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ABSTRACT
Background and Objective: Due to the growing world population and the increase in demand for food,
food security may be the greatest challenge of humanity in the future. Duckweeds have the potential to
be a useful alternative for human food and animal feed due to their great nutritional content. This study
evaluates the production potential of three Lemnaceae species under uniform nutritional and
management conditions. Materials and Methods: To assess the production potential of available species
of duckweed, the experiment was conducted at the University of Tehran. Three species of Lemna gibba,
Lemna minor and Spirodela polyrhiza, were compared under the same nutritional conditions in a
greenhouse. The 25% concentration of Standard Hoagland solution was used. Results: Results showed
that there are significant differences among studied species in growth parameters. Lemna minor and
Lemna gibba  showed  better  results in dry weight, linear growth rate, relative growth rate and doubling
time. The CP content of three species was more than 30% of DW. Conclusion: The biomass yield and
nutritive value, of Lemna minor, were more promising to be grown for nutritional biomass production.
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INTRODUCTION
With the growing world population and limited agricultural lands, the global food shortage will become
more critical in the future1 and finding sustainable and economical raw materials for feed production is
a major source of concern for the feed industry2. In recent years, the use of aquatic plants has attracted
global attention due to many features compared to conventional cereal and grain crops3,4. Among aquatic
weeds, duckweeds are potential candidates to be used as an economical source of human food and
animal feed in developing countries5,6.

Duckweeds (the world’s smallest and fastest growing flowering plants) belong to the Lemnaceae family
comprising 37 species grouped into five genera7. These tiny plants can produce huge biomass with a
broad range of potential applications like the production of feed and food, biofuel and biogas. Besides
productivity,  duckweed’s  key  advantage  is  its  high  crude  protein  content.  Unlike  many  commonly
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cultivated protein or starch crops, duckweed is entirely edible due to its minimal support tissues. It has
the potential to yield significantly more protein per unit of cultivation area compared to crops like
soybeans, as the protein in duckweed is distributed throughout the plant, whereas soybeans primarily
concentrate it in their seeds. These small aquatic plants offer a sustainable source of essential nutrients
and could play a vital role in addressing food security challenges while minimizing land use, a critical
factor in mitigating global climate change8,10.

To improve the application of duckweeds for food and feed, many studies are needed in species selection
and optimization of biomass production11, since biomass production differs depending on duckweed
species12,13. Studies on duckweeds were conducted to evaluate the phytoremediation ability or biomass
production of single duckweed species. A few studies have been done to determine the biomass
production potential and nutritive quality of duckweed species under hygienic and same nutritional
conditions. Therefore the present experiment aimed to compare three local species of duckweeds on
biomass production potential and especially protein content under the same nutritional and management
conditions.

MATERIALS AND METHODS
Sample collection: Plant samples were collected from the natural  habitats  located  in  Gilan  Province
(a Coastal Province in the North of Iran) in September, 2022 and then were brought to a greenhouse at
the University of Tehran for propagating. Species identified morphologically as Lemna gibba, Lemna minor
and Spirodela polyrhiza.

Research methodology: For  hygienic  production,  a  trial  was conducted from 22 December, 2022 to
5 January, 2023, under the semi-controlled condition of a Research Greenhouse of the Department of
Horticultural Sciences, at the University of Tehran, Karaj, Iran (35°50'10", 51°00'41"). Then, 27 plastic pots
(22 cm long×22 cm wide×20 cm depth) were allocated to three species in a Randomized Complete Block
Design with three replications. The pots filled with 7 L of 25% concentration Hoagland standard solution14

under  natural  light  in  the  greenhouse.  In  each pot, 5 g of fresh biomass of species was transferred.
Table 1, shows the situation where different duckweed species were grown. At the end of the experiment
(15 days after incubating), whole duckweeds were harvested using a plastic net. After draining the excess
solution and weighting of fresh biomass, the samples were dried at 65°C, for 3 days and were analyzed
for dry weight (DW), linear growth rate (LGR), relative growth rate (RGR), doubling time (DT), nitrogen
content (N) and crude protein content (CP). Pots surface area (0.05 m2  was used as a production area
when needed and then some values were calculated for 1 m2.

Parameter calculation:
RGR was calculated in each group according to Hunt’s equation15,16:

R=LnW2-LnW1/T2-T1

where, R is the relative growth rate (ggG1 dayG1), W1 and W2 are the initial and final plant fresh weights
harvested from the pot area, respectively and (T2-T1) is the experimental period (15 days).

The biomass doubling time was calculated by the below equation16:

Doubling time= [Ln (2)]/RGR

Biomass productivity or linear growth rate (LGR) was calculated as follows5:

 2 1(DW (%) end×FW end)- (DW (%) start×FW start)LGR = g  dayTime×Surface
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Table 1: Media characteristics and environmental parameter
Parameter Value Parameter Value
Light intensity at 1 p.m. 95 µmol/m2/sec Water temperature 15°C
Electrical conductivity (EC) 1 ds/m Air temperature 22°C
Photoperiod 10:14 light/dark Relative humidity 48%

Dry weight (DW): The dried plant samples were used for Kejldahl Nitrogen (KJ-N) measurement.
Additionally,  KJ-N  content  was  used  to  calculate  the  protein  content  by  multiplying  it  with  the
factor 6.2517.

Statistical  analysis:  Statistical  analysis  of  the  obtained  data  was  conducted  using  SAS  software
Version 9.4 (SAS Institute, Cary, North Carolina, USA). The Duncan’s New Multiple Range Test was used
to compare means at a 0.05 level of probability.

RESULTS AND DISCUSSION
Results showed that species influenced all the measured variables. Blocks showed a significant effect only
on DW and LGR. The analysis revealed significant variations among species for most traits, including fresh
weight (FW), dry weight (DW), leaf growth rate (LGR), relative growth rate (RGR), drought tolerance (DT),
nitrogen content (N%) and crude protein (CP), as indicated by their respective mean square values. Blocks
showed a significant effect only on DW and LGR. The coefficients of variation (CV) ranged from 0.92% to
18.65%, indicating moderate variability in the data.

Fresh weight accumulation differed among species, Lemna gibba and Lemna minor had significant
differences with Spirodela polyrhiza (Fig. 1). Chowdhury et al.18 and Chen et al.19 also reported that fresh
weight has significant differences among duckweed species. With comparison of three species observed
that Lemna minor had higher biomass production per square meter than Lanctuta punctuata and Spirodela
polyrhiza.

As shown in Fig. 2, the effect of species on dry weight (DW) accumulation was significant, Lemna minor
had the highest and Spirodela polyrhiza had the lowest DW, but Lemna minor and Lemna gibba were
similar in this trait. A similar trend was reported by Appenroth et al.3.

As illustrated in Fig. 3, biomass productivity or linear growth rate (LGR) was significantly different (p<0.01)
among  studied  species.  Lemna  minor  growth  rate  was  higher  than the others. Zhao et al.20 grew four
different species of duckweeds in a mix of domestic and aquaculture wastewater and Chen et al.19 state 
the comparison of three species of duckweed, observed the same results. Results of Chen et al.19 studies
showed that Lemna minor LGR have been higher than Lanctuta punctata and Spirodela polyrhiza.

Relative growth rate (RGR) was also different among species (p<0.05). Lemna minor and Lemna gibba had
higher RGR than Spirodela polyrhiza (Fig. 4). Findings of Pagliuso et al.10 and Peterson et al.21 and accord
with current results, but Paolacci et al.22 and Li et al.23 studying three species of duckweed observed
different results.

Due to the difference in growth rates, the doubling time parameter (DT) was also significantly different
at (p<0.01) As shown in Fig. 5. Species of Lemna minor and Lemna gibba showed lower DT compared to
Spirodela polyrhiza. Other reports are stating that DT is different between Lemna minor and Landoltia
punctata24.

Plant tissue nitrogen content (N%) showed a difference among species (p<0.01). As shown in Fig. 6, Lemna
minor had higher N% than the others, although all of them had considerable N%. Pagliuso et al.10 and
Toyoma et al.25 with the comparison of four species of duckweed in three mediums showed similar N%
with a range of 5.3-6.6% .Chowdhurey et al.18 observed different results (N% was non-significant among
studied species).
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Fig. 1: Effect of species on fresh weight accumulation
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels

Fig. 2: Effect of species on dry weight accumulation
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels

Table 2: Statistical analysis of species on measured parameter
Mean squares

---------------------------------------------------------------------------------------------------------
Source of variations DF FW DW LGR RGR DT N% CP
Block 2 273.634ns 3.524* 0.016* 0.0002ns 20.4ns 0.012ns 0.46ns

Species 2 616.546* 10.298** 0.059** 0.0008* 190.85** 0.514** 20.06**
Error 4 846.83 0.471 0.008 0.00007 3.64 0.003 0.11
CV 14.71 7.012 17.983 18.65 10.36 0.921 0.92
FW:  Fresh  weight  per  area,  DW:  Dry  weight  per  area,  LGR: Linear growth rate, RGR: Relative growth rate, DT: Doubling time,
N: Nitrogen content and CP: Crude protein content. The givens are means of squares, degree of freedom and significance levels;
**p<0.01, *p<0.05 and nsp$0.05 and ns: There are no significant effect

Current  findings  indicated  that  there  is  a  significant  difference  among  species  on  crude  protein
content (CP). Lemna minor and Spirodela polyrhiza reached the highest and lowest CP content,
respectively (Fig. 7). This is consistent with Li et al.23 reports in other duckweed species under different
temperatures and light intensity, Zhao et al.20 and Peterson et al.21. All of the duckweeds tested seem to
be promising sources for protein production with more than 30% CP based on DW26.
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Fig. 3: Effect of species on linear growth rate (LGR)
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels

Fig. 4: Effect of species on relative growth rate (RGR)
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels

Fig. 5: Effect of species on doubling time (DT)
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels
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Fig. 6: Effect of species on nitrogen content (%)
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels

Fig. 7: Effect of species on crude protein content (CP)
Data are presented as Means±Standard Errors (SE) and a,bIndicated significantly different levels

CONCLUSION
The trial demonstrated significant effects of duckweed species on growth parameters and protein content.
Among the tested species, Lemna minor exhibited the highest production performance, followed by
Lemna gibba and Spirodela polyrhiza. While biomass production was lower compared to previous studies,
likely due to suboptimal cultivation conditions, including a mean temperature of 15°C (below the optimal
range of 20-30°C), protein content across all species was notable. Lemna minor, with a protein content
exceeding 35%, qualifies as a protein-rich biomass, presenting a sustainable and cost-effective alternative
to traditional high-protein sources such as fishmeal and soybean. The findings highlight the potential of
Lemna minor for large-scale cultivation, especially in Iran, where such practices remain unexplored. Further
research under varying conditions is essential to optimize biomass production and unlock the full potential
of duckweed as a high-quality protein source.

SIGNIFICANCE STATEMENT
The trial revealed significant effects of duckweed species on growth and protein content, with Lemna
minor showing the highest production and protein content exceeding 35%. Although biomass production
was lower due to suboptimal conditions, Lemna minor qualifies as a sustainable, protein-rich alternative
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to traditional sources like fishmeal and soybean. The findings emphasize its potential for large-scale
cultivation in Iran, warranting further research to optimize production under varying conditions.
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