
chromosome-resolved  genome  assembly  (Sp9509v3;  GCA_001981405.1)  revealed  additional
significant discoveries about the Spirodela genome such as the proper identification of 50% more
repeat content, and the highest solo:intact LTR (Long Terminal Repeat) ratio, as well as the lowest 
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ribosomal array number of any plant sequenced to date. However, the Sp9509v3 assembly still had
8%  gaps  so  we  leveraged  the  newer  Oxford  Nanopore  single-molecule  long  read  sequencing
platform and coupled our data with multi-color FISH (mcFISH) cytogenomics to generate a fully
resolved  (zero  sequence  gaps)  and  validated  S.  polyrhiza reference  genome,  Sp9509_oxford_v3
(Hoang et al., 2018). This is the most complete and accurate Spirodela  genome assembly to date,
which is readily accessible through NCBI (GCA_900492545.1) and as a certified genome on CoGe
(https://genomevolution.org/coge; id51364).

Recently the Sp7498 genome draft was updated using a different long read technology with the
Pacific Biosciences platform (An et al., 2019), but without any additional orthogonal chromosome
scale  technologies  for  validation  and  cross-referencing.  The  resulting  Sp7498_pacbio
(GCA_008360905.1) assembly is an order of magnitude less contiguous with a contig N50 length of
0.83 Mb compared to Sp9509_oxford_v3 at 2.87 Mb (Table 1). 

Table 1.  Statistics of the  Spirodela polyrhiza genome assemblies.  The genome assemblies were
compared  using  quast  to  generate  basic  statistics.  PacBio,  Pacific  Bioscience;  Oxford,  Oxford
Nanopore;  HiC,  high  throughput  chromatin  conformation  capture;  BioNano,  BioNano  Genomics
optical  mapping;  mcFISH,  multi-color  FISH;  N50  length,  the  length  of  the  contig  at  half  of  the
assembly (highlighted row); L50, the number of contigs at half the length of the assembly; N's, gap in
the assembly filled with N to represent unknown bases; bp, base-pairs.

Sp7498v3_
PNAS

Sp7498 Sp7498_HiC Sp7498 Sp9509_
oxford_v3

Sp9509

sequencer PacBio PacBio Oxford Oxford Oxford Oxford

Chromosome BAC BAC HiC HiC BioNano/
mcFISH

BioNano/
mcFISH

Scaffolds contigs Scaffolds contigs Scaffolds contigs

Total length (bp) 138,536,245 138,525,388 135,016,721 135,012,021 138,592,155 138,570,896

Largest contig (bp) 10,795,902 3,236,013 11,014,964 8,648,393 11,560,055 7,326,273

contigs (#) 134 384 42 89 20 95

N50 length (bp) 7,645,982 837,937 7,685,690 4,285,233 7,949,387 2,868,147

L50 (#) 8 52 8 12 8 16

N's (#) 10,857 0 4,700 0 21,268 9

However,  it  is  regrettable  that  the  new Sp7498v3  assembly  failed  to  leverage  publicly-available
information generated from several orthologous chromosome-scale technologies as deployed for
the assembly of Sp9509_oxford_v3 reference genome (Michael et al., 2017; Hoang et al., 2018). We
found the resulting Sp7498_pacbio genome assembly contains at  least ten major chromosomal
mis-assemblies when compared with  the Sp9509 reference (Figure 1).   We checked this  with  a
recently developed Sp7498 genome assembly based on Oxford Nanopore long reads and HiC (High-
throughput Chromatin conformation capture) technologies (Sp7498_HiC). We found that 
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Sp7498_HiC matches closely with the Sp9509_oxford_v3 genome but is broken in the same places
when compared to the new Sp7498_pacbio model (Figure 1; Harkess et al., 2019). For these reasons
we argue that the Sp9509_oxford_v3 genome assembly continues to serve as the reference genome
for the duckweed community since it  is imperative that we leverage the highest quality data for
future work.

Notwithstanding some of the shortcomings that we found with the new Sp7498_pacbio genome
assembly,  it  nevertheless  provides  a  new and  useful  resource  to  mine  this  basal  genus  of  the
duckweed family for genes and genome features that will  help us understand this model plant's
behaviors. For example,  in our 2017 paper (Michael  et al.,  2017),  we described the evidence for
strain-specific  gene  sets  that  were  present  only  in  one  or  the  other  strain  of  S.  polyrhiza.
Characterization of these loci can now be possible at high resolution using these reference quality
genomes  and  gene  annotations  to  better  understand  their  evolutionary  history  and  potential
pathways of gene loss or gene birth.

Genome Locations

Sp7498, GCA_000504445.1, phytozome.jgi.doe.gov

Sp7498_pacbio, GCA_008360905.1
Sp7498_HiC, https://genomevolution.org/coge; id55812

Sp9509v3, GCA_001981405.1, https://genomevolution.org/coge; id25821; 
ftp://mocklerlab.org/spirodelagenome/new_Sp9509v3_assembly/

Sp9509_oxford_v3, GCA_900492545.1, https://genomevolution.org/coge; id51364

References

Arabidopsis Genome Initiative. Analysis of the genome sequence of the flowering plant  Arabidopsis thaliana.
Nature. 2000 Dec 14;408(6814):796-815.

An D, Zhou Y, Li C, Xiao Q, Wang T, Zhang Y, Wu Y, Li Y, Chao DY, Messing J, Wang W. Plant evolution and
environmental adaptation unveiled by long-read whole-genome sequencing of Spirodela. Proc Natl Acad Sci
U S A. 2019 Sep 17;116(38):18893-18899.

vol 7 (4), page 158 of 188

DUCKWEED FORUM

Figure 1: Syntenic dotplot comparisons between long-read derived Sp7498 and Sp9509 (oxford_v3) genomes reveal major
misassemblies  in  Sp7498_PNAS.  All  comparisons  were  performed  in  CoGE  using  default  SynMap  parameters.  Any
comparison  involving  Sp7498_PNAS  was  performed  using  gene  predictions  lifted  over  from  Sp9509  since  no  gene
annotations are  publicly  available.  A)  Sp7498_HiC vs Sp7498_PNAS,  B)  Sp9509 vs  Sp7498_PNAS,  and C)  Sp9509 vs
Sp7498_HiC.
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Modular production of 
duckweed for water and air 
cleaning
Klaus-J. Appenroth 

University of Jena, Matthias-Schleiden-Institute – Plant Physiology, 07743 Jena, Germany. 

Email: Klaus.Appenroth@uni-jena.de

Each  practical  application  of  duckweed  has  to  face  the  problem  of  large-scale  cultivation.  The
required upscaling from laboratory bench production of a few grams of fresh biomass to the scale of
tons seems to be a daunting problem. I  visited in  August  this  year  the company Aqua Light  in
Bramsche near Osnabrueck in Germany. The company is active since 1987 and normally produced
all  kind of illumination tools for aquaria.  However,  one of the leading people,  the Biologist Helgo
Feige, discovered his love for duckweed. His aim is to clean both air and water, cooperating with the
University of Osnabrueck. He created a kind of air washing tower (Fig. 1), in which water from the top
is sprayed against flowing air from the bottom. Many possible airborne pollutants can be soluble to
some extent in water. This simple principle may be used to "wash" the discharged air from farm
animal facilities for pigs or cows, the smelly air from sewage treatment plant or exhaust fume from
heavy traffic places or simply for the cleaning of city air. Helgo Feige compared the effectiveness of
this  physical  process  of  his  experimental  washing  tower  with  the  effect  of  2000  trees.  The
interesting  step,  however,  is  the  subsequent  use  of  the  polluted  wash-water  as  fertilizer  for
duckweed. The inventor constructed a demonstration model consisting of shelves (or drawers) with
5 or 9 levels (each 1.45 x 1.95 m2) consisting of acrylic glass which makes the horizontal cultivation
of duckweed possible (Fig. 2). The equipment could purify 150L wash water per day and produce ca.
33 kg fresh material per day. Mr. Feige was ready to talk about several problems he faced over the
time and how he solved these problems. To be not completely dependent on the environmental
situation  he  put  the  shelves  in  an isolated container,  which  prevents  too much heat  during the
summer and too low temperature during the winter in Germany. Light is available from the top and
from one side of the container (Fig. 3, 4). The top layer needs some shading during the season of
highest light intensity or the plants will bleach. The main part of the light comes from the side and is
guided by the drawer material, acrylic glass, functioning like an optical fibre. Moreover, the duckweed
culture is slightly rotating horizontally in the drawers changing the light conditions for the plants
between very low light intensity in the depth of the drawers and normal daylight conditions close to
the window wall. In the winter time, when the daylight intensity is very low, illumination by LEDs is
possible – remember that the name of the company is “Aqua Light”. The wash water is pumped to
the top layer and by a simple tube system it can be guided to the next lower levels with or without
the plants (Fig. 5, 6). 
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                           Fig 1                                                 Fig 2                                                       Fig 3

                          Fig 4                                                     Fig 5                                                     Fig 6                  

The water  from washed air  or  from other sources like  municipal  waste  water  needs often (but
depending  on  the  wastewater,  not  always)  some  additional  fertilizers.  In  the  present  case,  the
fertilizer “Kristall” from the Mairol Company in Gussenstadt, Germany was used with less (or much
less) than 3 kg for 3000 L medium. The fertilizer has the following composition:

• 14% N total-N [11% ammonium-N and 3% nitrate-N]

• 12% P2O5 water-soluble phosphate 

• 14% K2O water-soluble potassium oxide 

• 2% MgO water-soluble magnesium oxide 

• 0.06% B water-soluble Boron 

• 0.02% Cu water-soluble copper as EDTA-chelate 
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• 0.11% Fe water-soluble iron as EDTA-chelate

• 0.09 % Mn water-soluble manganese 

• 0.001% Mo water-soluble molybdenum 

• 0.007% Zn water-soluble Zinc

It  is  assumed  that  the  effectiveness  of  the  equipment  also  depends  on  the  use  of  several,
morphologically  very  different  duckweed  species.  I  identified  preliminarily  on  the  morphological
basis three species: Lemna minor L., Lemna minuta Kunth and Wolffia arrhiza (L.) Horkel ex Wimm.
(Two species can be seen in Fig. 7). Another observation is rather surprisingly to a duckweed person:
in the presence of some green algae (Desmodesmus,  Chlamydomonas) the duckweed cultivation
runs  more robust.  Thus,  algae are  not  avoided  but  are  considered  as  useful  for  the  cultivation
system.

Helgo Feige reported that after some time of cultivation the plants did not grow well because of the
presence of large amount of infusoria, ciliated protozoan. As it is known that some fish species eat
infusoria, they added to the cultivation system some small guppy fishes (Fig. 8;  Poecilia reticulate)
and  after  that,  the  cultivation  system  appears  to  be  stable  for  2  years.  During  this  trial  run,
wastewater from pig and cow sheds were used while the duckweed biomass produced was used as
feedstock for biogas production.

                                                    Fig 7                                                                 Fig 8

For more details see http://symbiofilter.de/

The company is searching for cooperation partners who are interested in air and water cleaning
system. For contact:

Aqualight GmbH
Am Basterpohl 6
D-49565 Bramsche, Germany
Fax 0049 5468939153
Email: info@aqualight.de
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Discussion Forum: 
Registration of duckweed 
clones/strains
Klaus-J. Appenroth, K. Sowjanya Sree and Eric Lam

ISCDRA

During the  first  “International  Conference on Duckweed Research and Applications”  on 7 th -  10th

October  2011  in  Chengdu,  China,  it  was  recommended  by  those  attending  that  newly  isolated
duckweed clones are to be registered at  the Rutgers Duckweed Stock Cooperative (RDSC),  New
Jersey, USA: “Finally, an important resolution by the participants of the Conference was to maintain
the 4-digit code system started by Landolt for future strain designation in publications and stock
collections. The adoption of a unified code system for strain designation was viewed by all attending
as essential at that juncture in order to minimize confusion in the field. Meanwhile, Elias Landolt
agreed with these ideas and extends his support in the identification and numbering of duckweed
clones in use (Zhao et al., 2012).” In the ensuing years, a large number of clones were registered at
the RDSC under the management by the head of the largest duckweed collection, Eric Lam. This
procedure  had  two advantages:  1.  The numbering system was standardised and,  2.  During the
registration process, the RDSC manager checks to confirm that the species identification was done
in a reliable way and that necessary information related to the locale of clone isolation are provided
and  added  to  the  database  at  the  RDSC.  We  think  that  this  had  a  significant  impact  on  the
identification and reporting of duckweed strains by providing a uniform set of criteria to validate the
claim. Otherwise, sometimes one could get the feeling that plants were identified as Lemna minor
because this Lemna was small (this is the meaning of “minor”) and others were identified as Wolffia
arrhiza because this Wolffia did not have roots (this is the meaning of “arrhiza”). As another example,
not so many people can distinguish  L. minor and  L. gibba when  L. gibba does not has the typical
gibbous structure – which is often the case. Thus, this standardised procedure also helped to push
the method of identification toward molecular barcoding, mainly on the basis of plastidic sequences
(Borisjuk et al., 2015). It would be excellent if the clones could be kept alive on certain places and
some  years  back  we  thought  of  Rutgers  and  Jena.  However,  this  service  for  the  duckweed
community was rather ambitious since keeping a large number of clones alive and under axenic
(“sterile”) condition requires a lot of work and time.  

Luckily, the number of research groups increased significantly in the time period since the meeting in
Chengdu and consequently also the number of newly registered clones.  Currently though, neither
the collection at the Rutgers University nor that in Jena can accept more clones in an indiscriminate
way. Even the number of registered clones increased so much that at times, it became a burden to
the staff at the RDSC. Moreover, with large-scale collections from different types of ecological and
biogeographic studies becoming more popular, it may not be too long before all numbers between
0001 and 9999 could be used up.
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As a way forward for our community, we would like to discuss several alternative procedures for the
future:

1. We stop mandatory registration at the RDSC and ask individual research groups to use private ID
systems and register their duckweed clones at publicly accessible databases to host their barcode
sequences, along with the identification based on this molecular information. In this scenario, only
new clones with particular phenotypes of interest for the community that we will maintain at the
RDSC or Jena collections are given the 4-digit Landolt numbers.

Disadvantages: No standardised clone numbering system are required for manuscript review and
publication; database for searching duckweed strain-related information may be more complicated
with this way of organizing community resources; problems for those species that do not need to be
identified by molecular barcoding, like Lemna trisulca.

2.  We continue with registration at  Rutgers starting a new numbering system, which makes the
numbers A0001 to A9999 available. Of course, keeping a large number of new clones in the RDSC or
in the Stock Collection Jena is quite impossible for the foreseeable future.

Disadvantages: There is a permanent workload for the staff at Rutgers in terms of curating all newly
identified and reported duckweed strains.

3. Robert Martienssen at the Cold Spring Harbor Laboratory suggest to register all molecular data
for  sequencing  of  duckweed  in  a  separate  database,  http://lemna.org.  Even  whole  genome
sequencing  data  could  be  saved  there,  which  would  support  many  researchers'  work  with  the
Lemnaceae family, e.g. searching for molecular markers.

Disadvantages: We would expect this scenario may generate a permanent workload that would be
even higher than in Alternative 2.

We would like to ask the community to provide feedback to us as to how we should continue in the
future by voting for one of these three alternatives. Thereafter, we hope we can convince authors and
reviewers for duckweed-related work to follow a standardised procedure in naming new duckweed
strains used in their work.  Of course, we would be glad to hear of any other alternatives that our
community members may suggest as well.
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6th ICDRA: Announcement
6th International Conference on Duckweed
Research and Applications (6th ICDRA)
The 6th ICDRA will be held from May 30 –June 02, 2021 in Gatersleben, Germany,

at the Leibniz Institute of Plant Genetics and Crop Plant Research (IPK).

 After five successful Duckweed Conferences in China, USA, Japan, India and Israel, the 6 th ICDRA 
will take place for the first time in Germany. The conferences in the past witnessed tremendous 
progress in all fields of duckweed research as well as a rapid growth of the community involved in 
basic research and commercial applications with duckweed.

Besides the large efforts in USA and in Asian countries, several European countries are contributing
essential efforts to establish duckweeds as a model for developmental biology, genome evolution
and ecology, and transforming them into a novel aquatic crop. The location of the coming meeting
should reflect this situation.

The 6th ICDRA will  be  organized by the  German National  Academy of  Sciences Leopoldina,  the
International Steering Committee on Duckweed Research and Applications (ISCDRA), the German
Society for Plant Breeding (GPZ) and the IPK Gatersleben.  The local  organizers will  be:  Klaus-J.
Appenroth (University of Jena), Jens Freitag, Manuela Nagel and Ingo Schubert (all from IPK).

The IPK in Gatersleben is a member of the  Leibniz Association of 86 Non-universitarian German
Research Institutions, and with nearly 600 employees and ~80 PhD students from more than 30
nations, is one of the largest crop research institute in Europe. It has a longstanding history in plant
research.  The  institute  comprises  four  Departments:  Breeding  Research,  Molecular  Genetics,
Physiology and Cell Biology, and Genebank (harboring one of the ten largest germplasm collections
world-wide). Research topics in the IPK include all branches of biology for model and crop plants as
well as for their wild relatives; and since 2014 also cytogenomics on duckweeds.

 

IPK Auditory with Casino (aka Cafeteria) and Genetics Building

The  logo  of  the  6th ICDRA  depicts  the  various  fields  of  research  and  applications,  to  name  a  few:  morphology,
metabolomics, development, chromosome biology, genomics, microbial associations. Logo by Dr. K. Sowjanya Sree, India.  
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The IPK is  situated  nearly  in  the  center  of  Germany,  close to  the  UNESCO World  Heritage City
Quedlinburg, where the accommodation and bus transportation to and from the conference venue
will be organized. 

 

 Romanesque Cathedral and half timbered houses in the old town of Quedlinburg

Gatersleben  has  a  train  station.  The  nearest  airports
Leipzig/Halle, Hannover and Berlin can be reached by car or train
within about two hours.

A first circular will  be sent out and opening of the Conference
website will be announced by the end of 2019. 

For questions please contact: 

Prof. Ingo Schubert 

Phone: +49(0)39482 5 239 

e-mail: schubert@ipk-gatersleben.de
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Student Spotlight: Rahul 
Jog
Postdoctoral fellow, Morikawa-lab, Hokkaido University, Japan

(Email: rahuljog861@gmail.com)

To  be  brutally  honest,  I  had  no  idea  about  the  existence  of
duckweed before joining the Morikawa-lab at Hokkaido University,
Japan.  Being  a  microbiologist,  I  was  working  on  diversity  and
mechanisms of plant growth promoting bacteria (PGPB),  to be
specific,  Actinobacteria  from  the  wheat  rhizosphere  for  my
doctoral studies in India. During the last year of my Ph.D., while
looking  for  career  opportunities,  I  got  in  touch with  Professor
Morikawa (we call  teachers  as  sensei  in  Japan,  so  Morikawa-
sensei  here  forth).  “You  will  be  working  on  understanding  the
molecular mechanisms of duckweed growth promoting bacteria”,
he told me during our  telephone conversation.  “Great!  Looking
forward!!!”, I replied. “But what is this duckweed?”, I wondered in my mind, making sure I don’t ask
him. Later, he sent me a bunch of papers and the project proposal to study before coming to Japan
and that is how I was introduced to duckweed (and Japan). Fast forward to 2019 and it is hard to
imagine life without seeing duckweed at least once a day. Duckweed research group in our lab works
mainly on duckweed associated bacteria (DAB), their mechanisms and applications in wastewater
bioremediation. Morikawa-sensei has collaborations with colleagues in Japan and also companies
across  the  world  and  we  are  one  of  the  very  few groups  working  on  practical  applications  of
duckweed for industrial wastewater treatment which is different from municipal wastewater.

Weather in Sapporo, the second snowiest metropolitan city in the world, is quite cold and
chilly for most of the year. It snows for 6 months (and rains the other 6, because it is Japan) and we
only have a very brief summer (June-August) to cultivate duckweed in natural conditions. This year,
in collaboration with a company, we had cultivated duckweed at the Hokkaido University Botanical
Garden for harvesting biomass. The small pool that we planned on using had not been used for the
last 10 years or so. Naturally, it was all muddy and covered with rocks and vegetation including some
duckweed, in such a bad overall condition that you won’t believe it to be a pool even if anybody told
you so. Everyone in our team from the junior-most member to sensei himself chipped in for the
cleaning drive and we managed to clean it in a day. We filled it up with water, mixed some fertilizer
and added a seed culture of duckweed (that grew there all these years!) and let it grow at its own
pace. We frequently visited the pool during the next few weeks for harvesting the duckweed. The
memories I have of these visits are precious with the brilliant Hokkaido weather showing us all its
glory from sweaty sunny summer days to sudden downpours. Rushing to find the shelter under huge
trees,  sudden appearances of jumping frogs or  rats(!)  while  harvesting in the pool,  enjoying the
drinks break, carrying the harvest load back to our lab, the smell of the dried duckweed; memories
are a plenty and vivid. Now that Sapporo is about to be buried under the blanket of snow, our pool-
duckweed (and the duckweed group) will patiently wait till favorable growth conditions return. Our 
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hypothesis is that the duckweed in Hokkaido have survival strategy for overwintering by sinking into
a frozen pond without creating seeds so as to start growing immediately after melting of snow.

When I am not harvesting duckweed and jumping with the frogs, I try to make sense of how
DABs  manage  to  promote  duckweed  growth.  Our  lab  had  reported  the  first-ever  plant  growth
promoting bacteria for duckweed, Acinetobacter calcoaceticus P23 way back in 2010. Since then, we
have isolated many more growth promoting DABs routinely. While we know a lot about how bacteria
associated  with  soil-based  plants  promote  plant  growth,  such  knowledge  about  free-floating
duckweed and its bacteria is sparse. We found that DAB can have a completely different growth
promoting mechanism as compared to those of soil-plant associated bacteria.  P23 and MRB-10
(Bacillus pumilus) two duckweed growth promoting bacteria with high plant attachment efficiency
have  completely  different  plant  growth  factors  (PGFs)  with  P23  relying  on  extracellular
polysaccharides while MRB-10 producing extracellular proteins for plant growth promotion. While we
have already characterized PGF from P23, I am now working on knowing which is the PGF protein
from MRB-10. Since duckweed multiplies rapidly, mostly by vegetative propagation, the duckweed-
microbe  interaction  is  quite  unique  as  compared  to  other  plants.  With  latest  addition  to  the
knowledge  of  duckweed  microbiome  (Lam-lab)  and  DAB  mechanisms  (Morikawa-lab  and
colleagues)  coupled  with  rapid  advances  in  duckweed  genomes  &  transcriptomes  along  with
chemical  characterization of duckweed root exudates (Aharoni-lab),  we have entered an exciting
phase of finally being able to understand the entire duckweed holobiont. I hope to continue riding
this duckweed roller-coaster, where journey is more beautiful than the destination. I will see you at
the next ICDRA conference, until then Otsukaresama desu (Google it!).
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Botanical Garden, we are struggling to figure out the best 
equipment for harvest.

Close-up  shot  of  duckweed  harvest.  Picture  in  the  left
corner is a confocal image showing DAB (green) on Lemna
minor (orange).



From the Database
Biochemistry

Linkage structure of cell-wall polysaccharides from three duckweed 
species
Sowinski,  EE;  Gilbert,  S;  Lam,  E;  Carpita,  NC  (2019)  CARBOHYDRATE  POLYMERS  223:  Article
Number: UNSP 115119

Rapid growth and easily digestible walls that are naturally low in lignin make the aquatic plant family
Lemnaceae,  or  duckweed,  a  promising  feedstock  for  biofuel  production.  Monosaccharide  and
linkage analysis of cell walls from three species of duckweed: Spirodela polyrhiza, Lemna gibba, and
Wolffia australiana showed that apiogalacturonans and/or xylogalacturonans, and smaller amounts
of  rhamnogalacturonan  I,  constituted  57%,  51%  and  48%  of  their  respective  wall  mass.
Hemicellulosic xylan, xyloglucan, and glucomannan made up lesser amounts wall mass across the
three species. Apiose residues were either non-reducing terminal or 3'-linked, but their ratios varied
substantially from nearly 1:1 for  S. polyrhiza and 2:1 for  L. gibba, to 10:1 for  W. australiana. These
findings will help guide future research to design efficient strategies for disassembly of duckweed
cell walls into sugars and uronic acids for conversion of duckweed biomass into usable fuel, and to
facilitate extraction of other bioproducts from its polysaccharides.

Relationship between the molecular structure of duckweed starch and 
its in vitro enzymatic degradation kinetics
de Souza Moretti, MM; Yu, WW; Zou, W; Franco, CML; Albertin, LL; Schenk, PM; Gilbert, RG (2019)
INTERNATIONAL JOURNAL OF BIOLOGICAL MOCROMOLECULES 139:244-251

Starch molecular structural effects in duckweed (Lemna minor and Landoltia punctata) controlling in
vitro enzymatic degradation kinetics was studied. The molecular size distributions of fully-branched
starches and the chain length distributions (CLDs) of enzymatically debranched duckweed starches
were obtained using size-exclusion-chromatography (SEC). The CLDs of both debranched amylose
and amylopectin were fitted with models using biologically-meaningful parameters. While there were
no significant correlations between amylose content and starch degradation rate, the total amounts
of amylose with shorter chain length negatively correlated with undigested starch content, and the
amount of amylopectin long chains negatively correlated with the degradation rate coefficient. This
provides new knowledge for the utilization of duckweed starches in bioethanol production.

Biotechnology

Anaerobic bioprocessing of wastewater-derived duckweed: Maximizing 
product yields in a biorefinery value cascade
Calicioglu, O; Richard, TL; Brennan, RA (2019) BIORESOURCE TECHNOLOGY 289: Article Number:
121716
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This  study  integrated  the  sugar  and  carboxylate  platforms to  enhance duckweed processing  in
biorefineries.  Two  or  three  bioprocesses  (ethanol  fermentation,  acidogenic  digestion,  and
methanogenic digestion) were sequentially integrated to maximize the carbon-to-carbon conversion
of wastewater-derived duckweed into bioproducts, through a series of laboratory-scale experiments.
Reactors  were  fed  either  raw  (dried),  liquid-hot-waterpretreated,  or  enzymatically-saccharified
duckweed.  Subsequently,  the  target  bioproduct  was  separated  from  the  reactor  liquor  and  the
residues further processed. The total bioproduct carbon yield of 0.69±0.07 g per gram of duckweed-
C  was  obtained  by  sequential  acidogenic  and  methanogenic  digestion.  Three  sequential
bioprocesses  revealed  nearly  as  high  yields  (0.66±0.08  g  of  bioproduct-C  per  duckweed-C),  but
caused more gaseous carbon (dioxide)  loss.  For  this  three-stage value  cascade,  yields  of  each
process in conventional units were: 0.186±0.001 g ethanol/g duckweed; 611±64 mg volatile fatty
acids as acetic acid/g VS; and 434±0.2 ml methane/g VS.

Investigation of biomass production, crude protein and starch content in
laboratory wastewater treatment systems planted with Lemna minor and
Lemna gibba
Iatrou, EI; Kora, E; Stasinakis, AS (2019) ENVIRONMENTAL TECHNOLOGY 40: 2649-2656

The use of duckweed-based wastewater treatment systems for producing biomass with high crude
protein and starch content was investigated in the current study. For this reason, three lab-scale
systems were used;  System 1 was planted with  Lemna minor,  System 2 with  Lemna gibba and
System 3 with the combination of the two duckweeds. The studied duckweeds were cultivated using
secondary treated wastewater as substrate (Phase A), in the presence of excess NH 4-N (Phase B)
and using water with no nutrients (Phase C). All systems achieved average NH 4-N removal higher
that 90%. The specific duckweeds growth rates and the specific duckweeds growth rates normalized
to the area ranged between 0.14 d-1 and 8.9 g m-2d-1 (System 1) to 0.19 d-1 and 14.9 g m-2 d-1 (System
3). The addition of NH4-N resulted in a significant increase of biomass protein content,  reaching
44.4% in System 3, 41.9% in System 2 and 39.4% in System 1. The transfer of biomass in water
containing no nutrients resulted in the gradual increment of the starch content up to the end of the
experiment. The highest starch content was achieved for the combination of the two duckweeds
(46.1%), followed by L. gibba (44.9%) and L. minor (43.9%).

Effect of hydrothermal pre-treatment on duckweed (Landoltia punctata) 
biomass for simultaneous saccharification and fermentation process
Souto,  LRF;  da  Silva,  IF;  Ninow,  JL;  Collins,  SRA;  Elliston,  A;  Waldron,  KW  (2019)  BIOMASS  &
BIOENERGY 127: Article Number: UNSP 105259

Duckweed has been proposed as a potential raw material to produce renewable biofuels, signified
by: its high productivity and low competition with agriculture; its high proportion of carbohydrate
(cellulose and  starch);  a  low lignin  content,  which  avoids  the  likely  recalcitrance  of  cellulose to
saccharification. This study has investigated the effect of hydrothermal pre-treatment on structural
and chemical  changes in Brazilian duckweed (L. punctata)  biomass as well  as its conversion to
bioethanol, focusing on the hydrolysis and fermentation of the cellulose fraction. The biomass was
hydrothermally pre-treated over a range of severities (1.9-4.8) and then subjected to simultaneous
saccharification and fermentation. The best pre-treatment condition was at a severity factor of 3.9;
this condition produced the highest ethanol yield (89 wt% of the theoretical potential yield). This 
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represents a 63 wt% increase compared to untreated biomass.  Hydrothermal  pre-treatment  has
been shown to be a suitable technology for increasing ethanol yields from  L. punctata biomass
towards the theoretical maximum.

Ecology

Does duckweed ponds used for wastewater treatment emit or sequester 
greenhouse gases?
Mohedano, RA; Tonon, G; Costa, Rejane HR; Pelissari, C; Belli FP (2019) THE SCIENCE OF THE TOTAL
ENVIRONMENT 691:1043-1050

The reduction  of  greenhouse gases (GHG)  emissions is  important  challenge  in  the  wastewater
treatment plants. In this way, the present study aimed to evaluate the GHG emissions and carbon
dioxide fixation by duckweed ponds (DWP) applied to treat municipal  wastewater  in a polishing
stage. Two pilot DWP (3000 L) were operated in a series with real wastewater receiving a flow rate of
200 L  d-1 and  organic  load  rate  of  39 g  COD  ha-1 d-1.  Beyond  the  standard  physicochemical
parameters for wastewater monitoring, the gases emissions from pond surface were measures by
using a static flux chamber with infrared probes installed inside to detect CO 2 and CH4 concentration.
Operating  the  DWP with  a  load  of  18.1 kg  TN  ha-1 d-1 and  2 kg  TP  ha-1 d-1,  across  425 days  of
monitoring, higher COD and nutrient removal efficiency was identified (79%, 93% and 84% for COD,
TN and TP, respectively). The CO2 emission rate ranged from 3048 to 6017 mg CO2 m-2 d-1 and the
fixation rate ranged from 19,592 to 42,052 mg CO2 m-2 d-1. Methane emission was not detected (less
than 0.1%). Moreover, low abundance of archaeal community was identified in both DWP. The results
showed that in presented conditions, under low COD loading rate DWP could fix at least three times
more CO2 than it emits, highlighting the sustainability of this natural technology.

DNA barcoding as a tool for early warning and monitoring alien 
duckweeds (Lemna sp.pl.): the case of Central Italy
Marconi, G; Landucci, F; Rosellini, D; Venanzoni, R; Albertini, E (2019) PLANT BIOSYSTEMS 153: 660-
668

Aquatic  habitats  are  vulnerable  to  the  invasion  of  alien  species,  so  early  warning  protocols  are
necessary for eradication. The presence in Italy of two alien duckweeds in freshwaters has been
documented:  Lemna minuta,  that showed high invasivity, and  L. valdiviana,  still  confined to south
Lazio. These two species may be mistaken for each other and for the domestic L. minor and L. gibba
due to morphological variation. Here, we assess the applicability of DNA barcoding as a complement
to  morphological  analysis  for  monitoring the  spread  of  alien  Lemna.  We chose two chloroplast
genome sequences for their ability to discriminate all Lemna species: the 5' intron of the trnK gene
and the matK gene. Among 48 samples of  Lemna collected at 20 sites in Central Italy,  20 were
identified as L. minor, 19 as L. minuta, five as L. trisulca and four as L. gibba. L. minuta was present at
most sampling sites; in particular, at six locations of Lake Trasimeno, eight L. minuta samples were
found. We demonstrate that DNA sequence analyses with cost-effective barcoding techniques can
effectively  support  expert  efforts  in  species  determination  for  an  early  alert  system of  invasive
Lemna species.
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Feed & Food

Letter to original article by Kaplan etal. 2018 - Protein bioavailability of 
Wolffia globosa duckweed, a novel aquatic plant, A randomized 
controlled trial
Jahreis,  G;  Appenroth,  KJ;  Sree,  KS;  Dawczynski,  C  (2019)  CLINICAL  NUTRITION
DOI:10.1016/j.clnu.2019.07.007

No abstract available

RE: Protein bioavailability of Wolffia globosa duckweed, a novel aquatic 
plant, a randomized controlled trial
Alon Kaplan, Miri Lapidot, Ilan Sela, Iris Shai* (2019) Clinical Nutrition 38: 2464

No abstract available.

Effects of different diets on the intestinal microbiota and immunity of 
common carp (Cyprinus carpio)
Yang, S; Du, J; Luo, J; Zhou, Y; Long, Y; Xu, G; Zhao, L; Du, Z; Yan, T (2019) JOURNAL OF APPLIED
MICROBIOLOGY DOI: 10.1111/jam.14405

Aims An 8-week trial  was performed to evaluate the differences in the intestinal  microbiota and
immune  function  of  common  carp  (Cyprinus  carpio)-fed  different  diets.  The  fish  (initial  weight
492.6±30 g, n = 270) were randomly divided into three groups with three replicates and were fed
earthworms (group A), earthworms + duckweed (group M) or duckweed (group P) respectively. The
diversity and dominant microbiota of the intestinal bacteria were detected by denaturing gradient gel
electrophoresis, and the abundance of dominant bacteria was quantified by qPCR. Additionally, the
activities of some nonspecific immune enzymes and antioxidant enzymes were determined. The
results showed that higher diversity and abundance of intestinal microbiota were observed in group
M and group P (p < 0.05). Based on the intestinal microbiota, Cetobacterium was only detected in the
intestines of common carp in group A, and Bacillus was identified in groups M and P. Additionally, a
higher abundance of Bacteroidetes and Firmicutes was also found in the intestine in group P than in
group A (p < 0.05). Interestingly, the higher activities of immune enzymes were detected in intestine
of  common  carp  in  group  M,  such  as  acid  phosphatase,  phosphatase  (AKP),  lysozyme,  total
antioxidant capacity, superoxide dismutase, catalase, glutathione peroxidase. In addition, the lower
levels  of  metabolites were also detected,  such as nitric  oxide and malondialdehyde.  Our results
indicate that the intestinal microbiota and intestinal immunity of common carp were affected by diet.
Meanwhile, the results show that a mixed diet can promote and improve the immune function of the
omnivorous carp intestine, which suggests that paddy fields might be more suitable for the intestinal
health and animal welfare of omnivorous fishes because they contain plant and animal diets. As an
ecological  aquaculture  strategy,  the  rice-fish  mode  has  attracted  attention  among  farmers,
researchers and even consumers, especially for the cultivation of common carp in paddy fields. In
paddy fields, fish can eat plant- and animal-based diets. However, it is not clear whether common
carp feeding on a mixed diet in paddy fields have better intestinal health. This experiment is one of 
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only a few studies performed from the perspective of intestinal micro-organisms and immunity to
successfully  study the  effects  of different  natural  diets  on adult  common carp.  This  study also
provides a theoretical basis for healthy breeding of common carp in paddy fields.

Interaction with other organisms

Sulfamethoxazole persistence in a river water ecosystem and its effects 
on the natural microbial community and Lemna minor plant
Grenni,  P; Patrolecco, L; Rauseo, J; Spataro, F; Di Lenola, M; Aimola, G; Zacchini,  M; Pietrini,  F; Di
Baccio, D; Stanton, IC; ; Gaze, WH; Caracciolo, AB (2019) MICROCHEMICAL JOURNAL 149: Article
Number: 103999

Sulfamethoxazole  (SMX)  is  a  sulfonamide  antibiotic  commonly  used  in  human  and  veterinary
medicine and frequently detected in surface water as a micro-contaminant. The presence of this
antibiotic and its main transformation product N-4-acetyl-sulfamethoxazole (Ac-SMX) was evaluated
in Italian river water by Solid Phase Extraction (SPE) and subsequent LC MS/MS determination. River
water microcosm experiments were set up in the presence and absence of duckweed ( Lemna minor
L.) adding SMX (500 µg L-1) with the aim of evaluating the persistence of antibiotic and its effects on
both the microbial community naturally occurred in a river and the plant The concentrations of SMX
and Ac-SMX were measured at fixed times over a period of 28 days. The microbial abundance, intI1
gene and plant morphophysiological analyses were also conducted. In the river water samples, SMX
was not detected as a parent compound, but its acetylate metabolite Ac-SMX was found as a micro-
contaminant.  The  results  of  the  microcosm experiment  showed that  SMX did  not  substantially
degrade, except in the presence of L. minor where a slight decrease (17%) was observed. The river
residual concentration of Ac-SMX remained quite constant during the experimental period. The river
microbial community was initially affected by adding the antibiotic with a decrease in its abundance;
however, although it was not able to degrade SMX, it displayed an overall antibiotic resistance. In
fact, the intI1 gene was found throughout the entire experimental period.

Enhanced biomass production and nutrient removal capacity of 
duckweed via two-step cultivation process with a plant growth-
promoting bacterium, Acinetobacter calcoaceticus P23
Ishizawa, H; Ogata, Y; Hachiya, Y; Tokura,  KI; Kuroda, M; Inoue, D; Toyama, T; Tanaka, Y;  Mori,  K;
Morikawa, M; Ike, M (2019) CHEMOSPHERE 238:124682

Plant  growth-promoting  bacteria  (PGPB)  are  considered  a  promising  tool  to  improve  biomass
production  and  water  remediation  by  the  aquatic  plant,  duckweed;  however,  no  effective
methodology is available to utilize PGPB in large hydroponic systems. In this study, we proposed a
two-step cultivation process, which comprised of a "colonization step" and a "mass cultivation step,"
and examined its efficacy in both bucket-scale and flask-scale cultivation experiments. We showed
that  in  the  outdoor  bucket-scale  experiments  using  three  kinds  of  environmental  water,  plants
cultured through the two-step cultivation method with the PGPB strain, Acinetobacter calcoaceticus
P23, yielded 1.9 to 2.3 times more biomass than the control (without PGPB inoculation). The greater
nitrogen and  phosphorus  removals  compared  to  control  were  also  attained,  indicating  that  this
strategy is useful for accelerating nutrient removal by duckweed. Flask-scale experiments using non-
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sterile  pond  water  revealed  that  inoculation  of  strain  P23  altered  duckweed  surface  microbial
community structures, and the beneficial effects of the inoculated strain P23 could last for 5-10 d.
The loss of the duckweed growth-promoting effect was noticeable when the colonization of strain
P23 decreased in the plant. These observations suggest that the stable colonization of the plant with
PGPB is  the  key for  maintaining the accelerated duckweed growth and nutrient  removal  in this
cultivation method. Overall, our results suggest the possibility of an improved duckweed production
using a two-step cultivation process with PGPB.

Physiological profile of microbial communities associated with some 
plant aquatic species
Marutescu,  L;  Popa,  M;  Surugiu,  M;  Pircalabioru,  GG;  Craciun,  N  (2019)  ROMANIAN
BIOTECHNOLOGICAL LETTERS 24: 625-634

Freshwater is becoming an increasingly scarce resource in the entire world. An ecologically friendly
and cost  effective strategy to  provide clean water  is  represented by phytoremediation,  which is
based on the ability of certain aquatic plants to recycle nutrients. Since the microorganisms that
colonize plants are important for growth, the aim of this study was to investigate the plant microbial
community functionality as Community-Level Physiological Profiles (CLPP) using EcoPlates (TM).
Duckweed  (Lemna  minor,  L.  trisulca,  Wolffia  arrhiza)  and  water  were  sampled  from  Laboratory
Aquariums of Faculty of Biology, University of Bucharest (Bucharest, Romania) and Lake Vacareti
(Bucharest,  Romania).  The  Shannon-Wiener  and  Simpson's  indices  indicated  a  high  functional
diversity in microbial communities attached to duckweed samples. The response from the Ecoplates
showed which substrates support the growth of duckweed associated bacteria and free floating
aquatic  bacteria  respectively.  All  31  carbon sources were  metabolized by  duckweed associated
bacteria, and only 12 were utilized by water samples: beta-methyl-D-glucosidase, D-galactonic acid
gamma lactone, D-galacturonic acid L-asparagine, Tween 40, Tween 80, D-manitol, L-serine. A total
of six carbon sources were preferred by microorganisms associated with duckweed plants: D-xylose,
D-galacturonic acid, Tween 80, D-manitol, 4-hydroxy benzoic acid, glycogen In all the aquatic plant
samples,  while  none  preferred  i-erythritol,  2-hydroxy  benzoic  acid,  L-phenylalanine,  alpha-
cyclodextrin,  N-acetyl-D-glucosamine,  L-threonine,  alpha-ketobutyric  acid,  D,L-alpha-glycerol
phosphate and putrescein.

Performance of plant growth-promoting bacterium of duckweed under 
different kinds of abiotic stress factors
Ishizawa,  H;  Tada,  M;  Kuroda,  M;  Inoue,  D;  Ike,  M  (2019)  BIOCATALYSIS  AND  AGRICULTURAL
BIOTECHNOLOGY 19: Article Number: UNSP 101146

The  effectiveness  of  a  plant  growth-promoting  bacterium  (PGPB)  of  duckweed,  Aquitalea
magnusonii H3,  was studied under treatment with various abiotic stress factors repressing host
plant growth (copper, zinc, salinity, weak light, low temperature, and nutrient scarcity). In the absence
of stress factors, strain H3 stably improved the weekly yield of duckweed (Lemna minor) by 5.2-8.1%
relative  to  aseptic  control  plants.  However,  in  the  presence  of  stress  factors  that  reduced  the
duckweed weekly yield by approximately 40%, the performance of strain H3 changed both positively
and  negatively  depending  on  the  stress  factor.  Specifically,  the  growth  promotion  of  strain  H3
increased  to  17.2%  and  14.3%  when  the  plant  was  subjected  to  copper  and  zinc  stresses,
respectively. Further evidence of increased plant accumulation of copper and zinc in the presence of 
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strain H3 suggested that strain H3 enhanced the plant's capacity to both accumulate and tolerate
these heavy metals. Conversely, the effects of strain H3 were inhibitory for duckweed growth under
high  salinity  and  nutrient-poor  conditions.  Additionally,  other  stress  factors  (weak  light  and  low
temperature) had no significant influence on PGPB performance. These results suggest that notably
higher or lower performance of PGPB can be expressed under different kinds of plant stress factors.

Molecular Biology

Plant evolution and environmental adaptation unveiled by long-read 
whole-genome sequencing of Spirodela
An, D; Zhou, Y; Li, C; Xiao, Q; Wang, T; Zhang, Y; Wu, Y; Li, Y; Chao, DY; Messing, J; Wang, W (2019)
Proceedings of the National Academy of Sciences of the USA 116:18893-18899

Aquatic plants have to adapt to the environments distinct from where land plants grow. A critical
aspect  of  adaptation  is  the  dynamics  of  sequence  repeats,  not  resolved  in  older  sequencing
platforms due to incomplete and fragmented genome assemblies from short reads. Therefore, we
used PacBio long-read sequencing of the Spirodela polyrhiza genome, reaching a 44-fold increase of
contiguity with an N50 (a median of contig lengths) of 831 kb and filling 95.4% of gaps left from the
previous version. Reconstruction of repeat regions indicates that sequentially nested long terminal
repeat (LTR) retrotranspositions occur early in monocot evolution, featured with both prokaryote-like
gene-rich regions and eukaryotic repeat islands. Protein-coding genes are reduced to 18,708 gene
models  supported  by  492,435  high-quality  full-length  PacBio  complementary  DNA  (cDNA)
sequences. Different from land plants, the primitive architecture of Spirodela's adventitious roots and
lack of lateral roots and root hairs are consistent with dispensable functions of nutrient absorption.
Disease-resistant  genes  encoding  antimicrobial  peptides  and  dirigent  proteins  are  expanded  by
tandem duplications. Remarkably,  disease-resistant genes are not only amplified,  but also highly
expressed, consistent with low levels of 24-nucleotide (nt) small interfering RNA (siRNA) that silence
the  immune  system  of  land  plants,  thereby  protecting  Spirodela against  a  wide  spectrum  of
pathogens and pests. The long-read sequence information not only sheds light on plant evolution
and  adaptation  to  the  environment,  but  also  facilitates  applications  in  bioenergy  and
phytoremediation.

Declined cadmium accumulation in Na+/H+ antiporter (NHX1) transgenic 
duckweed under cadmium stress
Yang, L; Wei, Y; Na, L; Zeng, JY; Han, YJ; Zuo, ZJ; Wang, ST; Zhu, YR; Zhang, Y; Sun, JS; Yong W
(2019) ECOTOXICOLOGY AND ENVIRONMENTAL SAFETY 182: Article Number: UNSP 109397

Cadmium (Cd) is a serious threat to plants health. Though some genes have been reported to get
involved in the regulation of tolerance to Cd, the mechanisms underlying this process are not fully
understood. Na+/H+ antiporter (NHX1) plays an important role in Na+/H+ trafficking. The salt and
cadmium stress  tolerance were  found to  be  enhanced by  NHX1 in  duckweed according  to  our
previous study, however, its function in Cd2+ flux under Cd stress has not been studied. Here we
explored the Cd2+ flux in wild type (WT) and NHX1 transgenic duckweed (NHX1) under Cd stress. We
found that the Cd2+ influx in NHX1 duckweed was significantly declined, followed by an increased
Cd2+ efflux after 20 min treatment of Cd, which resulted a less accumulation of Cd in NHX1. 
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Reversely,  inhibition  of  NHX1  by  amiloride  treatment,  enhanced Cd2+ influx  in  NHX1  duckweed,
subsequently  delayed Cd2+ efflux in both genotypes of duckweed under Cd2+ shock.  H+ efflux in
NHX1 duckweed was lower compare with that in WT with 20 min Cd2+ shock. NHX1 also increased
the pH value with Cd2+ stress in the transgenic rhizoid. These finding suggested a new function of
NHX1 in regulation of Cd2+ and H+ flow during short-term Cd2+ shock.

Population genomics of the facultatively asexual duckweed Spirodela 
polyrhiza
Ho,  EKH;  Bartkowska,  M;  Wright,  SI;  Agrawal,  AF  (2019)  NEW  PHYTOLOGIST  DOI:
10.1111/nph.16056

Clonal propagation allows some plant species to achieve massive population sizes quickly but also
reduces the evolutionary independence of different sites in the genome. We examine genome-wide
genetic diversity in Spirodela polyrhiza, a duckweed that reproduces primarily asexually. We find that
this geographically widespread and numerically  abundant species has very low levels of genetic
diversity. Diversity at nonsynonymous sites relative to synonymous sites is high,  suggesting that
purifying selection is weak. A potential explanation for this observation is that a very low frequency
of sex renders selection ineffective. However, there is a pronounced decay in linkage disequilibrium
over 40 kb, suggesting that though sex may be rare at the individual level it is not too infrequent at
the population level. In addition, neutral diversity is affected by the physical proximity of selected
sites, which would be unexpected if sex was exceedingly rare at the population level. The amount of
genetic mixing as assessed by the decay in linkage disequilibrium is  not dissimilar  from selfing
species such as Arabidopsis thaliana, yet selection appears to be much less effective in duckweed.
We discuss alternative explanations for the signature of weak purifying selection.

Phytoremediation

Phytoremediation of anaerobically digested swine wastewater 
contaminated by oxytetracycline via Lemna aequinoctialis: Nutrient 
removal, growth characteristics and degradation pathways
Hu,  H;  Zhou,  Q;  Li,  X;  Lou,  W;  Du,  C;  Teng,  Q;  Zhang,  DM;  Liu,  HY;  Zhong,  YY;  Yang,  CP  (2019)
BIORESOURCE TECHNOLOGY 291: Article Number: 121853

The  concentration  of  antibiotics  in  anaerobically  digested  swine  wastewater  (ADSW)  usually
gradually increases due to the addition of antibiotics in livestock feed.  Lemna aequinoctialis was
used to treatment synthetic ADSW contaminated by oxytetracycline (OTC) whose concentrations
were 0.05, 0.25, 0.50 and 1.00 mg/L, and its influences on NH3-N and TP remove were investigated.
The fresh weight, photosynthetic pigment and protein content of duckweed were also investigated.
Results  have  shown  that  nutrient  removal  and  duckweed  growth  followed  the  "dose-response"
relationships,  and  0.05  mg/L  OTC  could  significantly  promote  the  synthesis  of  photosynthetic
pigments  and proteins  in duckweed.  Meanwhile,  the protein  content  gradually  decreased during
investigation. More important, the degradation products and possible degradation pathways of OTC
were diagrammatized via liquid chromatography coupled with tandem mass spectrometry (LC-MS/
MS), and twelve intermediates were detected in the duckweed systems. This study can offer a novel
view for phytoremediation of ADSW containing antibiotics by aquatic plants.
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Enhanced adsorption of Cr(VI), Ni(II) ions from aqueous solution using 
modified Eichhornia crassipes and Lemna minor
Balasubramanian,  UM;  Vaiyazhipalayam  Murugaiyan,  S;  Marimuthu,  T  (2019)  ENVIRONMENTAL
SCIENCE AND POLLUTION RESEARCH INTERNATIONAL DOI:10.1007/s11356-019-06357-7

The environment is seriously affected by the release of hazardous heavy metals from the industries.
The transformation of aquatic weeds into valuable nanosorbent has been considered as effective
and efficient material in the wastewater treatment process. The aim of the study is to analyze the
potential  of  nano-EC  and  nano-LM  for  the  removal  of  chromium(VI)  and  nickel(II)  ions.  The
characteristics of nanosorbent were analyzed using Fourier transform infrared spectroscopy (FTIR),
Brunauer Emmett-Teller analysis (BET), scanning electron microscope (SEM), energy-dispersive X-
ray  spectroscopy  (EDX),  and  thermo  gravimetric  analysis  (TGA),  respectively.  Adsorptive
performance of nanosorbent was studied with respect to pH, contact time, nano adsorbent dosage,
and metal ion concentration. The maximum monolayer adsorption capacity of Cr(VI) and Ni(II) with
respect to nano-EC was found to be 79.04mg g-1 and 85.09 mgg-1, respectively. Adsorption isotherm
and kinetic studies were performed and it was reported that adsorption isotherm follows Langmuir
model with regression coefficient R2>0.9 for nano-EC and nano-LM respectively. The pseudo-second
order model was found to fit well with experimental data. Experimental results suggested that nano-
EC can be considered as  a  suitable nanosorbent  for  the  removal  of  Cr(VI)  and Ni(II)  ions  from
effluents.

Boron (B) removal and bioelectricity captured from irrigation water 
using engineered duckweed-microbial fuel cell: effect of plant species 
and vegetation structure
Turker, OC; Yakar, A; Ture, C; Saz, C (2019) ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH
INTERNATIONAL DOI:10.1007/s11356-019-06285-6

Boron (B) in the irrigation water can be hazardous to human beings and other aquatic or terrestrial
organisms when B concentration exceeds a certain level. More importantly, B removal from irrigation
water is relatively difficult using conventional processes. In the present experiment, an innovative
treatment model based on monoculture and polyculture duckweed wastewater treatment modules
was tested for B-rich irrigation water purification and bioelectricity  harvesting. Different modules
were designed using Lemna gibba L.,  Lemna minor L., and their combination in order to determine
the  most  optimal  duckweed  species  and  vegetation  structure  for  B  removal  process  and
bioelectricity generation in a module. In this respect, the module with a monoculture of Lemna gibba
achieved  the  highest  net  B  removal  efficiency  (71%)  when  it  was  exposed  to  4  mg/L  B  (initial
concentration).  However,  B  removal  efficiencies  from  all  modules  decreased  when  the  initial  B
concentrations reached up to 4 mg/L in the irrigation water. The highest bioelectricity production
was measured as 1.04 V with 17783 mW/m2 power density at a current density of 44.06 mA/m2 for
module with  Lemna gibba in monoculture through sacrificial magnesium anode. Specifically, both
monocultures  and  polyculture  removed  considerable  amounts  of  organic  matter  from  irrigation
water.  However,  biomass production  and  total  chlorophyll  (a  +  b)  concentrations of  duckweeds
significantly  decreased  when they  were  exposed to  32  mg/L  B  in  the  irrigation  water  samples.
Consequently, our modules present a holistic perspective to the prevention B toxicity problems in 
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agricultural  zones,  and are a sustainable strategy for  farmers or  agricultural  experts to produce
bioelectricity by a cost-effective and eco-technological method.

Enhanced bioremediation of heavy metals and bioelectricity generation 
in a macrophyte-integrated cathode sediment microbial fuel cell 
(mSMFC)
Kabutey,  FT;  Antwi,  P;  Ding,  J;  Zhao,  QL;  Quashie,  FK  (2019)  ENVIRONMENTAL  SCIENCE  AND
POLLUTION RESEARCH INTERNATIONAL 26:26829-26843

Sediment  microbial  fuel  cell  (SMFC)  and  constructed  wetlands  with  macrophytes  have  been
independently  employed  for  the  removal  of  heavy  metals  from  polluted  aquatic  ecosystems.
Nonetheless, the coupling of macrophytes at the cathode of SMFCs for efficient and synchronous
heavy metal removal and bioelectricity generation from polluted river sediment has not been fully
explored. Therefore, a novel macrophyte biocathode SMFC (mSMFC) was proposed, developed, and
evaluated for heavy metals/organics removal as well as bioelectricity generation in an urban polluted
river. With macrophyte-integrated cathode, higher heavy metal removals of Pb 99.58%, Cd 98.46%,
Hg 95.78%, Cr 92.60%, As 89.18%, and Zn 82.28% from the sediments were exhibited after 120 days'
operation.  Total  chemical  oxygen demand,  total  suspended solids,  and loss  on ignition  reached
73.27%,  44.42±4.4%,  and 5.87±0.4%,  respectively.  A  maximum voltage output  of  0.353 V,  power
density of 74.16 mW/m3, columbic efficiency of 19.1%, normalized energy recovery of 0.028 kWh/m3,
and net energy production of 0.015 kWh/m3 were observed in the  Lemna minor L. SMFC. Heavy
metal and organic removal pathways included electrochemical reduction, precipitation and recovery,
bioaccumulation by macrophyte from the surface water,  and bioelectrochemical  reduction in the
sediment. This study established that mSMFC proved as an efficient system for the remediation of
heavy  metals  Pb,  Cd,  Hg,  Cr,  As,  and  Zn,  and  TCOD  in  polluted  rivers  along  with  bioelectricity
generation.

Phytoremediation of methylene blue using duckweed (Lemna minor)
Imron, MF; Kurniawan, SB; Soegianto, A; Wahyudianto, FE (2019) HELIYON 5: Article Number: e02206

Azo dyes are the  largest class of synthetic  dyes and are utilized in several  industries.  Effluents
containing dyes are released to the environment and pose harm to humans who might be exposed
to these contaminants. This study aims to investigate the removal of methylene blue (MB) dye using
duckweed (Lemna minor).  Lemna minor (2 g) was exposed into 50 mg/L of MB dyes for 24 h. The
absorbance values were measured at 0, 0.5, 1, 2, 3, 4, 5, 6, and 24 h with a maximum wavelength of
665 nm. The dye removal percentage and relative growth rate of  L. minor during exposure to MB
were observed. The removal percentage was 80.56±0.44% for 24 h with a relative growth rate of
0.006/h. L. minor has potential as a phytoremediation agent to remove dyes from wastewater.

Heavy metals/metalloids remediation from wastewater using free 
floating macrophytes of a natural wetland
Rai, PK (2019) ENVIRONMENTAL TECHNOLOGY & INNOVATION 15: Article Number: UNSP 100393

Potential  bio-agents  in  context  of  phyto-technological  innovation  for  removal  of  heavy
metals/metalloids have been tightly linked with amelioration of environmental and human health.
The present research investigated the prospective of three wetland plants Pistia stratiotes (water 
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lettuce) Spirodela polyrhiza (a duckweed), and Eichhornia crassipes (water hyacinth) for synchronized
multi-metallic  removal  of  six  hazardous/non-essential  metals  (Fe,  Cu,  Cd,  Cr,  Zn,  Ni)  and  As (a
metalloid) from a Ramsar site of a biodiversity hotspot. Results revealed high removal (>79%) of
different metals during 15 days experiment in microcosms. Further, a saturation limit was reached in
relation to heavy metals/metalloid removal, and thus it declined after two weeks of phytoremediation
experiment in case of water lettuce and water hyacinth (about 8 days saturation limit noticed for
duckweed). In the context of phyto-technological efficiency of selected wetland plants, E. crassipes
was the most efficient for the removal of selected heavy metals followed by  P. stratiotes and  S.
polyrhiza.  Significant correlations between metal  concentration in remediated water  and wetland
plants/macrophytes were obtained. Therefore, these wetland plants may be used in devising eco-
friendly remediation of hazardous heavy metals from wastewater.

Parabens Removal from Domestic Sewage by Free-Floating Aquatic 
Macrophytes
Anjos,  ML;  Isique,  WD; Albertin,  LL;  Matsumoto,  T;  Henares,  MNP (2019) WASTE AND BIOMASS
VALORIZATION 10: 2221-2226

Parabens  are  substances  that  prevent  or  delay  the  deterioration  of  cosmetics,  drugs  and  food
caused by  the  action  of  microorganisms.  Recent  studies  report  their  potential  to  affect  human
health. The present study reported the efficiency of two aquatic macrophytes (Landoltia punctata
and Lemna minor) in parabens (methyl and propyl parabens) removal from domestic sewage. Two
3000-L tanks were used in the experiment: tank A, containing L. punctata; and tank B, containing L.
minor. Samples were collected every three days for 21 days at daylight and evening times. The best
methylparaben (MeP) removal results were recorded for tank A, 90.8 and 90.6% removal at daylight
and at evening time, respectively. For propylparaben (PrP), the best removal were recorded for tank
B,  88.0  and  90.5%  removal  at  daylight  and  at  evening,  respectively.  These  results  highlight  the
efficiency of polishing ponds containing aquatic macrophytes for parabens removal purposes.

Determination of mercury in vegetal tissues by micropixe: Applications 
to the study of hyperaccumulation by Spirodela intermedia (Lemnaceae)
de la Fourniere, EM; Vega, NA; Muller, NA; Pizarro, RA; Debray, ME (2019) BOLETIN DE LA SOCIEDAD
ARGENTINA DE BOTANICA 54: 263-275

Aqueous  mercury(II),  Hg2+,  is  still  nowadays  a  hazardous  pollutant  with  a  large  dispersion.
Phytoremediation  strategies  are  an  environmental  friendly  and  low-cost  alternative.  In  order  to
improve these processes, Spirodela intermedia, an autochthonous floating macrophyte, was used to
remove Hg2+ from mineral  water  under laboratory conditions,  studying the in vivo distribution of
mercury and other elements by nuclear microprobe scanning mapping. Exposures (1 and 10 mg.L -1

Hg2+ concentrations)  were  performed  during  at  least  2  weeks.  All  the  parameters  from  the
bioremediation process as uptake rate,  bioconcentration factors (BCFs)  of mercury in roots and
leaves  and  translocation  factors  (TFs),  were  achieved  from  microPIXE  quantifications  at
BuenosAires  Tandar  accelerator.  For  1  and  10  mg.L -1 concentrations,  S.  intermedia can  be
considered as a hyperaccumulator. The highest BCFs (> 1000 in roots and > 200 in leaves) were
obtained for  1 mg.L-1 of Hg2+ at  96 h.  In all  cases TFs < 1 were measured,  indicating that Hg2+

translocation is not taking place.  High resolution spatial  2D maps of the in vivo distribution for
different exposure conditions were established. It was observed that Hg2+ distribution in leaves is 
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more heterogeneous than in roots. An important finding was the detection of Hg in chlorenchyma
where  its  effects  are  more  toxic.  Correlation  between mercury  and  calcium distribution  and  its
relationship with physiological responses to intoxication have been examined. Phytoremediation of
Hg2+ by  S. intermedia is a convenient alternative. Since the protocol  was performed using a real
water, it becomes an advisable tool at higher scale.

Phytotoxicity

Polyethylene microplastics adhere to Lemna minor (L), yet have no 
effects on plant growth or feeding by Gammarus duebeni (Lillj.)
Mateos-Cardenas,  A; Scott,  DT; Seitmaganbetova,  G; van Pelt,  FNAM; O'Halloran,  J;  Jansen, MAK
(2019) SCIENCE OF THE TOTAL ENVIRONMENT 689: 413-421

Microplastics (1-1000 µm) are ubiquitous in the marine,  freshwater and terrestrial  environments.
These microsized plastics arc considered freshwater pollutants of emerging concern, although the
impacts on organisms and ecosystems are not yet clear. In particular, effects of microplastics on
freshwater aquatic plank and the fate of microplastics in the freshwater trophic chain remain largely
unexplored.  Here  we  demonstrate  that  10-45  µm  polyethylene  (PE)  microplastics  can  strongly
adsorb to all surfaces of the duckweed species  Lemna minor. Despite adsorbance of up to 7 PE
microplastics per mm2, seven day exposure experiments showed that photosynthetic efficiency and
plant growth are not affected by microplastics. Rather, dense surface coverage suggests L. minor as
a  potential  vector  for  the  trophic  transfer  of  microplastics.  Here  we  show  that  the  freshwater
amphipod Gammarus duebeni can ingest 10-45 µm PE microplastics by feeding on contaminated L.
minor. In this study, ingestion of microplastics had no apparent impact on amphipod mortality or
mobility after 24 or 43 h exposure. Yet, the feeding study showed that the fate of microplastics in the
environment may be complex, involving both plant adsorbance and trophic transfer.

Effects of diclofenac and salicylic acid exposure on Lemna minor: Is time
a factor?
Alkimin,  GD;  Daniel,  D;  Dionisio,  R;  Soares,  AMVM; Barata,  C;  Nunes,  B (2019) ENVIRONMENTAL
RESEARCH 177: Article Number: 108609

The  global  occurrence  of  pharmaceuticals  in  the  aquatic  environment  has  been  considered  a
particularly  concerning  problem  with  unknown  consequences.  Non-steroidal  anti-inflammatory
drugs (NSAIDs) including diclofenac (DCF) and salicylic acid (SA), are among the most frequently
prescribed drugs in the  world,  being consequently  commonly found in the aquatic  environment.
Prolonged experiments (with  duration of exposure  that  surpass those recommended by already
established testing guidelines)  are  important  to  obtain  ecologically  relevant  data  to  address the
issue of NSAIDs ecotoxicity,  because by being more realistically  (namely  in  terms of levels  and
durations of exposure), such tests may indicate realistic challenges posed to aquatic organisms.
Among the most common test species that are used for assessing environmental quality, plants play
a leading role.  Lemna species are among the most important plants used for ecotoxicity testing.
Therefore, the aim of this study was to evaluate the temporal effect of a prolonged exposure of DCF
and SA on L. minor. To attain this purpose, L. minor plants were chronically exposed to 0, 4, 20, and
100 µg/L of both pharmaceuticals, and samplings were performed at 6, 10 and 14 days of exposure. 
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The  analyzed  endpoints  were:  levels  of  chlorophyll  a,  b  and  total,  carotenoids;  and  enzymatic
biomarkers, such as catalase, ascorbate peroxidase and glutathione-S-transferases. Diclofenac was
responsible for alterations in all analyzed parameters in different intervals of exposure. Salicylic acid
exposure  was  not  capable  of  causing  alterations  on  pigment  contents  of  L.  minor,  however,
enzymatic biomarkers were altered at all  sampling intervals. Thus, it is possible to conclude that
both  pharmaceuticals  can  cause  damage  on  the  tested  macrophyte  species,  biochemical
parameters  being  more sensitive  than physiological  ones.  Additional  prolonged experiments  are
required to understand the chronic effects of different pharmaceuticals in the aquatic environment,
especially in plants.

Evaluation of cobalt hyperaccumulation and tolerance potential of the 
duckweed (Lemna minor L.)
Hu,  D;  Cheng,  MH;  Hu,  KJ;  Zhang,  W;  Yang,  YR;  Xu,  QS  (2019)  ECOTOXICOLOGY  AND
ENVIRONMENTAL SAFETY 179: 79-87

Lemna minor could tolerate and accumulate more than 5,000 µg g-1 DW of cobalt (Co) without foliar
symptoms, indicating it is a Co hyperaccumulator.  However, the physiological and metabolomics
mechanisms that are responsible for Co accumulation and tolerance are largely unknown. In the
present study, Fourier transform infrared spectroscopy suggested that C=O, C-H, and O-H groups are
involved in Co biosorption. The activation of antioxidant enzymes, such as superoxide dismutase,
guiacol peroxidase, catalase, and glutathione reductase, as well  as ascorbic acid and glutathione
might be involved in capturing reactive oxygen species as evidenced by decreased malondialdehyde
in fronds treated with Co. Metabolomics analysis revealed that Co stress significantly increased the
production of several amino acids (except aspartic acid and cysteine at 200 µM) and organic acids
(with the exception of succinic acid). In particular, an approximate 15-fold increase was noted in the
citric acid concentration. Upon exposure to Co, increases were observed in citrate synthase, malate
dehydrogenase, and phosphoenolpyruvate carboxylase activities, and a decrease was observed in
isocitrate  dehydrogenase  related  to  the  metabolism  of  organic  acids.  Overall,  the  increase  in
concentration of organic and amino acids and antioxidants support their effective involvement in
improving Co tolerance and accumulation in L. minor.

Ecotoxicological effects on Lemna minor and Daphnia magna of 
leachates from differently aged landfills of Ghana
Sackey,  LNA;  Koci,  V;  van  Gestel,  CAM  (2019)  THE  SCIENCE  OF  THE  TOTAL  ENVIRONMENT
698:134295

Management of leachates generated by solid waste disposal is a very challenging aspect of landfill
management in most parts of the world. In most developing countries, the leachates generated are
discharged into the environment without treatment, leading to contamination of ground and surface
waters and causing human health problems. Even though its potential risk has been established
through chemical analyses, less work has been conducted on its effect on ecosystems. This study
assessed the toxicity of leachates from three landfill  sites of different ages from Ghana, namely
Tema,  Mallam  and  Oblogo,  to  aquatic  organisms.  Duckweed  (Lemna  minor)  and  crustaceans
(Daphnia magna) toxicity tests were performed using exposures to concentrations of 6.25, 12.5, 25,
50 and 100 mL/L of the landfill leachates in control growth media. Physico-chemical properties of
the leachates were also determined. The leachates from all the sites were toxic with IC50 values 
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ranging  from  2.8  to  29.5%.  The  Oblogo  landfill  leachate  (the  oldest  site)  being  most  toxic  to
duckweed  and  Tema  landfill  leachate  (the  youngest  site)  most  toxic  to  D.  magna.  Leachates
characterized had varying concentrations of heavy metals (0.2-42.3 mg/L) with Cu and Cd below
detectable limit. The organic component COD was below the permissible level (110-541 mg/L) and
the TOC exceeded the permissible level (350-6920 mg/L). These results indicate that the age and
other characteristics of the landfill  sites contribute to the difference in the toxicity of the Ghana
landfill leachates.

Aquatic Phytotoxicity to Lemna minor of Three Commonly Used Drugs of
Addiction in Australia
Yadav,  MK; Kumar,  A;  Short,  MD; Nidumolu,  B;  Saint,  CP (2019) BULLETIN OF ENVIRONMENTAL
CONTAMINATION AND TOXICOLOGY DOI:10.1007/s00128-019-02708-9

The  manufacturing  and  consumption  of  drugs  of  addiction  has  increased  globally  and  their
widespread  occurrence  in  the  environment  is  an  emerging  concern.  This  study  evaluated  the
phytotoxicity of three compounds: methamphetamine, codeine and morphine; commonly reported in
Australian urban water, to the aquatic plant Lemna minor under controlled conditions. L. minor was
sensitive to lower drug concentrations when administered in multi-compound mixtures (100-500 g L -

1) than when applied individually (range 600-2500 g L -1), while no adverse effects were observed at
environmentally-relevant concentrations (1-5 g L -1) detected in wastewater effluent. In conclusion,
the results show that the concentrations of these compounds discharged into the environment are
unlikely  to  pose adverse phytotoxic  effects.  These three compounds are known to be the most
stable of their group under such conditions indicating that with this respect it is safe to use recycled
water  for  existing  regulated  reclaimed  purposes  including  agricultural  or  parklands  irrigation  or
replenishing  surface  and  groundwater.  However,  more  research  on  the  analysis  of
methamphetamines  and  opiates  in  municipal  effluents  is  needed  to  reassure  the  likely
environmental  hazard  of  these  neuroactive  drug  classes  to  aquatic  organisms.  Given  the  ever-
growing  production  and  aquatic  disposal  of  discharge  wastewater  globally,  this  study  provides
timely and valuable insights into the likely drug-related impacts of effluent disposal on aquatic plants
in receiving environments.

Toxicity of atrazine and the products of its homogeneous photocatalytic 
degradation on the aquatic organisms Lemna minor and Daphnia magna
Klementova, S; Hornychova, L; Sorf, M; Zemanova, J; Kahoun, D (2019) ENVIRONMENTAL SCINECE
AND POLLUTION RESEARCH INTERNATIONAL 26:27259-27267

Usage of atrazine, a widely used herbicide, is now banned in many countries. Although forbidden to
use, significant concentration of this herbicide is still present in the environment. The study focused
not  only  on  the  toxicity  of  atrazine  itself  but  also  on  products  of  homogeneous  photocatalytic
degradation. Such degradation was very fast in given conditions (sufficient amount of Fe(III) in the
reaction system)-more than 95% of the initial amount of atrazine was eliminated after 30 min of
irradiation. The toxicity of atrazine and its photodegradation products were examined on the aquatic
plant Lemna minor and microcrustacean Daphnia magna in both acute and chronic tests. While the
growth inhibition assay of atrazine for L. minor revealed EC50 value of 128.4 µg dm-3, the herbicide
did not affect Daphnia in the acute toxicity assay. A degradation product, desethyl-atrazine, has been
demonstrated to have a pronounced negative effect on the plant growth. Both atrazine and desethyl-
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atrazine affect negatively the number of juveniles and number of clutches of Daphnia magna in the
chronic toxicity assay. Photocatalytic degradation lowers the negative effect of atrazine in Daphnia
magna while photodegradation products still negatively affect Lemna growth.

Assessment of the effects of metribuzin, glyphosate, and their mixtures 
on the metabolism of the model plant Lemna minor L. applying 
metabolomics
Kostopoulou, S; Ntatsi, G; Arapis, G; Aliferis, KA (2019) CHEMOSPHERE 239:124582

Chemical plant protection products (PPPs) is a major group of xenobiotics that are being released in
the environment. Although the effects of individual active ingredients (a.i.) on organisms have been
studied, information on those of mixtures, is fragmented. Aquatic environments are being polluted by
PPPs, posing serious risks for the environment, human, and other organisms. Based on the potential
of the model aquatic plant  Lemna minor L. in the assessment of PPPs-caused stresses, we have
undertaken  the  task  of  developing  a  metabolomics  approach  for  the  study  of  the  effects  of
metribuzin and glyphosate,  and their  mixtures.  Bioassays revealed that metribuzin exhibit  higher
toxicity than glyphosate and metabolomics highlighted corresponding changes in its metabolome.
Treatments had a substantial impact on plants' amino acid pool, resulting in elevated levels of the
majority of the identified amino acids. Results indicate that the increased proteolytic activity is a
common  effect  of  the  a.i.  and  their  mixtures.  Additionally,  the  activation  of  salicylate-signaling
pathways was recorded as a response to the toxicity  caused by mixtures.  Among the identified
metabolites that were discovered as biomarkers were gamma-aminobutyric acid (GABA), salicylate,
caffeate, alpha,alpha-trehalose, and squalene, which play multiple roles in plants' metabolism such
as, signaling, antioxidant, and structure protection. No reports exist on the combined effects of PPPs
on Lemna and results confirm the applicability of Lemna metabolomics in the study of the combined
effects  of  herbicides  and  its  potential  in  the  monitoring of  the  environmental  health  of  aquatic
environments based on fluctuations of the plant's metabolism.

Evaluation of physiological changes induced by the fluoroquinolone 
antibiotic ciprofloxacin in the freshwater macrophyte species Lemna 
minor and Lemna gibba
Nunes, B; Veiga, V; Frankenbach, S; Serodio, J; Pinto, Gl (2019) ENVIRONMENTAL TOXICOLOGY AND
PHARMACOLOGY 72:103242

The worldwide increase in the consumption of antibiotics is becoming a concern for the scientific
community, since the presence of their residues in the wild poses specific challenges, especially in
ecotoxicological  terms.  Currently,  antibiotics are used for  a wide range of purposes,  being used
against bacterial diseases but also as growth promoters. As a result, their environmental presence
can affect wild organisms, especially those from the aquatic environment. This scenario leads to the
need of characterizing the toxicity of antibiotics, especially towards non-target organisms. In this
study we selected two species of aquatic macrophytes,  Lemna minor and Lemna gibba, which are
standard plant species inscribed in ecotoxicological testing guidelines. In this work we characterized
the toxic effects of the quinolone antibiotic ciprofloxacin (in levels of 0.005, 0.013, 0.031, 0.078, and
0.195 mg/L), focusing on its potential toxicity towards photosynthetic mechanisms, and pro-oxidant
effects. These objectives were attained by measuring the concentrations of chlorophyll a and b, and
carotenoids levels. The determination of the quantum yield allowed assessing the effects of 
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ciprofloxacin on the photochemical efficiency of the Photosystem II. The pro-oxidant effects induced
by ciprofloxacin were evaluated by measuring oxidative stress biomarkers, such as catalase activity,
and also by determining lipoperoxidation levels. The obtained results showed no differences in terms
of the content of both chlorophylls a and b, or any change in the photochemical efficiency of the PSII;
however, the global carotenoids content of L. gibba were significantly decreased. The activity of the
anti-oxidant enzyme catalase was also significantly increased in  L. minor.  Lemna gibba showed a
decrease in lipid peroxidation levels, but only for the two lowest concentrations of ciprofloxacin. The
global set of data shows the activation of the anti-oxidant defensive system of both plant species, a
response  that  was  likely  activated  by  the  pro-oxidant  character  of  ciprofloxacin.  Our  data
demonstrate the interference of this therapeutic compound at different levels of plant metabolism, at
ecologically relevant concentrations. In fact, the obtained results are of ecological relevance since
they illustrate deleterious effects that may compromise the physiology of aquatic non-target plant
species.

Orthophosphate modulates the phytotoxicity of nano-ZnO to Lemna 
minor (L.)
Chen, XL; O'Halloran, J; Jansen, MAK (2019) ENVIRONMENTAL TECHNOLOGY 40: 2446-2454

Because of their applications in large numbers of products, Zinc Oxide nanoparticles (nano-ZnO) will
inevitably enter into the environment. Nano-ZnO released into the environment will be present in a
complex matrix which can cause various chemical and physical transformations and modulate the
biological  reactivity of these particles. Due to their  rapid growth and small  size,  Lemna minor is
recommended  by  OECD  for  toxicological  testing.  Here,  we  tested  how  nano-ZnO  reactivity  is
modulated by the suite of macro- and micronutrients that are present in  L. minor growth media.
Specifically,  we  measured  ex  situ  Reactive  Oxygen  Species  (ROS)  formation  by  nano-ZnO,  and
subsequent in planta toxicity. The data show how orthophosphate can modulate both ex situ ROS
formation, and in planta toxicity. This has ramifications for phytotoxicity testing, which is commonly
performed under controlled conditions and on media containing orthophosphate.

Evaluation of morpho-physiological traits and contaminant accumulation
ability in Lemna minor L. treated with increasing perfluorooctanoic acid 
(PFOA) concentrations under laboratory conditions
Pietrini, F; Passatore, L; Fischetti, E; Carloni, S; Ferrario, C; Polesello, S; Zacchini, M (2019) SCIENCE
OF THE TOTAL ENVIRONMENT 695:133828

There is increasing concern about the effects of releasing emerging contaminants (i.e. endocrine-
disrupting  chemicals,  pharmaceuticals,  personal-care  products  and  flame  retardants)  into  the
environment. Particular attention is being paid to perfluoroalkyl substances (PFAS) because of their
persistence and bioaccumulation, especially in the aquatic environment. In this paper, we present
results  of  a  study  aimed  at  evaluating  the  effects  of  different  perfluorooctanoic  acid  (PFOA)
concentrations (2, 20 and 200 µg/L) on morpho-physiological traits in  Lemna minor L. plants. The
accumulation of PFOA in the plant's tissues was also monitored. L. minor was selected as a model
plant for ecotoxicological studies, and we performed a seven-day assay for this investigation. The
results highlight the lack of inhibitory effects on biometric parameters such as mean frond area, total
frond number, multiplication rate, doubling time of frond number and average specific growth rate,
for each of tested PFOA concentrations. Also, at photosynthetic level, physiological measurements 
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showed that chlorophyll content and electron transport rate (ETR) were not affected by the exposure
to PFOA. Remarkably,  the chlorophyll  fluorescence images,  used for  the first  time in a study on
PFOA,  evidenced  no  impairment  to  the  photosynthetic  efficiency,  measured  by  the  maximum
quantum yield  of  photosystem II  (PSII)  photochemistry  (Fv/Fm),  the  quantum efficiency of  PSII
photochemistry (φPSII) and the non-photochemical quenching (NPQ) over the leaf surface of PFOA-
treated plants, in comparison to control. Quantification of PFOA in the growth medium at the end of
the seven-day test revealed no statistically different concentrations in plates with or without L. minor
plants. We detected increasing PFOA accumulation in plant tissues, in accordance with the PFOA
concentrations  in  the  medium.  Therefore,  the  L.  minor plants  were  capable  of  taking  up  and
accumulating PFOA. The ecological  impact of  the environmentally  relevant PFOA concentrations
tested in this work on biological organisms of the aquatic environment is discussed.

Toxicological risks of Acid Bordeaux B on duckweed and the plant 
potential for effective remediation of dye-polluted waters
Torbati,  S (2019) ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH DOI:10.1007/s11356-
019-05898-1

In the present study, the ability of duckweed (Lemna minor L.) in the decolorization of Acid Bordeaux
B (ABB), as an aminoazo benzene dye, from polluted waters was evaluated. It was found that the rise
of  temperature  and  enhancement  of  the  plant  initial  weight  led  to  increasing  the  dye  removal
efficiency,  but  raising the  initial  dye  concentration and pH reduced it.  However,  in  the  optimum
conditions, the plant exhibited a considerable potential for the phytoremediation of ABB by 94%. The
comparison of the experimental dye removal efficiency with its predicted amounts from ANN (R2 =
0.99)  showed that  ANN supplied  the  appropriate  predictive  performance.  Inhibition  of  the  plant
growth and reduction of the chlorophyll (Chl) a, b, and a+b content (around 26%, 32.4%, and 28.6%,
respectively) after plant treatment with 40 mg/L of ABB confirmed its toxic effects on the plant in
high concentrations. Antioxidant enzyme activities and contents of malondialdehyde, phenol,  and
flavonoids were also raised by the augmentation of the ABB concentration. As a result of the ABB
biodegradation pathway, seven intermediate compounds were identified using GC-MS analysis.

vol 7 (4), page 185 of 188

DUCKWEED FORUM



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). 1,000 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://www.mobot.org/jwcross/duckweed/duckweed.htm Comprehensive site on all things 
duckweed-related, By Dr. John Cross.

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

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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