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Introduction

Reading today the past literature on potential use of duck-
weeds from the 1970’s and 1980’s (Hillman and Culley 
1978; Augsten 1984), one must be very surprised. They 
sound more like prophecies than scientific texts. These 
authors imagined diverse practical applications of duck-
weeds ranging from water purification to their use as pro-
tein-rich biomass for animal feed. Feasibility studies con-
cerning harvesting and transport of duckweed biomass, 
nutritional quality, human and animal health aspects etc. 
were also performed (Frye and Culley 1980). However, as 
far as we know, there was hardly any application of eco-
nomic significance using duckweed. Why was it neglected? 
One key reason is likely that the importance of renewable 
energy and sustainable growth was not well recognized 
globally until the past decade. There have been remark-
able concerns about the changing environmental condi-
tions (i.e. climate change) and food security and safety that 
have built up over the past four decades. It became clear 
that duckweed can contribute to solving some of the most 
important problems facing mankind: to make clean water 
available for everybody, to supply protein of good quality 
and quantity, and to produce renewable energy in a sustain-
able way. The main characteristics of duckweeds that make 
this plant family attractive as an alternative crop are its 
fast growth rate that enables high production rate per unit 
area, its ability to thrive on wastewater while not compete 

Abstract Duckweed, flowering plants in the Lemnaceae 
family, comprises the smallest angiosperms in the plant 
kingdom. They have some of the fastest biomass accumu-
lation rates reported to date for plants and have the dem-
onstrated ability to thrive on wastewater rich in dissolved 
organic compounds and thus could help to remediated pol-
luted water resources and prevents eutrophication. With a 
high quality genome sequence now available and increased 
commercial interest worldwide to develop duckweed bio-
mass for renewables such as protein and fuel, the 3rd Inter-
national Duckweed Conference convened at Kyoto, Japan, 
in July of 2015, to update the community of duckweed 
researchers and developers on the progress in the field. In 
addition to sharing results and ideas, the conference also 
provided ample opportunities for new-comers as well as 
established workers in the field to network and create new 
aliances. We hope this meeting summary will also help to 
disseminate the key advances and observations that have 
been presented in this conference to the broader plant biol-
ogy community in order to encourage increased cross-ferti-
lization of ideas and technologies.
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with food crops for arable land, and its easy harvesting and 
processing.

To accelerate research that aims to tap the potential of 
the smallest and fastest growing angiosperms (cf. Ziegler 
et al. 2015), Spirodela polyrhiza with the smallest duck-
weed genome (160 ± 3 Mbp/1C; Wang et al. 2011; Bog 
et al. 2015) was selected for genome sequencing by a JGI-
funded community project (Wang et al. 2014). The rapid 
progress in molecular biology techniques in the past decade 
makes it feasible to handle also plant systems of practical 
relevance that may lack good genetic data, like duckweed. 
With the significant rise in commercial interest, duckweeds 
are on the way to becoming an important aquatic crop 
that may ameliorate some of the urgent problems facing 
humanity in this century. The 3rd International Confer-
ence of Duckweed Research and Applications in Kyoto, 
Japan (July 3rd–6th, 2015) again brought together duck-
weed researchers and duckweed farmers from around the 
globe, as a continuing effort in growing this nascent com-
munity. In the present paper we report the progress in duck-
weed research and applications concerning genetics and 
genome modifications, their growth stimulating interaction 
with microorganisms, about their basic biology, and the 
advances in practical application of this crop plant for the 
future. It is our hope that the progress in these areas will be 
useful to duckweed researchers worldwide who were una-
ble to attend the meeting. Moreover, we believe that some 
of the exciting advances in this plant family will attract new 
investigators and investors to join our efforts for realizing 
the great potential of duckweed as a new crop and as a new 
model system for basic knowledge in plants.

Genetics, genomics and genome modification

When Wang et al. (2014) published the first genome 
sequence of duckweed (S. polyrhiza, clone 7498), it was 
not the birth hour of molecular duckweed genetics research. 
Posner characterized a photosynthesis mutant in Lemna 
perpusilla, now renamed as L. aequinoctialis, in 1973 
while Slovin and Cohen described L. gibba G3 mutants in 
1987 (Posner 1973; Slovin and Cohen 1987). However the 
initial genome draft for S. polyrhiza 7498 was certainly a 
landmark on the roadmap for the return of duckweed as a 
model plant system. In Kyoto, Hieu Cao (IPK Gatersle-
ben, Germany) reported his use of multicolour fluorescence 
in situ hybridization (mcFISH) to assemble 32 pseudomol-
ecules into the 20 chromosome pairs of S. polyrhiza 7498. 
This improved the previous draft as a reference genome by 
correcting some of the assembly errors as well as calling 
additional linkages between contigs. A similar achievement 
was obtained by deep sequencing a second clone of S. pol-
yrhiza 9509, with more than 100X coverage using Illumina 

short-read sequencing, as presented by Eric Lam (Rutgers 
University, USA). An enhanced genome assembly strategy 
making use of annotation of single-copy, homologous gene 
pairs from the two clones (9509 and 7498) as alignment 
anchors and validation by PCR analyses of the predicted 
junctions yielded 23 pseudo-chromosomes. Gaps were fur-
ther closed using single molecule DNA optical mapping 
technology to produce genome-wide feature maps (GFM) 
and by applying the 200X GFM, the genomes of S. pol-
yrhiza clones 9509 and 7498 could also be resolved into 20 
chromosomes. Importantly, availability of the high depth 
GFM provided a sequence-independent validation and 
improvement of the genome assemblies. Comparison of the 
GFMs of the two clones also produced the first genome-
wide identification of intraspecific structural variations in a 
plant model. This work with a fast forward, high-through-
put physical mapping technology has paved the way for 
similar applications to other species of Lemnaceae as well 
as other plant models.

The first genome drafts of species from the genus Lemna 
were also presented in this conference. L. minor and L. 
gibba are normally used for toxicity testing apart from 
being used in physiological studies. Evan Ernst from the 
group of Rob Martienssen (Cold Spring Harbor Labora-
tory, USA) reported the genome sequencing of L. minor, 
clone 8627 and L. gibba, clone 7742a, and Arne van Hoeck 
(SCK CEN and University of Antwerp, Belgium) that of L. 
minor, clone 5500. Clone 5500 was used to test the stress 
responses caused by uranium radioactivity, β-radiation and 
α-radiation. The responses were compared by RNA-seq 
studies. Using the genome sequence data as a reference 
for these RNA-seq investigations, 17 genes were found to 
express differentially in the three stress conditions that were 
tested. Almudena Molla-Morales from the group of Rob 
Martienssen (Cold Spring Harbor) presented an update on 
their progress for a genome draft of L. gibba, clone 7742a, 
concerning identification of possible miRNA sequences. 
This clone is well known in basic plant physiology and tox-
icology as L. gibba G3. The genome size of these Lemna 
clones is approximately 400 Mbp/1C, more than two-fold 
larger than that of S. polyrhiza (ca. 160 Mbp/1C).

The group of Jay J Cheng (Peking University, Shenzhen, 
China), as presented by Jie Tang, reported on the genetic 
characterization of duckweed populations collected from 
two different lakes in China. They introduced a Multi-
locus Sequence Typing technique for molecular charac-
terization of these duckweed populations, which indicated 
sharp differentiation of genetic stability between them. 
Such studies would open up possibilities for investigating 
the reproductive and evolutionary behaviour of duckweed 
populations in their natural habitat. In the last 2 years since 
the 2nd International Conference on Duckweed Research 
and Applications (Lam et al. 2014), important progress 
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was made in the genetic transformation of different duck-
weed species. Hai Zhao (Chengdu Institute of Biology, 
China) used the Agrobacterium tumefaciens system to 
transform fronds of Landoltia punctata reporting a time 
of 3–4 months to obtain transformed plants. Stable genetic 
transformation methodology that is faster and with higher 
efficiency compared with earlier protocols was reported 
by Almudena Molla-Morales in L. minor, clone 8627, also 
using the A. tumefaciens system. The same group, making 
use of the genome analysis data of L. gibba, clone 7742a, 
analysed the effectiveness of using artificial microRNAs 
for targeted gene silencing. These tests were successful, 
opening a highly specific way to investigate the function 
of genes. These advancements in genetic transformation 
protocols should widen a bottleneck in duckweed research 
facilitating further molecular and genetic studies. Although 
in the coming few years rapid increase in our knowledge 
of duckweed genetic and genomic resources is foreseen, 
the currently available genome sequence information of 
the different duckweed species can already be a valuable 
resource to be made use of in furthering duckweed research 
in this area.

Duckweed interactions with microbes

It is now widely recognized that eukaryotes have intimate 
relationship with microbes in their environment that are 
necessary for their optimal performance in nature (Berg 
et al. 2014). However, less is known about how microbes in 
general affect aquatic plants and what the key determinants 
for this type of interaction are. Early research since 1989 
have revealed that aquatic plants such as duckweed may 
also synergistically interact with the microbiota to mediate 
degradation of environmental pollutants in water bodies, 
especially toxic aromatic compounds (Federle and Schwab 
1989; Toyama et al. 2006). In the past decade, there have 
been rapid advances in the characterization of the complex 
interplay between different duckweed species and bacte-
rial species that inhabit the same environment with these 
aquatic plants. An initial focus was to optimize this plant–
microbe interaction to facilitate bioremediation of polluted 
environment, but it became apparent that often this asso-
ciation also resulted in growth promotion of duckweed as 
well. Thus, the continued exploration of the mechanisms 
underlying productive interactions between various duck-
weed species and diverse microbes will have important 
implications for both basic research as well as commercial 
interests. It is therefore no surprise that more than a quar-
ter of this conference’s talks (~30 %) has been dedicated to 
this area of research that aims to characterize the beneficial 
relationships existing between duckweed plants and PGPB 
(Plant Growth Promoting Bacteria).

Kazuhiro Mori’s laboratory (University of Yamanashi, 
Japan) has been interested in characterizing microbes from 
polluted water bodies that may be able to degrade aromatic 
compounds, especially in a synergistic association with 
indigenous duckweeds such as S. polyrhiza (Kristani et al. 
2012). More recently, his lab has also begun to investigate 
the interaction between some of the isolated bacterial spe-
cies from their studies and the genus Wolffia. Five W. glo-
bosa strains were collected in ponds and agricultural wet 
fields in Japan and studied along with a W. arrhiza strain 
from the Landolt collection. Using these rootless duckweed 
strains, his lab’s results show that higher growth rate under 
a wide range of illumination, temperature, pH, and nutrient 
concentration can be obtained. PGPB isolated from Wolf-
fia sample collected in a pond showed 20–30 % growth 
promotion while no inhibitory effect on starch production 
by Wolffia was observed. The remarkable starch producing 
capability (estimated at 3–8 tonnes of starch ha−1 year−1) 
are comparable or better than those with grains, especially 
along with proper amendment with PGPB, and suggests 
that rootless duckweeds can be good candidates as well for 
effective biomass production from contaminated wastewa-
ter. Studies from Yan Li of the Mori laboratory also evalu-
ated the effects of diverse duckweed species and environ-
mental water origins in shaping the duckweed-related 
microbial community structure. By incubating asepti-
cally grown S. polyrhiza, L. minor and W. arrhiza strains 
on three different types of environmental water (two river 
water samples and one from a sewage treatment plant) for 
7 days, total bacteria attached on the plant surface were 
analyzed by pyrosequencing technique using the 16S rRNA 
variations for community genotyping. Her findings show 
that duckweed plants preferentially select different phyla of 
bacterial species from their environment for attachment to 
their surfaces, with Comamonadaceae and Rhodocyclaceae 
being the families commonly selected irrespective of the 
origin and composition of the environmental water sam-
ple. These results indicate that duckweed plants present a 
major factor in shaping the epiphytic microbial community 
structure. Tadashi Toyama (Mori’s lab, University of Yama-
nashi) described his work with a PGPB, a Sinorhizobium 
sp. called SP4, which has been shown to promote growth 
of S. polyrhiza. RNA-seq profiling of S. polyrhiza with 
and without co-cultivation with strain SP4 after 3 days, 
and their rates of biomass accumulation, and photosyn-
thetic activity were compared. His results showed that SP4-
inoculated S. polyrhiza were up to about 2 times higher in 
biomass than those of control S. polyrhiza, together with 
increased chlorophyll content. In addition genes encoding 
proteins related to photosynthesis were highly expressed in 
S. polyrhiza co-cultured with SP4, suggesting one possible 
mechanism of growth promotion via modulation of gene 
expression in duckweed by this bacterium.
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The laboratories of Masaaki Morikawa (Hokkaido 
University, Japan) and Michihiko Ike (Osaka University, 
Japan) have published several seminal papers on character-
izing microbes that can colonize duckweed to improve deg-
radation of aromatic compounds in polluted water sources, 
as well as to promote growth of duckweed. One particu-
larly well-studied bacterial isolate from L. aequinoctialis 
2018 (formerly referred to as L. aoukikusa), called P23, 
was found to colonize duckweed roots as a biofilm and can 
sustainably degrade phenol in the medium (Yamaga et al. 
2010). P23, a strain of Acinetobacter calcoaceticus, is the 
subject of 3 talks at this conference. Masashi Kuroda from 
Osaka University described growth promotion of a strain of 
L. minor by co-cultivation with P23 in water from a natu-
ral pond. His results suggest that the observed growth pro-
motion is strongly associated with the amount of P23 on 
the plant, and that it is important to maintain the amount 
of P23 on the plant for sustainable growth promotion of L. 
minor in environmental water. Interestingly, his work also 
showed that P23 need to cooperate with certain indigenous 
bacteria in the pond water in order to successfully promote 
the growth of L. minor. This suggests additional complex-
ity in the maintenance of growth promotion activity for this 
PGPB. In a collaborative study between the Morikawa and 
Ike laboratories, Maiko Sakaguchi presented the results 
from examining growth promotion by P23 on a different 
genus of duckweed, W. globosa. Her results showed that 
P23 can increase two fold the growth rate of a strain of W. 
globosa within a period of 2 weeks. Interestingly, it appears 
that the presence of P23 may promote plant growth through 
increasing the availability of metal by providing a chelating 
agent to enhance photosynthesis. Again, as in experiments 
presented by Kuroda for L. minor, P23 growth promotion 
of W. globosa was not observed with sterile pond water, 
suggesting that cooperation with indigenous microbes may 
be a crucial factor for its sustained interaction with the 
duckweed. To delineate the molecular pathway for plant 
growth promotion by P23, Rahul Jog, a postdoctoral fel-
low in the Morikawa laboratory, described their latest work 
on the molecular biology of this Acinetobacter strain. In 
the previous Duckweed Conference 2 years ago, Masaaki 
Morikawa reported the purification of an extracellular pol-
ysaccharide (EPS) from P23 that can induce growth pro-
motion of duckweed. Jog reported that now the genome 
sequence of P23 has been completed. Informatics analysis 
of the genome sequence revealed two distinct gene clusters 
that are apparently unqiue to P23 as compared to other Aci-
netobacter species’ sequences in the database. Transfer of 
one of these gene clusters to a non-plant growth-promoting 
Acinetobacter baylyi ADP1 using a broad-host range vector 
demonstrated that this novel cluster of genes is responsible 
for production of the EPS of interest. This exciting devel-
opment promises to open new understanding of how the 

epiphytic P23 interact with its host plant through the pro-
duction of novel polysaccharides.

In addition to increasing biomass production by duck-
weed, mutualistic bacteria associating with the surface of 
these aquatic plants may also play an important role in 
minimizing methane emission from aquatic sources, which 
can have a big impact on climate change since methane is 
a powerful greenhouse gas. Yasuyoshi Sakai from Kyoto 
University presented his work with methanotrophic bacte-
ria that his group has isolated from duckweeds collected 
at coastal area of Lake Biwa that neighbours Kyoto. In 
addition to showing growth promotion on duckweed bio-
mass production with methanol-utilizing Methylobacte-
ria strains, these bacteria also display high methane-con-
suming activities. Further characterization of the chemical 
signalling pathways between these methane-consuming 
C1-microbes and duckweeds could lead to improved envi-
ronmental impact by large-scale duckweed cultivation on 
wastewater sources, where methane emission may be sig-
nificant from indigenous microbial activities.

Basic duckweed biology

Duckweeds exhibit remarkable physiological responses 
corresponding to their growth environments that can be 
tapped by humans for use as safe food and energy alterna-
tives. Two such responses were discussed at the meeting, 
accumulation of high amounts of starch in the whole frond 
and fast vegetative growth rate of duckweed species. Inves-
tigating the first one of the two, Klaus-J Appenroth (Uni-
versity of Jena, Germany) screened the natural variance 
of starch accumulation in 16 clones of duckweeds includ-
ing all five genera and 13 different species of duckweeds, 
which were exposed to various intensities of salt (NaCl) 
stress. In his talk emphasis was placed on the observa-
tion that although other abiotic stresses including nutrient 
(phosphate and nitrate) limitation and exposure to heavy 
metals also led to starch accumulation in whole fronds, 
under salinity stress considerable amounts of starch was 
accumulated even at NaCl concentrations which did not 
significantly inhibit the growth of duckweeds (Sree et al. 
2015a). This observation points toward an easy and safe 
method of starch-rich biomass production using duckweed 
exposed to salinity stress.

The members of Lemnaceae are widely known for their 
fast growth rates. In the beginning of the year, the group of 
Klaus-J Appenroth came up with a detailed report on the 
growth rates of different clones of duckweeds (Ziegler et al. 
2015). Continuing further, in her talk, K. Sowjanya Sree 
(Amity University, India) reported about the huge variation 
of growth rates observed in 33 different clones of Wolffia 
comprising all 11 species categorized under this genus. A 
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note-worthy observation was that in the newly re-discov-
ered duckweed species, W. microscopica, the growth rate 
was highly dependent on the nutrient medium being used, 
with the highest being in N-medium. W. microscopica was 
reported as the fastest growing duckweed species investi-
gated till-date. Interestingly, the growth rates were positively 
correlated with the rates of photosynthesis and respiration 
as measured in W. globosa (Sree et al. 2015b). She also dis-
cussed the underlying anatomical basis for the fast growth 
rate in W. microscopica (Sree et al. 2015c). Considering 
the well-established nature of clone-specific physiological 
responses in duckweeds (Kuehdorf et al. 2014), such studies 
involving larger number of clones are required to have a bet-
ter understanding of these physiological responses.

Having looked at natural variance of the two physiologi-
cal responses in duckweeds, it would be interesting to focus 
on molecules that can promote growth of these aquatic 
angiosperms. Ayumu Kuramoto from the group of Masaaki 
Morikawa put forward one such molecule in his talk. 
They observed that supplementation of growth medium 
with yeast mannan significantly promoted the growth of 
L. minor in terms of the number of fronds, dry weight and 
chlorophyll content. Interestingly, there was no significant 
decrease in yeast mannan content in the culture medium 
even after a 10-day growth period. Further analysis on the 
mode of action of yeast mannan in promoting duckweed 
growth would be interesting to follow-up. Such duckweed 
growth promoting molecules would be of immense interest 
from the commercial point of view where high rate of bio-
mass production is a priority. Working on the mechanism 
of starch accumulation in duckweeds under stress condi-
tions, nutrient starvation, the group of Hai Zhao (Chengdu 
Institute of Biology, China) compared the transcriptome 
and proteome data of the control and the treated plants of 
L. punctata. In addition, he reported that exposure to uni-
conazole increased the starch accumulation capacity of L. 
punctata significantly (Huang et al. 2015). In-depth under-
standing of the mechanisms for these inducers of starch 
accumulation in different duckweed species may help to 
modulate starch accumulation capacity in duckweed for 
commercial applications.

Discussing the advantages of morphological and devel-
opmental features of duckweeds in general, Tokitaka 
Oyama (Kyoto University, Japan, and Chair of the Con-
ference) reported on the use of transient bioluminescence 
reporter system at a high spatio-temporal resolution to 
monitor circadian rhythms of individual cells in a frond and 
from whole fronds of L. gibba. The growth rate of L. gibba 
was observed to be under the control of a biological clock. 
Throughout a day, fast growing and slow growing periods 
could be detected. Apart from this, the established tech-
nique can also facilitate investigation on possible cell-to-
cell communication in terms of their internal clock.

Aside from basic mechanistic research, duckweed is also 
used for ecological studies. The competitive growth pat-
terns for an alien invasive L. minuta and a native L. minor 
species were reported by Simona Paolacci from the group 
of Marcel Jansen (University College of Cork, Ireland). The 
native L. minor was observed to thrive well in oligotrophic 
conditions with respect to phosphorous concentrations, 
unlike the invasive L. minuta species that performed well 
under high phosphorous conditions. It was also observed 
that L. minor grew at a faster pace than the alien species in 
the colder portion of the year. However, a strict dependence 
of the occurrence of species on the nutritional quality of the 
inhabiting waters was not observed in their natural habitat. 
The importance of such a study was discussed in relation 
to field deployment of a preferred clone or species of duck-
weed, which in some cases may not be a native species, for 
its practical application that might become invasive.

The physiological responses of duckweed species to dif-
ferent stress conditions have been considerably well char-
acterized especially with respect to abiotic stress. In order 
to understand the underlying regulatory mechanism(s), 
Joachim Messing’s laboratory (Rutgers University, USA) is 
investigating the differential post-transcriptional responses 
of S. polyrhiza to abiotic stress and phytohormone expo-
sure, as presented in the talk by Paul Fourounjian. Having 
identified the conserved miRNAs and their putative targets 
using psRNAtarget, they are in the process of using degra-
dome sequencing to validate the targets of the identified 
miRNAs and in turn miRNA function. A database of miR-
NAs and their targets in S. polyrhiza, as they suggest, may 
be useful for future studies in this direction.

Advances and updates in duckweed applications

Duckweed has been long known for its ability to phytore-
mediate a wide variety of wastewater settings. Looking 
closer at this ability in terms of both heavy metal uptake 
and in a direct efficiency comparison between duckweed 
and water hyacinth, Yang Fang (Chengdu Institute of Biol-
ogy, China) reported her results from screening 350 duck-
weed strains to identify the optimal ones that are able to 
absorb high levels of Cd2+ and with a growth rate of more 
than 3.0 g m−2 d−1. Also, a comparative study of duck-
weed versus water hyacinth initiated in two pilot-scale 
wastewater treatment systems for over a year showed that 
duckweed had the same total nitrogen (TN) recovery rate 
as water hyacinth and a slightly lower total phosphate (TP) 
recovery rate, even though its biomass production was 
half that of water hyacinth. Microbial community studies 
indicated that water hyacinth hosted more nitrifying bac-
teria and less nitrogen-fixing bacteria in its rhizosphere, 
providing it with higher nitrogen removal efficiency, 
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however, lower nitrogen recovery efficiency. Since duck-
weed has more application advantages than water hyacinth 
and because it more effectively converts wastewater nutri-
ents to high-quality biomass, an additional study was car-
ried out to determine if it was possible to make up for the 
shortage of duckweed root systems and enhance its per-
formance via association with microorganisms. Biofilm 
carriers inserted in the duckweed system were found not 
to significantly affect duckweed growth, contents of pro-
tein, phosphorus, carbon, recovery rates of TN, TP, and 
CO2 or the removal efficiency of TP. However, it signifi-
cantly improved TN and NH4+ removal efficiency with the 
TN removal efficiency close to that of the water hyacinth 
system. Additionally, 454 pyrosequencing revealed a great 
difference in the microbial communities between the dif-
ferent parts (surface water, bottom water, bottom sediment, 
carrier biofilm and on duckweed tissues) in each system 
and a significant similarity between the same parts of the 
two systems.

Estrogen discharged into rivers and seawater causes 
feminization of aquatic life, resulting in the disruption of 
the ecological balance. Recent studies show that micro-
organisms in activated sludge of wastewater treatment 
plants have the ability to degrade estrogen compounds at 
least in part. Ami Kawahata (Hokkaido University, Japan) 
reported that Rhodococcus zopfii Y50158, isolated from 
activated sludge, was able to degrade 100 mg L−1 of estro-
gen (E2:estradiol) in 24 h. Strain Y50158 was then adhered 
to sterile L. minor and their estrogen degrading ability 
and sustainability were examined and found to success-
fully degrade estrogens, although this system showed lim-
ited sustainability. Next steps are to co-adhere PGPB and 
R. zopfii strain Y50158 to L. minor in order to maintain 
healthy growth of the duckweed.

Globally, commercial interest in duckweed for supple-
menting animal feedstock is on the rise, in part driven by 
fishmeal price and availability issues, GMO controversy, 
and general growing interest in more sustainable feed pro-
duction overall. Recent duckweed for animal feedstock 
inclusion studies utilized duckweed as fresh or dried meal 
or in the form of concentrated Lemna protein for poultry, 
swine, cattle, and aquatic species; shrimp, tilapia, cat-
fish and trout. Soma Ariyaratne of the National Aquatic 
Resources Research and Development Agency, Sri Lanka 
observed that duckweed, while rich with protein, could 
be produced at low cost and with little effort. Her report 
offered a duckweed powder application for rearing Tilapia 
fry. Fresh duckweed sourced from a pond at the National 
Zoological Garden (Colombo, Sri Lanka) was solar- 
and oven-dried, ground to a powder, and incorporated 
in a standard basal feed (25 % protein) for Genetically 
Improved Farm Tilapia (GIFT) fry, replacing 10 and 20 % 
of fishmeal as the protein provider. After a growth period 

of 70 days, the Mean Specific Growth Rate, Mean Abso-
lute Growth Rate, Mean Relative Growth Rate, and Food 
Conversion Ratio were not significantly different from the 
control. Further work would determine the maximum per-
cent of the basal feed that could be replaced by duckweed.

Duckweed as a potential biofuel feedstock was the 
focus in a presentation by Yubin Ma (Qingdao Institute of 
Bioenergy and Bioprocess Technology, China). Research 
included the collection of duckweed species, strain selec-
tion, influential factors for starch accumulation, transcrip-
tomics investigation, and description of a duckweed cul-
tivation system using wastewater from cattle. From 311 
duckweed strains that were collected from various locales 
in China and screened, results presented show L. aequinoc-
tialis 6000 as having the highest starch accumulation in SH 
medium. Different culture media and salt concentrations, 
as well as starch content variation in a 24-h period were 
examined. L. aequinoctialis 6000 was cultivated at dif-
ferent photoperiods and light intensities (Yin et al. 2015). 
Additionally, comparative analysis of duckweed cultivation 
was done with sewage water and SH medium for produc-
tion of fuel ethanol (Yu et al. 2014). As nitrogen-starvation 
can induce starch accumulation in duckweed, a transcrip-
tome of L. aequinoctialis 6000 was analyzed after being 
cultivated in a nitrogen-starvation setting for up to 7 days. 
To promote duckweed commercialization, a 1500 m2 mul-
tilayer cultivation system was established using wastewa-
ter from cattle production. The duckweed was cultivated 
in a solar supported greenhouse for year-round production 
and an automatic duckweed starch isolation system was 
developed.

The final presentation of the conference focused on the 
commercialization aspects of duckweed. Tamra Fakhoo-
rian, (Exec. Director International Lemna Association, 
USA) outlined the early-stage industrial development of 
duckweed to present day, identifying twelve start-up com-
panies from seven countries. She addressed production 
and processing challenges such as consistent high protein 
biomass and energy required for drying duckweed. Spe-
cific opportunities were offered for researcher engagement. 
Lastly, she outlined conceptual business models based on 
real-world trends in climate and water challenges, human 
population growth, fishmeal depletion, and GMO attitude 
shifts.

Future perspectives

Many special characteristics of duckweed were discussed 
by Kiyotaka Okada, a pioneer of Arabidopsis genetics 
research in Japan, during his opening Plenary Lecture of 
this international conference. These included its aquatic 
habitat, the simple and small architecture of these plants 
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and its preference for asexual propagation. However, to 
enable the adoption of duckweed as a new model plant sys-
tem, continual development of wild accessions from dif-
ferent locales in the world and the maintenance of mutant 
collections and a common database would be important 
areas for the community to focus their collective energy on. 
This suggestion is echoed by comments of Eric Lam at the 
closing session of the conference that it would be an urgent 
matter for the field to produce community standards in the 
near future, such as those for strain designation and gene 
naming styles so as to facilitate the creation of user-friendly 
resources and their use by others in the field to further build 
on the data generated. Fortunately, with the International 
Steering Committee for Duckweed Research and Appli-
cations (ISCDRA) that was established 2 years ago at the 
2nd International Duckweed Conference, the community 
does have an active forum to discuss these pressing issues 
and make efforts to unify the field of duckweed work-
ers through its regularly published newsletter (now called 
“Duckweed Forum”). Lastly, it is heartening to see that sev-
eral success stories with duckweed research are beginning 
to produce cutting edge results that may demonstrate its 
promise as an up-and-coming model for Plant Biology: (1) 
The demonstration of a fast track approach for producing a 
high fidelity genome sequence map with chromosome-level 
resolution by using a high-throughput physical mapping 
technique. This is the first time that this technology has 
been deployed for de novo genome map production for a 
higher eukaryote that achieved chromosome-level of refine-
ment. (2) The discovery of a novel gene cluster in the Aci-
netobacter sp. P23 that has been shown to be responsible 
for the production of a plant growth-promoting exopolysac-
charide may reveal novel biochemistry for plant–microbe 
interactions. Like rice, the C3 monocot duckweed (Fig. 1), 
may soon rise in its popularity as a valuable plant model 
system for the study of basic plant mechanisms.
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