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RESUMO 

Lemna minor, popularmente conhecida como lentilha-d'água, é uma espécie de macrófita aquática encontrada 

em corpos d'água doce ou de baixa salinidade, protegidos de fortes ventos e correntes, geralmente formando 

populações densas que flutuam na superfície dos corpos d'água. A presente revisão discute o conhecimento 

disponível sobre o uso da lentilha-d'água (L. minor) nas diversas áreas do conhecimento científico, destacando 

seus principais avanços e aplicações, bem como identificando lacunas e campos ainda pouco explorados 

relacionados à espécie. Entre 1972 e 2024, 341 publicações obtidas nas bases de dados Web of Science e Scopus 

foram exportadas e analisadas por meio da ferramenta Bibliometrix para a definição e a análise crítica dos 

principais autores, periódicos e países. Os artigos envolvendo L. minor são publicados em sete áreas do 

conhecimento: toxicidade, biorremediação, fatores de crescimento, genética, produção de energia, agricultura 

e suplementação animal. Foram registrados os três artigos mais citados em cada área. Os dados revistos 

sugerem que a tecnologia para o cultivo de plantas aquáticas é simples e barata. A lentilha-d'água pode 

absorver, decompor e reabsorver nutrientes, atuando como “capacitores de fertilizante”. L. minor tem 

potencial para ser utilizada como fonte de energia e representa uma alternativa sustentável para remoção de 

metais pesados do solo e do ar. Estudos sobre a aplicação de L. minor ainda apresentam áreas pouco exploradas, 

como alimentação para humanos e animais, pois o potencial proteico da espécie é um fator de interesse. 

Palavras-chave: lentilha-d'água, fonte de proteína, produção de biomassa. 
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ABSTRACT 

Lemna minor, commonly known as duckweed, is a species of aquatic macrophyte found in freshwater or low-

salinity water bodies, typically protected from strong winds and currents, and generally forming dense 

populations that float on the water's surface. This review examines the existing knowledge on the use of 

duckweed across various scientific fields, highlighting its key advances and applications, while also identifying 

gaps and research areas that remain underexplored in relation to the species. Between 1972 and 2024, 341 

publications obtained from Web of Science and Scopus databases were exported and analyzed using the tool 

Bibliometrix for definition and critical analysis of main authors, journals and countries. Articles involving L. minor 

are published in seven fields of knowledge: toxicity, bioremediation, growth factors, genetics, energy 

production, agriculture and animal supplementation. The three most cited articles in each area were recorded. 

Reviewed data suggest that the technology for growing aquatic plants is simple and cheap. Duckweed can 

absorb, decompose and reabsorb nutrients, acting as "fertilizer capacitors". L. minor has the potential to be 

used as a source of energy, and represents a sustainable alternative for removing heavy metals from soil and 

air. Studies on the application of L. minor still present little-explored areas, such as food for humans and animals, 

as the protein potential of the species is a factor of interest.  

Keywords: duckweed, protein source, biomass production. 

 

INTRODUCTION 

Duckweeds are small, floating macrophytes 

distributed in various aquatic ecosystems around 

the world, primarily on the surface of slow-flowing 

waters (LANDOLT, 1986; ACOSTA et al., 2021). These 

monocots have undergone different taxonomic 

updates (APG IV, 2016) and are difficult to classify 

due to the morphological similarity and low genetic 

diversity between species, however, they are 

catalogued within the Araceae family, more precisely 

in the Lemnoideae subfamily (APG IV, 2016). The 

Lemnoideae have 38 species from 5 different genera 

(Wolffia, Wolffiella, Spirodela, Lemna, Landoltia) 

(CUSIMANO et al. 2011; APG IV, 2016). And, despite 

their small size, water lentils (figure 1) exhibit a high 

growth rate under favorable conditions, primarily 

due to their predominantly asexual mode of 

reproduction (LANDOLT, 1986; IQBAL, 1999; IQBAL 

et al., 2019). This group of angiosperms has one of 

the highest propagation rates among plants, 

allowing duckweeds to double their weight in a few 

days, which implies a significant production of 

biomass in a short time (IQBAL, 1999; LANDOLT, 1987).  

Furthermore, duckweed exhibits high 

tolerance to adverse environmental conditions, such 

as wastewater and brackish water (LENG et al., 

1995), and contributes to the bioremediation of 

these systems (SKILLICORN et al., 1993).  
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Furthermore, they are also strong indicators 

of phytotoxicity, and their biomass is highly 

versatile, comprising a high percentage of proteins 

and producing large amounts of starch under stress 

conditions, which contributes to their use in 

numerous applications. In underdeveloped 

countries, duckweeds have significant aquaculture 

applications (LES et al., 2002), due to increased river 

eutrophication. They are highly productive and 

contain large amounts of amino acids, so they feed 

poultry, pigs and cows (HUQUE et al., 1996). 

 

 

Figure 1. Numerous fronds of Lemna minor. Scale bar 

= 2 mm. (Photo by Frank Ensinger (ENSINGER, 2025). AI-

generated scale bar (OPENAI, 2025)). 

Figura 1. Numerosas frondes de Lemna minor. Escala bar = 2 

mm. (Foto de Frank Ensinger (ENSINGER, 2025). Barra de 

escala gerada por AI (OPENAI, 2025)). 

 

The concept of the circular economy is a 

currently relevant topic with potential expansion. 

Considering the various applications of L. minor, this 

macrophyte has significant potential for applicability 

in the bioeconomy, particularly in multitrophic 

integrated aquaculture systems, where aquatic 

plants are introduced to mitigate the environmental 

impact of waste generated in aquaponics 

(KNOWLER et al., 2020).  

Following the same theoretical line, these 

macrophytes can also be introduced into 

constructed Wetlands, which are low-cost effluent 

treatment systems designed to use plants to remove 

nutrients and are often associated with the site's 

landscaping (ABRAHAM, 2015). Furthermore, its 

biomass can be implemented as feed or used to 

produce other bioproducts. 

 

OBJECTIVES 

Because of the above, the objective of this 

work was to map, through a scientometric review, 

the scientific production of the use of duckweed in 

the most varied areas of knowledge, as well as 

identify the active researchers and the main journals 

in which it is distributed its scientific production. 
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MATERIAL AND METHODS 

The literature search was conducted in two 

databases, Web of Science (WoS) and Scopus, 

during March 1972 and March 2024, as shown in 

figure 2. The data were filtered using the term 

“Lemna minor and application” in the topic item, 

which includes the title, summary, keywords, and 

keywords plus. No year filter was used to ensure that 

all studies presented in the database were included. 

 

Figure 2. Generic flowchart of the methodology 

applied in this research. 

Figura 2. Fluxograma genérico da metodologia aplicada 

nesta pesquisa. 

 

Study selection was done based on specific 

inclusion criteria. The inclusion criteria include 1) 

primary research studies published in scientific 

journals in the English and Portuguese languages; 2) 

the cultivar types should be only Lemna minor. Two 

researchers formulated a comprehensive search 

strategy to conduct the literature search. Duplicates 

were independently removed using R software 

(version 4.2.1), and abstracts and full texts were 

reviewed to exclude ineligible studies. Finally, the 

identified studies were retrieved and aggregated for 

review. 

The data presented in this study were 

extracted directly from the Web of Science and 

Scopus databases, and after converting and 

uploading bibliographic data in R software (R 

version 4.2.1). Two researchers independently 

extracted data from the selected articles. Differing 

opinions were resolved through discussion. 

Descriptive analysis and further research structure 

analysis were performed in Bibliometrix and its Shiny 

platform. 

 

RESULTS AND DISCUSSION 

Study of publications and citations: year and field of 

publication, organizations and cooperation among 

countries  

Based on the keywords used, “Lemna minor 

and application”, 401 scientific articles were found 

between 1972 and 2024. Of this total, 60 articles 

were removed because they did not meet the 

inclusion criteria, leaving 341 articles for analysis. 
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These were published in 191 journals with a total of 

1285 authors. The first article, published in 1972 by 

Frick, Mohr (1972), evaluated the growth responses 

of green and etiolated L. minor when cultivated in 

the dark. Interest in L. minor has grown over the last 

five years, and the total number of articles published 

during this period accounts for 45% of all articles. 

Figure 3 illustrates the growth trend in the number 

of articles published during the analyzed period, 

alongside a significant decrease in the number of 

citations each year. 

Articles involving L. minor are published in 7 

fields of knowledge, with the highest number of 

publications having at least 16 records in the 

database. The field of toxicity accounts for 83 

publication records, making it the largest field of 

study for L. minor. It is clearly seen that the fields of 

toxicity, bioremediation, and growth factors have 

led the research on this plant in terms of the number 

of articles published. The fields of large-scale 

cultivation and animal supplementation have 19 and 

16 records, making them the seventh and eighth 

fields of study with regard to the number of articles 

published. 

 

 

Figure 3 - Publication trends per year related to 

Lemna minor (Research done in the Web of Science© 

(WOS) and Scopus database during March 1972 and 

March 2024 using the term Lemna minor and 

applications in all topics). 

Figura 3 - Tendências de publicação por ano relacionadas 

com Lemna minor (Pesquisa realizada no banco de dados 

Web of Science© (WOS) e Scopus durante março de 1972 e 

março de 2024 usando o termo Lemna minor e aplicações 

em todos os tópicos) 

 

Among the organizations that represent the 

authors and co-authors of the papers, 523 

institutions have published research related to L. 

minor, of which 12 are based in Brazil. University of 

São Paulo (table 1) stands out with 10 records. Two 

Brazilian institutions have published at least three 

articles each involving Lemna minor, whereas 

another nine institutions have published at least one 

paper. China and the United States are the countries 

that publish the most on the topic. This can be 

explained because China and the USA are the 

countries with the highest percentage of 

greenhouse gas emissions, reaching 6.2 billion tons 

of CO2 (EPA, 2025a). Pollution causes problems for 

both environmental and public health; therefore, 

researchers are seeking alternatives that are 

environmentally suitable for water and soil 

treatment. 

Furthermore, in China, duckweed (L. minor 

L.) is a common plant in rice fields, absorbing 

nutrients, heavy metals and agrochemical residues 
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from irrigation water, thus playing a fundamental 

role in the sustainability of the ecosystem. 

International cooperation between institutions 

exists, involving universities such as the University of 

Zagreb, the Chinese Academy of Sciences, Rutgers 

University, the University of São Paulo, the 

University of Toulouse, and Osaka University. 

 

Table 1 - Publication areas, organizations, and 

countries that have published the most 

Ranking Name Number Percentage 
(%) 

Publication area 

1 Toxicity 83 24.34 

2 Bioremediation 65 19.06 

3 Growth factors 63 18.47 

4 Genetics 35 10.26 

5 Production of 
energy 

45 13.20 

6 Agriculture 34 9.97 

7 Animal 
Supplementatio
n 

16 4.70 

Organizations 

1 University 
College Cork 

18 5.28 

2 Ghent 
University 

18 5.28 

3 North Carolina 
State University 

17 4.98 

4 University of 
Aveiro 

16 4.69 

5 Osaka 
University 

15 4.40 

6 Chengdu 
Institute of 
Biology 

10 2.93 

7 Ege University 10 2.93 

8 Rutgers 
University 

10 2.93 

9 University of 
São Paulo 

10 2.93 

Countries 

1 China 146 42.81 

2 United States 131 38.42 

3 India 58 17.00 

4 Germany 52 15.25 

5 Japan 47 13.78 

6 Brazil 39 11.44 

7 Belgium 36 10.56 

8 Poland 36 10.56 

9 Czech Republic 35 10.26 

* (%): percentage of 341 publications. 

 

Articles, periodicals and author keywords 

analysis 

Generally, a quotation analysis is used to 

identify the most frequently cited journals and 
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articles (table 2). The results reveal that 

Bioresource Technology, Aquatic Toxicology 

and Aquatic Botany are the most cited journals, 

which are 963, 516 and 417 times, respectively. It 

is also observed that the 14 most quoted 

journals represent 4177 (53%) of the 7916 total 

citations and that more than 89% of these 

studies have an impact factor higher than 4 

(table 2). 

 

Table 2 - Ranking of the most cited journals and 

documents 

Journal ND NC Impact 

Factor* 

Bioresource Technology 17 963 11.4 

Aquatic Toxicology 12 516 4.5 

Aquatic Botany 9 417 1.8 

Environmental Science 

and Pollution Research 

15 233 5.8 

Chemosphere 11 222 8.8 

Ecotoxicology and 

Environmental Safety 

9 222 6.8 

 

Environmental Toxicology 

and Chemistry 

8 398 4.1 

Science of the Total 7 179 9.8 

Environment 

Biotechnology for Biofuels 5 286 6.3 

Water Research 5 160 12.8 

Ecological Engineering 4 147 3.8 

Journal of Hazardous 

Materials 

4 181 13.6 

Biomass & Bioenergy 3 135 6.0 

Environmental Pollution 5 118 8.9 

Author NC Journal 

Cox et al. (2006) 323 Nature 

Biotechnology 

Pomati et al. (2004) 192 Aquatic 

Toxicology 

Cedergreen et al. (2009) 169 Environmental 

Toxicology 

and Chemistry 

Nardi et al. (2004) 149 European 

Journal of 

Agronomy 

Alvarado et al. (2008) 144 Bioresource 

Technology 

Xu et al. (2011) 136 Biosystems 

Engineering 
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Zuverna-Mena et al. (2015) 115 Environmental 

Science: 

Process & 

Impacts 

Ge et al. (2012) 103 Bioresource 

Technology 

ND: number of documents; NC: number of citations 

* Impact factor in the year 2022 

 

Main studies and application area of Lemna 

minor 

Among the 341 publications, the three 

most relevant articles within each area of 

knowledge were selected based on the number 

of citations (table 3). 

 

Phytoremediation 

Environmental pollution by heavy metals 

has become a global concern in recent decades, 

with high concentrations exceeding tolerable 

levels in both water and soil. Various techniques 

can be used for soil and water decontamination, 

including phytoremediation, which uses plants 

to degrade, extract, contain or immobilize soil 

and water contaminants. The low investment 

and operating costs, in situ application, and 

minimal degradation and destabilization of the 

area to be decontaminated are advantages of 

this technique. Although the limitations of this 

technique involve factors such as climate, soil, 

concentration and depth of the contaminant, 

season and time spent in the decontamination 

process, it has been tested for removing 

inorganic compounds such as nitrates and 

cyanides, organic compounds such as 

hydrocarbons derived from petroleum and 

heavy metals. 

Arsenic (As) is one of the most toxic 

elements that can be found in water at a 

maximum concentration of 0.05 mg/L (EPA, 

2025b). Several methodologies have been 

tested for arsenic removal to find those that are 

low-cost and easy to implement. Alvarado et al. 

(2008) showed that there was no significant 

difference in the bioaccumulation capacity of As 

by L. minor and Eichhornia crassipes when they 

were maintained in a solution with a 

concentration of 0.15 mg As/L for 21 days, 

indicating that both species represent a reliable 

alternative for bioremediation of arsenic in 

water. 

In another study, Alp et al. (2023) evaluated 

the protective effects of Scandium (Sc), at 

concentrations of 50 μM and 200 μM, on the 

growth and changes in the metabolism of Lemna 

minor when exposed to different concentrations 

of chromium (Cr) - 100 μM, 200 μM and 500 μM. 
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Table 3 - Most relevant studies on the application of Lemna minor within each area of knowledge 

Area Title Citation 

number 

Reference 

Toxicity    

 Effects of erythromycin tetracycline and ibuprofen on the 

growth of Synechocystis sp and Lemna minor 

192 POMATI et al. 

(2004) 

 Anatoxina elicits an increase in peroxidase and 

glutathione stransferase activity in aquatic plants 

77 MITROVIC et 

al. (2004) 

 Possible ecological risk of two pharmaceuticals 

diclofenac and paracetamol demonstrated on a model 

plant Lemna minor 

76 KUMMEROVÁ 

et al. (2016) 

Bioremediation    

 Arsenic removal from waters by bioremediation with the 

aquatic plants water hyacinth eichhornia crassipes and 

lesser duckweed Lemna minor 

144 ALVARADO et 

al. (2008) 

 Biomass production and npk retention in macrophytes 

from wetlands of the tingitan peninsula 

79 ENNABILI et 

al. (1998) 

 Nutrient removal from swine lagoon liquid by Lemna 

minor  

72 CHENG et al. 

(2002) 

Growth factors    

 In vitro selection of duckweed geographical isolates for 

potential use in swine lagoon effluent renovation 

84 BERGMANN 

et al. (2000) 

 The first draft genome of the aquatic model plant Lemna 

minor opens the route for future stress physiology 

74 VAN HOECK et 

al. (2015) 
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research and biotechnological applications 

 New method for determining effluent toxicity using 

duckweed Lemna minor 

70 TARALDSEN, 

NORBERG-

KING, (1990) 

Genetics    

 Glycan optimization of a human monoclonal antibody in 

the aquatic plant Lemna minor 

323 COX et al. 

(2006) 

 Molecular farming of pharmaceutical proteins using plant 

suspension cell and tissue cultures 

82 SCHILLBERG 

et al. (2013) 

 Genetic transformation of duckweed Lemna gibba and 

Lemna minor 

54 YAMAMOTO 

et al. (2001) 

Production of energy   

 Growing Lemna minor in agricultural wastewater and 

converting the duckweed biomass to ethanol 

103 GE et al. (2012) 

 Pyrolysis of fastgrowing aquatic biomass Lemna minor 

duckweed characterization of pyrolysis products 

96 MURADOV et 

al. (2010) 

 Production and characterization of Lemna minor biochar 

and its catalytic application for biogas reforming 

88 MURADOV et 

al. (2012) 

Agriculture    

 Evaluation of heat shock protein 70 as a biomarker of 

environmental stress in fucus serratus and Lemna minor 

79 IRELAND et al. 

(2004) 
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 Response of antioxidant defences to zn stress in three 

duckweed species 

59 URUÇ 

PARLAK, 

YILMAZ (2012) 

 Genetic transformation of Indian isolate of Lemna minor 

mediated by agrobacterium tumefaciens and recovery of 

transgenic plants 

34 CHHABRA et 

al. (2011) 

Animal Supplementation   

 Duckweed as an aquatic crop evaluation of clones for 

aquaculture 

63 PORATH et al. 

(1979) 

 Mass production of Lemna minor and its amino acid and 

fatty acid profiles 

38 CHAKRABART

I et al. (2018) 

 The application of multielemental analysis in the 

elaboration of technology of mineral feed additives 

based on Lemna minor biomass 

33 CHOJNACKA 

(2006) 

 

The authors concluded that the higher Sc 

concentration improved the photosynthetic 

efficiency and chlorophyll fluorescence of 

Lemna minor at concentrations of up to 200 μM 

chromium, mitigating the damage caused by Cr 

toxicity. 

 

Toxicity 

While contamination by heavy metals is a 

concern, on the other hand, contamination of 

aquatic ecosystems with active pharmaceutical 

substances via sewage discharge, inadequate 

disposal or industrial waste has also been 

recognized as an emerging environmental 

problem. These emerging substances can affect 

the aquatic ecosystem and potentially disrupt 

important natural ecosystem processes, such as 

the decomposition of organic matter 

(BUNDSCHUH, SCHULZ, 2011) 

One of the alternatives used in the 

evaluation and control of effluents, aiming at 

regulatory aspects or national legislation, is 

ecotoxicological tests, which are often 

conducted using L. minor as a bioindicator of 
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toxicity (BUNDSCHUH, 2014). Ecotoxicological 

tests using aquatic plants have been used to 

evaluate the toxicity of organic and inorganic 

contaminants, such as sediments, solid waste 

and complex matrices, such as domestic and 

industrial wastewater (APPENROTH et al., 2013). 

 A study carried out by Pomati et al. 

(2004) tested the effect of the antibiotics 

erythromycin, tetracycline and ibuprofen on the 

growth of Lemna minor. The authors showed 

that erythromycin and tetracycline were more 

effective in promoting the synthesis of the 

stress hormone abscisic acid compared to 

ibuprofen. In another study, Kummerová et al. 

(2016) reported that indicators of phytotoxicity 

stress in duckweed were changes in biochemical 

processes, linked to the activation of defense 

mechanisms against oxidative stress when 

exposed to the drugs diclofenac and 

paracetamol. Landolt et al. (1987) 

demonstrated that aquatic macrophytes 

changed in terms of growth and reproduction 

when exposed to herbicides. 

 

Growth factors 

Currently, the study of macrophyte 

growth has been considered very important, 

since these plants play a fundamental role in 

aquatic ecosystems, whether as producers of 

oxygen gas or as habitats for various organisms. 

Another reason for studying macrophytes is 

their potential for use in wastewater treatment 

(OZENGIN; ELMACI, 2007) and, in this way, the 

importance of work that models the growth of 

this type of plant stands out. 

Another aspect highlighted by Palafox et 

al. (2005) is the high adsorption capacity of L. 

minor, which, as it is a floating macrophyte, 

adsorbs considerable amounts of nutrients 

and/or heavy metals present in water and this 

causes its nutritional values to reach levels that 

allow its use in animal feed. domestic animals 

such as ducks (ARROYAVE, 2004).  

Khellaf, Zerdaoui (2009), in their study 

on the growth response of L. minor under 

conditions of high concentration of heavy 

metals, describe its adsorptive capacity as 

hyperaccumulator potential, which is also seen 

in the study by Jain et al. (1988), specialized in 

the accumulation of nickel-Ni, copper-Cu and 

manganese-Mn. 

Several authors have demonstrated the 

influence of environmental factors on the 

growth of Lemna spp., particularly temperature, 

illuminance and pH for optimal growth of the 

macrophyte L. minor (HILLMAN; CULLEY, 1978; 

ZIEGLER et al., 2015). The ideal temperature for 

the growth of L. minor is in the range of 22-26ºC, 
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the pH in the range 5-9, and the light intensity 

range between 6500-10000 Lux (CHENG; 

STOMP, 2009; OECD, 2006). 

 

Genetics 

Due to the advancement of 

biotechnology, the use of plants in medicine is 

on the rise. In the case of plants, the production 

of recombinant proteins in genetically modified 

plant systems, where the introduced gene 

encodes the desired product, is known as 

Molecular Farming (OAKES et al., 1991).  

Heterologous expression of proteins in 

plants offers several advantages. One of the 

main advantages is its safety concerning other 

expression systems, as there is no danger of 

contamination with human or animal 

pathogens, oncogenic DNA sequences or 

endotoxins that could put human health at risk. 

(DANIELL et al., 2001; DIRISALA et al., 2017; 

MOUSTAFA et al., 2015; SCHILLBERG et al., 2002; 

WILSON ; ROBERTS, 2012; XU et al., 2012). 

There are also economic advantages: it is 

cheaper to produce recombinant proteins in 

plants compared to animal cell systems (HORN 

et al., 2004; TWYMAN et al., 2003). L. minor has 

been used for the production of recombinant 

proteins. In this sense, Cox et al. (2006) 

expressed human monoclonal antibodies 

(mAbs) in the aquatic plant Lemna minor aiming 

to evaluate glycosylation against human CD30. 

The resulting mAbs contained a single major N-

glycan, without specific N-glycans, and 

exhibited better antibody-dependent cell-

mediated cytotoxicity and improved cellular 

receptor binding activities compared to mAbs 

expressed in cultured Chinese hamster ovary 

(CHO) cells. 

 

Production of energy 

However, the application potential of 

duckweed lies in its ability to remove heavy 

metals and contaminants in bioremediation 

processes. The production of ethanol and 

biomethane from duckweed is a well-

documented factor in the literature. This is due 

to the high cellulose content of these 

macrophytes and thanks to the plant's rapid 

starch accumulation capacity, triggered by 

nutrient starvation. Furthermore, its biomass 

has few traces of hemicellulose and 

undetectable lignin, indicating that, even 

without thermal pretreatment, it is possible to 

enzymatically obtain up to 96% of the glucose 

from a duckweed inoculum, enabling high-

efficiency ethanol production. Ge et al. (2012) 

cultivated genera of Lemna, Spirodela, Wolffia 

and Wolffiella in diluted swine lagoon effluent, 
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and then used them as raw material for the 

production of bioethanol, obtaining a 

conversion of 0.085 g/g of biomass. 

 In this sense, concerning the production 

of biomethane from duckweed, Calicioglu, 

Brennan (2018) compared two different 

processes. In the first study, the authors carried 

out direct anaerobic digestion of the dry 

biomass of duckweed, while in the comparative 

study, the authors carried out prior 

fermentation of the biomass, for subsequent 

anaerobic digestion. In this way, it was possible 

to conclude that, with the prior fermentation of 

the biomass, the biomethane yield was higher 

(51.2%) compared to the digestion of raw 

biomass, resulting in an increase in energy gain 

of 70.4%. 

What makes this subfamily of 

macrophytes even more attractive beyond 

bioenergy production is its high potential to 

transform polluting wastewater into a biofuel 

production system, as duckweed preferentially 

removes nitrogen in the form of ammonia 

(MONSELISE, KOST, 1993). The subsequent 

application of biomass from remediation to the 

production of fuels and petrochemicals offers 

an environmentally friendly and cost-effective 

solution to water pollution problems and the 

production of value-added products 

(MURADOV et al., 2014). 

 

Agriculture 

Ofoedu et al. (2025) highlight the 

potential of growing lentils in floating 

hydroponics systems for the production of 

biomass for food, animal feed, biofuels and 

other industrial uses. To implement this 

technique, Cui, Cheng (2014) recommend 

careful plant selection and washing with clean 

water before planting. Furthermore, Ullah et al. 

(2023) emphasize the importance of 

maintaining water pH within the ideal range for 

plant cultivation. According to these authors, to 

ensure an ideal pH for duckweed cultivation, 

values should range between 6.5 and 7.5. It is 

recommended that the water be adjusted 

accordingly. Nutrition and maintenance of the 

system are crucial to the success of duckweed 

cultivation. The aforementioned authors 

suggest that the ideal pH probably varies 

depending on the species of lentil grown, as well 

as other environmental conditions. 

Chen et al. (2022) recommend the 

appropriate use of suitable fertilizers and 

constant monitoring of water quality, including 

pH, conductivity and temperature, and 

adjusting as necessary. Removing debris and 
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residue from plants and the system is necessary 

to ensure that plants receive clean, debris-free 

water, as suggested by Paolacci et al. (2021). 

Finally, it is essential to monitor water quality 

regularly and take immediate corrective 

measures in the event of imbalances, as 

highlighted by Cui and Cheng (2014). It’s 

essential to remember that duckweed 

cultivation is highly sensitive to changes in 

water quality; therefore, it is crucial to monitor 

water quality regularly and take corrective 

measures promptly in the event of imbalances. 

 

Animal Supplementation 

Considered an important source of 

carbohydrates, proteins, and dietary fiber, 

duckweed plays an important role in controlling 

and preventing metabolic diseases. Graeff et al. 

(2007) obtained 45% proteins, 5.34% lipids, and 

6.3% soluble carbohydrates, totaling a fraction 

of 86.5% organic material contained in the 

biomass when evaluating the proximate 

composition of Lemna minor. Among the 

applications of biomass from this species, the 

same authors argue that Lemna flour can 

replace soy flour in the formulation of feed for 

breeding Cyprinus carpio, however, the 

maximum percentage to be used is 6%. In animal 

feed, two key components that must be 

considered are the protein composition and the 

fibrous fraction. 

 

CONCLUSION 

Duckweed has been used to mitigate 

environmental pollution and valorize 

wastewater by removing excess nitrogen and 

phosphate. It is a species that represents a 

potential alternative for removing heavy metals, 

and it is an effective and viable process in 

decontaminating terrestrial and aquatic 

environments.  

On the other hand, duckweed can be a 

potential alternative to plant-based proteins 

through more sustainable production, which 

minimizes greenhouse gas emissions and, 

consequently, contributes to reducing global 

warming and mitigating climate change. Due to 

its remarkable biomass yield, resilience to 

various abiotic factors, compact size, and rich 

protein content—and especially its ability to be 

cultivated in recirculating water systems or 

vertical farming setups—it stands out as an 

excellent option for inclusion in the human diet. 

Widely consumed across Asia and 

already approved by the FDA, L. minor still 

requires extensive research to evaluate its 

acceptance as a food source and its nutritional 

potential, as well as to assess how different 
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production methods may influence its final 

composition. While it has already demonstrated 

significant value in animal feed, its gradual 

incorporation into the human diet is 

recommended. Moreover, its application could 

strongly support several Sustainable 

Development Goals (SDGs): goal 2 (Zero Hunger 

and Sustainable Agriculture) by providing 

nourishment for humans in addition to 

benefiting livestock; goal 12 (Responsible 

Consumption and Production) through its 

reduced soil impact during cultivation; and goal 

13 (Climate Action) by contributing to global 

efforts against climate change. 

In the coming years, existing food supply 

chains will face increasing pressure, heightening 

the urgency to identify viable alternatives to the 

vegetables currently consumed. Therefore, it is 

plausible that within the next five years, L. minor 

could appear on supermarket shelves-either 

sold in bulk or incorporated into food 

products—provided that ongoing research and 

safety validations confirm its suitability. Future 

investigations should focus on optimizing its 

cultivation and identifying the environmental 

conditions that best support its growth. There is 

also a clear need for studies aimed at increasing 

protein production through the manipulation of 

nutritional sources and improving palatability 

aspects. Therefore, increasing public exposure 

to L. minor and conducting consumer 

acceptance studies are supported not only by 

the numerous benefits this plant can offer to 

consumers but, perhaps more importantly, by 

its positive impact on the environment. 

 

ACKNOWLEDGMENTS 

The present study was developed under the 

financial support of the Fundação Araucária 

Paraná/Brazil, the Coordination of Improvement of 

Higher Education Personnel (CAPES) and the National 

Council for Scientific and Technological Development 

(CNPq). The authors would also like to acknowledge 

the Laboratory of Food and Environmental 

Biotechnology from the Universidade Tecnológica 

Federal do Paraná (UTFPR), Campus Dois Vizinhos, for 

the support. 

 

REFERENCES 

ABRAHAM, S. The relevance of wetland conservation in 

Kerala. International Journal of Fauna and Biological 

Studies, v. 2, n. 3, p. 01-05, 2015. 

ACOSTA, K., APPENROTH, K.J., BORISJUK, L., EDELMAN, 

M., HEINING, U., JANSEN, M.A.K., OYAMA, T., PASARIBU, 

B., SCHUBERT, I., SORRELS, S., SREE, K.S., ZU, S., 

MICHAEL, T.P., LAM, E. Return of the Lemnaceae: 

duckweed as a model plant system in the genomics and 

postgenomics era. Plant Cell, v. 33, n. 10, p. 3207-3234, 

2021. 



2 

17 
________________________________________________________________________________________________________

Revista Biociências - Universidade de Taubaté - v.31 - n.2 - p. 01-21, 2025 - ISSN: 14157411  
https://doi: 10.69609/1415-7411.2025.v31.n2.a3973 

31 | 2 | 2025 

ALP, F.N., ARIKAN, B., OZFIDAN-KONAKCI, C., EKIM, R., 

YILDIZTUGAY, E., TURAN, M. Rare earth element 

scandium mitigates the chromium toxicity in Lemna minor 

by regulating photosynthetic performance, hormonal 

balance and antioxidant machinery. Environmental 

Pollution, v. 316, n. 2, p. 120636, 2023. 

ALVARADO, S., GUÉDEZ, M., LUÉ-MERÚ, M., NELSON, G., 

ALVARO, A., JESÚS, A.C., GYULA, Z. Arsenic removal from 

waters by bioremediation with the aquatic plants Water 

Hyacinth (Eichhornia crassipes) and Lesser Duckweed 

(Lemna minor). Bioresource Technology, v. 99, n. 17, p. 

8436-8440, 2008. 

APG IV: Angiosperm Phylogeny Group. An update of the 

angiosperm phylogeny group classification for the orders 

and families of flowering plants: APGIV. Botanical Journal 

of the Linnaean Society, v. 181, p. 1-20, 2016. 

APPENROTH, K.J., BORISJUK, N., LAM, E. Telling 

duckweed apart: Genotyping technologies for the 

Lemnaceae. Chinese Journal of Applied and 

Environmental Biology, v. 19, n. 1, p. 1–10, 2013. 

ARROYAVE, M.P. La lenteja de agua (Lemna minor L.): una 

planta acuática promisoria. Revista EIA, v. 1, p. 33-38, 2004. 

BERGMAN, B.A., CHENG, J., CLASSEN, J., STOMP, A.M. In 

vitro selection of duckweed geographical isolates for 

potential use in swine lagoon effluent renovation. 

Bioresource Technology, v. 73, n. 1, p. 13-20, 2000. 

BUNDSCHUH, M. The Challenge: Chemical and 

ecotoxicological characterization of 

wastewater treatment plant effluents. Environmental 

Toxicology and Chemistry, v. 33, n. 11, p. 2407, 2014. 

BUNDSCHUH, M., SCHULZ, R. Population response to 

ozone application in wastewater: An on-site microcosm 

study with Gammarus fossarum (Crustacea: Amphipoda). 

Ecotoxicology, v. 20, n. 2, p. 466–473, 2011. 

CALICIOGLU, O., BRENNAN, R.A. Sequential ethanol 

fermentation and anaerobic digestion increases 

bioenergy yields from duckweed. Bioresource 

Technology, v. 257, p. 344–348, 2018. 

CHAKRABARTI, R., CLARK, W.D., SHARMA, J.G., 

GOSWAMI, R.K., SHRIVASTAV, A.K., TOCHER, D.R. Mass 

Production of Lemna minor and its amino acid and fatty 

acid profiles. Frontiers in Chemistry, v. 6, p. 479, 2018. 

CHEN, G., ZHAO, K., LI, W., YAN, B., YU, Y., LI, J., ZHANG, 

Y., XIA, S., CHENG, Z., LIN, F., LI, L., ZHAO, H., FANG, Y. A 

review on bioenergy production from duckweed. 

Biomass and Bioenergy, v. 161, p. 106468, 2022. 

CHENG, J., LANDESMAN, L., BERGMANN, B.A., CLASSEN 

J.J. Nutrient removal from swine lagoon liquid by Lemna 

minor 8627. Transactions of the American Society of 

Agricultural Engineers, 96(4): 1003-1010, 2002. 

CHENG, J.J., STOMP, A.M. Growing Duckweed to recover 

nutrients from wastewaters and for production of fuel 

ethanol and animal feed. Clean - Soil, Air, Water, v. 37, n. 

1, 17–26, 2009. 

CHHABRA, G., CHAUDHARY, D., SAINGER, M., JAIWAL, 

P.K. Genetic transformation of Indian isolate of Lemna 

minor mediated by agrobacterium tumefaciens and 

recovery of transgenic plants. Physiology and Molecular 

Biology of Plants, v. 17, n. 2, p. 129-136, 2011. 



2 

18 
________________________________________________________________________________________________________

Revista Biociências - Universidade de Taubaté - v.31 - n.2 - p. 01-21, 2025 - ISSN: 14157411  
https://doi: 10.69609/1415-7411.2025.v31.n2.a3973 

31 | 2 | 2025 

CHOJNACKA, K. The application of multielemental 

analysis in the elaboration of technology of mineral feed 

additives based on Lemna minor biomass. Talanta, v. 70, 

n. 5, p. 966-972, 2006. 

COX, K.M., STERLING, J.D., REGAN, J.T., GASDASKA J.R., 

FRANTZ, K.K., PEELE, C.G., BLACK, A., PASSMORE, D., 

MOLDOVAN-LOOMIS, C., SRINIVASAN, M., CUISON, S., 

CARDARELLI, P.M., DICKEY, L.F. Glycan optimization of a 

human monoclonal antibody in the aquatic plant Lemna 

minor. Nature Biotechnology, v. 24, p. 1591–1597, 2006. 

CUI, W., CHENG, J.J. Growing duckweed for biofuel 

production: a review. Plant Biology, v. 17, p. 16-23, 2014. 

CUSIMANO, N., MAYO, S., BOYCE, P., BOGNER, J. 

Relationships within the Araceae: Comparison of 

morphological patterns with molecular phylogenies. 

American Journal of Botany, v. 98, n. 4, p. 654–668, 2011. 

DANIELL, H., STREATFIELD, S.J., WYCOFF, K. Medical 

molecular farming: Production of antibodies, 

biopharmaceuticals and edible vaccines in plants. Trends 

in Plant Science, v. 6, p. 219, 2001. 

DIRISALA, V.R., NAIR, R.R., SRIRAMA, K., REDDY, P.N., 

SAMBASIVA RAO, K.R.S., KUMAR, N.S.S., PARVATAM, G. 

Recombinant pharmaceutical protein production in 

plants: unraveling the therapeutic potential of molecular 

pharming. Acta Physiologiae Plantarum, v. 39, p. 1–9, 2017. 

ENNABILI, A., ATER, M., RADOUX, M. Biomass production 

and npk retention in macrophytes from wetlands of the 

tingitan peninsula. Aquatic Botany, v. 62, n. 1, p. 45-56, 1998. 

ENSINGER, F. Lemna minor. Available in: 

https://plantasflores.net/lemna-minor/. Acesso em: 05 dez. 2025. 

EPA. United States Environmental Potection Agency. 

Global Greenhouse Gas Overview. Available in: 

https://www.epa.gov/ghgemissions/global-greenhouse-

gas-overview. Acesso em: 01 dez. 2025a. 

EPA. United States Environmental Potection Agency. 

Support Documents for the Final Arsenic Rule. Available 

in: https://www.epa.gov/dwreginfo/support-documents-

final-arsenic-rule. Acesso em: 01 dez. 2025b. 

FRICK H., MOHR, H. Phytochrome-mediated growth 

responses in green and etiolated Lemna minor. Planta, v. 

109, n. 3, p. 281-292, 1972. 

GE, X., ZHANG, N., PHILLIPS, G.C., XU, J. Growing Lemna 

minor in agricultural wastewater and converting the 

duckweed biomass to ethanol. Bioresource Technology, 

v. 124, p. 485-488, 2012. 

GRAEFF, A., VIANNA, A.G., TONETTA, D., PRUNER, E.N. 

Avaliação do potencial nutritivo da macrófita aquática 

Lemna minor, por meio da análise da composição química 

e por sua utilização em ração para carpa comum (Cyprinus 

carpio L.) na fase de recria. Evidência, v. 7, n. 1, p. 37-50, 2007. 

HILLMAN, D.S., CULLEY, D.D. Jr. The uses of duckweed. 

American Scientist, v. 66, n. 4, p. 442-451, 1978. 

HORN, M.E., WOODARD, S.L., HOWARD, J.A. Plant 

molecular farming: Systems and products. Plant Cell 

Reports, v. 22, p. 711–720, 2004. 

HUQUE, K.S., CHOWDHURY S.A., KIBRIA S.S. Study on the 

Potentiality of Duckweeds as a Feed for Cattle. Asian-

Australasian Journal of Animal Sciences, v. 9, n. 2, p. 133-

137, 1996. 



2 

19 
________________________________________________________________________________________________________

Revista Biociências - Universidade de Taubaté - v.31 - n.2 - p. 01-21, 2025 - ISSN: 14157411  
https://doi: 10.69609/1415-7411.2025.v31.n2.a3973 

31 | 2 | 2025 

IQBAL, S. Duckweed aquaculture potentials: possibilities 

and limitations for combined wastewater treatment and 

animal feed production in developing countries. EAWAG-

SANDEC Report. No.6/99, 1999. 

IQBAL, J., JAVED, A., BAIG, M.A. Growth and nutrient 

removal efficiency of duckweed (Lemna minor) from 

synthetic and dumpsite leachate under artificial and 

natural conditions. PLoS ONE, v. 14, n. 8, e0221755, 2019. 

IRELAND, H.E., HARDING, S.J., BONWICK, G.A., JONES, M., 

SMITH, C.J., WILLIAMS, J.H.H. Evaluation of heat shock protein 

70 as a biomarker of environmental stress in Fucus serratus and 

Lemna minor. Biomarkers, v. 9, n. 2, p. 139-155, 2004. 

JAIN, S.K., GUJRAL, G.S., JHA, N.K., VASUDEVAN, P.  

Heavy metal uptake by Pleurotus sajor-caju from metal-

enriched duckweed substrate. Biological Wastes, v. 24, p. 

275–282, 1998. 

KHELLAF, N., ZERDAOUI, M. Growth response of the 

duckweed Lemna minor to heavy metal pollution. Iranian 

Journal of Environmental Health Science & Engineering, 

v. 6, n. 3, p. 161-166, 2009. 

KNOWLER, D., CHOPIN, T., MARTÍNEZ-ESPIÑEIRA, R., 

NEORI, A., NOBRE, A., NOCE, A., REID, G. The economics 

of Integrated Multi-Trophic Aquaculture: Where are we 

now and where do we need to go? Reviews in 

Aquaculture, v. 12, n. 3, p. 1579–1594, 2020. 

KUMMEROVÁ, M., ZEZULKA, S., BABULA, P., TRISKA, J.  

Possible ecological risk of two pharmaceuticals diclofenac 

and paracetamol demonstrated on a model plant Lemna 

minor. Journal of Hazardous Mater, v. 302, p. 351-361, 2016. 

LANDOLT, E. Biosystematic Investigations in the Family 

of Duckweeds (Lemnaceae), Vol. 2. The Family of 

Lemnaceae - a Monographic Study 1. Vol. 1 of the 

monograph: Morphology; karyology; ecology; geographic 

distribution; systematic position; nomenclature; 

descriptions. Zurich: Geobotanischen Institutes der ETH. 

566 p. 1986. 

LANDOLT, E., KANDELER. R. Biosystematic Investigations 

in the Family of Duckweeds (Lemnaceae), Vol. 4. The 

Family of Lemmaceae - a Monographic Study. Vol. 2 of the 

monograph: Phytochemistry; physiology; application; 

bibliography. Zurich: Geobotanischen Instutites der ETH. 

638 p. 1987.  

LENG, R.A., STAMBOLIE, J.H., BELL, R. Duckweed - a 

potential high protein feed resource for domestic animals 

and fish. Livestock Research for Rural Development, v. 7, 

p. 1-9, 1995. 

LES, D., CRAWFORD, D.J., LANDOLT, E., GABEL, J.D., 

KIMBALL, R.T.  Phylogeny and Systematics of Lemnaceae, 

the Duckweed Family. Systematic Botany, v. 27, n. 2, p. 

221–240, 2002. 

MITROVIC, S.M., PFLUGMACHER, S., JAMES, K.J., FUREY, 

A. Anatoxin-a elicits an increase in peroxidase and 

glutathione stransferase activity in aquatic plants. 

Aquatic Toxicology, v. 68, n. 2, p. 185-192, 2004. 

MONSELISE, E.B., KOST, D. Different ammonium-ion 

uptake, metabolism and detoxification efficiencies in two 

Lemnaceae: A 15 N-nuclear magnetic resonance study. 

Planta, v. 189, n. 2, p. 167-173, 1993. 

MOUSTAFA, K., MAKHZOUM, A., TREMOUILLAUX-



2 

20 
________________________________________________________________________________________________________

Revista Biociências - Universidade de Taubaté - v.31 - n.2 - p. 01-21, 2025 - ISSN: 14157411  
https://doi: 10.69609/1415-7411.2025.v31.n2.a3973 

31 | 2 | 2025 

GUILLER, J. Molecular farming on rescue of pharma 

industry for next generations. Critical Reviews in 

Biotechnology, v. 36, p. 1–11, 2015. 

MURADOV, N., FIDALGO, B., GUJAR, A.C., GARCEAU, N., 

RAISSI, A.T. Production and characterization of Lemna 

minor bio-char and its catalytic application for biogas 

reforming. Biomass and Bioenergy, v. 42, p. 123-131, 2012. 

MURADOV, N., FIDALGO, B., GUJAR, A.C., RAISSI, A.T. 

Pyrolysis of fastgrowing aquatic biomass Lemna minor 

duckweed characterization of pyrolysis. Bioresource 

Technology, v. 101, n. 21, p. 8424-8428, 2010. 

MURADOV, N., TAHA, M., MIRANDA, A.F., KADALI, K., 

GUJAR, A., ROCHFORT, S., STEVENSON, T., BALL, A.S., 

MOURADOV, A. Dual application of duckweed and azolla 

plants for wastewater treatment and renewable fuels and 

petrochemicals production. Biotechnology for Biofuels, 

v. 7, p. 1-17, 2014. 

OAKES, J., SHEWMAKER, C., STALKER, D. Production of 

Cyclodextrins, a Novel Carbohydrate, in the Tubers of 

Transgenic Potato Plants. Nature Biotechnology, v. 9, p. 

982–986, 1991. 

OECD. Organization for Economic Co-operation and 

Development. Test No. 221: Lemna sp. Growth Inhibition 

Test. OECD Guidelines for the Testing of Chemicals, 

Section 2. Paris: OECD. 22p. 2006. 

OFOEDU, C.E., BOZKURT, H., MORTIMER, J.C. Towards 

sustainable food security: Exploring the potential of 

duckweed (Lemnaceae) in diversifying food systems. 

Trends in Food Science & Technology, v. 161, p. 105073, 2025. 

OPENAI. ChatGPT. Versão 4.0. 2025. Available in: 

https://chat.openai.com/chat. Acesso em: 05 dez. 2025. 

OZENGIN, N., ELMACI, A. Performance of Duckweed 

(Lemna minor L.) on different types of wastewater 

treatment. Journal of Environmental Biology, v. 28, p. 

307-314, 2007. 

PALAFOX, P.J.T., TOUSSAINT, F.I., GONZÁLEZ, S.R., CRUZ, 

R.O., CUTINO, E.O. Perspectivas de la Lemna sp. para la 

alimentación de peces. Revista Eletrônica de Veterinária, 

v. 6, n. 3, p. 3-5, 2005. 

PAOLACCI, S., STEJSKAL, V., JANSEN, M.A.K. Estimation 

of the potential of Lemna minor for effluent remediation 

in integrated multi-trophic aquaculture using newly 

developed synthetic aquaculture wastewater. 

Aquaculture International, v. 29, p. 2101-2118, 2021. 

POMATI, F., NETTING, A.G., CALAMARI, D., NEILAN, B.A. 

Effects of erythromycin tetracycline and ibuprofen on the 

growth of synechocystis sp and Lemna minor. Aquatic 

Toxicology, v. 67, n. 4, p. 387-396, 2004. 

PORATH, D., HEPHER, B., KOTON, A. Duckweed as an 

aquatic crop evaluation of clones for aquaculture. Aquatic 

Botany, v. 7, p. 273-278, 1979.  

SCHILLBERG, S., RAVEN, N., FISCHER, R., TWYMAN, R.M., 

SCHIERMEYER, A. Molecular farming of pharmaceutical 

proteins using plant suspension cell and tissue cultures. 

Current Pharmaceutical Design, v. 19, n. 31, p. 5531-5542, 2013. 

SCHILLBERG, S., EMANS, N., FISCHER, R. Antibody 

molecular farming in plants and plant cells. 

Phytochemistry Reviews, v. 1, p. 45–54, 2002. 



2 

21 
________________________________________________________________________________________________________

Revista Biociências - Universidade de Taubaté - v.31 - n.2 - p. 01-21, 2025 - ISSN: 14157411  
https://doi: 10.69609/1415-7411.2025.v31.n2.a3973 

31 | 2 | 2025 

SKILLICORN, P., SPIRA, W., JOURNEY, W. Duckweed 

aquaculture: a new aquatic farming system for developing 

countries. Washington, D.C: World Bank. 76 p. 1993. 

TARALDSEN, J.E., NORBERG-KING, T.J. New method for 

determining effluent toxicity using duckweed Lemna 

minor. Environmental Toxicology and Chemistry, v. 9, n. 

6, p. 761-767, 1990. 

TWYMAN, R.M., STOGER, E., SCHILLBERG, S., CHRISTOU, 

P., FISCHER, R. Molecular farming in plants: Host systems 

and expression technology. Trends in Biotechnology, v. 

21, p. 570–578, 2003. 

ULLAH, H., KHAN, H., REHMAN, K.U., GUI, B. Impact of pH 

on the growth and nutritional profile of Lemna minor L. as 

a sustainable alternative for Pakistan's feed sector. 

Aquaculture International, v. 31, n. 15, 2023. 

URUÇ PARLAK, K., YILMAZ, D.D. Response of antioxidant 

defences to Zn stress in three duckweed species. 

Ecotoxicology and Environmental Safety, v. 85, n. 1, p. 52-

58, 2012. 

VON HOECK, A., HOREMANS, N., MONSIEURS, P., CAO, H. X., 

VANDENHOVE, H., BLUST, R. The first draft genome of the 

aquatic model plant Lemna minor opens the route for future 

stress physiology research and biotechnological applications. 

Biotechnology for Biofuels, v. 8, n. 188, p. 1-13, 2015. 

WILSON, S.A., ROBERTS, S.C. Recent advances towards 

development and commercialization of plant cell culture 

processes for the synthesis of biomolecules. Plant 

Biotechnology Journal, v. 10, p. 249–268, 2012. 

XU, J., DOLAN, M., MEDRANO, G., CRAMER, C.L, 

WEATHERS, P.J. Green factory: Plants as bioproduction 

platforms for recombinant proteins. Biotechnology 

Advances, v. 30, p. 1171– 1184, 2012. 

YAMAMOTO, Y., RAJBHANDARI, N., LIBN, X., 

BERGMANN, B.A., NISHIMURA, Y., STOMP, A.M. Genetic 

transformation of duckweed Lemna gibba and Lemna 

minor. In Vitro Cellular & Developmental Biology – Plant, 

v. 37, n. 3, p. 349-353, 2011. 

ZIEGLER, P., ADELMANN, K., ZIMMER, S., SCHMIDT, C., 

APPENROTH, K.J. Relative in vitro growth rates of 

duckweeds (Lemnaceae) - the most rapidly growing higher 

plants. Plant Biology (Stuttg), v. 17, n. 1, p. 33-41, 2015. 

 


