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ABSTRACT: Less than 1% of the Earth’s water, a nonrenewable resource, is accessible as fresh water to us. Global warming, 
industrialization, and the growing human population exacerbate food and freshwater shortages. This investigation explores 
the potential of duckweed as a phytodesalinating agent for saltwater to address these issues. Duckweed (0.63 g) was grown 
hydroponically in different saline solutions (1%, 2%, and 3% salinity) and a commercial hydroponic nutrient solution (HS) as a 
control. Electrical conductivity (EC) and pH were measured every 3 days over 30 days, with spectrum (red/purple) grow lights 
on a 16/8 hour cycle. The average EC decrease for the 1% saline solution (SS) was 18.64% μS/cm, the 2% SS decreased by 9.09%, 
and the 3% SS decreased by 6.27% μS/cm, indicating effective desalination. Phytodesalination rate change (PRC) highlighted 
the most effective desalination date for each saline solution. A paired t-test was conducted to validate the significance of the 
desalination rates. Duckweed fresh weight increased by 1% and 2% in saline solutions but decreased by 3% due to the decay of 
duckweed. This research highlights duckweed’s potential as a sustainable solution to alleviate water scarcity and food insecurity 
in a warming climate. 
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� Introduction
Duckweeds are small, aquatic macrophytes mostly found in 

stillwater bodies. Duckweed is a part of the family Lemnace-
ae, which are very small angiosperms. The duckweed family 
has five water-based species and is comprised of 38 species in 
total. These tiny plants have the ability to survive almost any-
where, including in incredibly salty conditions. Many of these 
genera are able to or have the potential for phytoremediation. 
This means that they can be used to clean up contaminated or 
polluted environments. Research studies have been conduct-
ed on the desalination and purification of septage, brackish, or 
agricultural wastewater. Lemna minors’ rapid growth, prompt 
reproduction, and high nutrient and metal accumulation are all 
factors contributing to its phytoremediation potential.1

Duckweed is used in traditional East Asian cuisines as a 
popular breakfast choice. It is inexpensive, high in protein and 
omega-3 content, and has become a popular snack item. When 
grown in the right conditions, this superfood can contain up 
to 40% protein. Duckweed has a high fiber content, grows like 
a weed, and is good for the environment as it affects not only 
humans but animals, too. A high-quality protein source for hu-
mans may also be found in it since it has a perfect amino acid 
composition. As well as being high in minerals, vitamins, and 
antioxidants, duckweed also contains a variety of health-pro-
moting properties. “The fastest-growing duckweed strain can 
produce about 20 g (when dried) per square meter per day 
using our current prototype. That's about 1.4 million pounds 
per hectare (2.47 acres) annually—50 times what you get from 
corn.”1 This aquatic macrophyte is the perfect candidate for 
hydroponic farming.

Hydroponics has recently become a popular choice for grow-
ing plants since it is efficient and cost-effective, it requires less 

space (vertical farming), and it has a reduced carbon footprint 
compared to soil farming. This technique uses no soil, instead 
relying on a nutrient-rich water solution to provide the plants 
with the nutrients they need. It eliminates the need for pes-
ticides and herbicides. About 70% of our global freshwater is 
used for agriculture, and with the human population rapidly 
growing, we need to look for alternative solutions for irrigation. 
Saltwater hydroponics is another exciting area of research be-
cause of the possibility of using seawater as a water source for 
growing aquatic macrophytes. This is a method of hydroponic 
gardening that uses seawater instead of freshwater as a growing 
medium. Seawater contains many nutrients like K, Ca, and Mg 
that are useful for growing plants. It has been proven that by 
using saltwater hydroponics, plants uptake more nutrients than 
they had started with.2 Saltwater hydroponics is an efficient 
and sustainable way to grow plants, as it utilizes the resources 
available in seawater.

About 70% of our global freshwater is used for agriculture, 
and with the human population rapidly growing, we need to 
look for alternative solutions for irrigation. Water is a nonre-
newable resource that is being depleted at a rapid rate due to 
our ever-increasing population, and to solve this issue, we must 
come up with alternative solutions to combat this crisis. De-
salination is the process of removing salts and other minerals 
from seawater or other saline sources to make them suitable for 
human consumption and other uses.3 It is becoming increas-
ingly important due to the rise in global water demand and the 
decline in freshwater sources.4,5 With the world's population 
projected to reach 9.7 billion by 2050, the demand for fresh-
water is expected to increase significantly, making desalination 
an important source of clean and safe drinking water.6 Cur-
rently, many desalination processes consume massive amounts 
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of energy, are unsustainable, and are not beneficial to the en-
vironment. Natural desalination using plants will reduce the 
need for expensive, energyintensive desalination plants, as well 
as protect natural ecosystems. Additionally, these natural pro-
cesses help to reduce the impact of climate change; plants will 
help to absorb and store carbon dioxide.7 Using duckweed for 
saltwater hydroponics could be quite significant due to its role 
in phytodesalination and recycling. Saltwater hydroponics is 
especially beneficial for growing crops in arid climates, as it 
can be used to supplement the lack of fresh water.8 Duckweed 
has the ability to absorb salts from salt water, which might 
make the water more suitable for reuse in other applications. 
Moreover, the water that duckweed is grown in can be recy-
cled, reducing the impact of salts in downstream processes. 
Additionally, duckweed itself can provide a food source, adding 
another layer of utility to this technique. Overall, integrating 
duckweed into saltwater hydroponics might offer a practical 
approach to managing salinity and enhancing resource effi-
ciency.

Problems -
• The water crisis is among the top 5 global risks in terms

of impact on society. Fresh water is a limited resource;
less than 3% of the world's water is fresh.10

• With the world's population projected to reach 9.7 bil-
lion by 2050, food production will need to be doubled
to meet increasing demand.

• About 70% of our global freshwater is used for agricul-
ture; any freshwater insecurity can exacerbate worldwide 
food insecurity.

• Climate change will continue to threaten food and
freshwater availability by increasing resource scarcity
and soil degradation. 11

Current work -
• Current desalination techniques like distillation and re-

verse osmosis (RO) are expensive in terms of energy and 
technology and have climatological and hydrological
constraints like emitting greenhouse gases. Producing 1
L of drinking water creates 1.6 L of salty brine. Waste
brine released into oceans has a negative impact on the
marine environment and its biodiversity due to chemi-
cals, increased salinity, and temperature.

Need -
• Adopt the wider use of alternative water resources such

as desalination of sea and brackish water.

• Develop alternate natural desalination techniques that
are affordable, sustainable, and environmentally friend-
ly.

� Methods
Preparing the Jars:
Wash the 1L 15 mason jars with distilled water. Gather the 

7.6 L Hoagland solution, label maker, 7.6 L distilled water, 
analytical weighing scale, and 5 g fine sea salt. Assemble the 
mason jars on the three-tier storage rack in 5 rows of three 
and label the first jar of each row: 1%, 2%, 3%, commercial 
hydroponic nutrient solution, Hoagland Solution (HS), and 
Distilled Water (DW). Then label each jar with replication 
1, 2, or 3.

Creating Salt Solutions:
Take 3 large bowls and label them 1%, 2%, and 3%, respec-

tively. Using a measuring cup pour six cups of HS into each 
bowl. Weigh 0.95 g of salt and dissolve into the bowl marked 
1%; this will be the 1% solution. Weigh out 1.95 g of salt and 
dissolve into the bowl marked 2%; this is the 2% solution. 
Weigh out 2.95 g of salt and dissolve into the bowl marked 
3%; this is the 3% salt solution.

Assembly and Sterilization:
Pour two cups of the 1% solution into the jars marked 1%. 

Repeat this step for the 2% and 3% solutions. Sterilize the 
materials with DW to avoid cross-contamination. Each jar 
should contain two cups of its respective salt solution. Pour 2 
cups of DW into their respective jars. Pour 2 cups of HS into 
the jars labeled HS. Once all the jars are filled with their cor-
responding solution, measure 1/4 tsp (6.39 g) of the duckweed 
and place it into each jar.

Maintenance and Monitoring:
Turn the 3 LED full-spectrum grow light on and measure 

EC using an EC probe and pH using a pH meter. Continue 
to do this every three days for 30 days. The grow light should 
be turned on for 16 hours and turned off for 8 hours every 
day. If the water level starts to decline in the jars, add distilled 
water until they are filled up to the 2-cup mark. After 30 days, 
take the duckweed out of the jars with 2 chopsticks and weigh 
them. Data analysis will be conducted for the EC and pH data, 
as well as the fresh weight of duckweed.

� Result and Discussion
6.39 g of Duckweed was grown hydroponically in 15 

jars with 3 replications of 1%, 2%, and 3% saline solutions, 
Hoagland solution, and distilled water. Phytodesalination by 
duckweed was measured using an electrical conductivity probe 
every three days for 30 days. The 1% saline solution contained 
0.95 g of salt, the 2% saline solution contained 1.95 g of salt, 
and the 3% saline solution contained 2.95 g of salt. The Hoag-
land Solution and distilled water served as the control group. A 
Generalized Linear Model (GLM) was developed to create a 
line of best fit for desalination in the 5 various solutions.

PDSR was calculated to highlight the effectiveness of the 
duckweed in terms of desalination as well as at what point 
the duckweed was working at maximum efficiency. The differ-
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Figure 1: The exponential increase in the global population will demand an 
increase in food and freshwater consumption. Climate change due to human 
impact has disrupted the hydrological cycle, leading to a freshwater shortage, 
which can ultimately impact food cultivation.9
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ences between the readings (every 3 days) for each replication 
were calculated and then averaged and the largest difference 
was the day at which the duckweed was performing the most 
efficiently. Table 1 shows the highest drop in pdsr for 1% 
during day 15, with the average drop (average of three repli-
cations) in the EC of 189.66 μS/cm. The pdsr for 2% was at 
its peak during day 21, with the average drop being 174.6 μS/
cm. The phytodesalination rate change for the 3% solution was
at its highest during day 24, and the average drop was 152.6
μS/cm. This indicates that duckweed can be changed when
the pdsr is highest for each saline solution this was calculated
through Table 2. As expected, the Hoagland solution had the
highest growth of duckweed, ending at 43.76 grams. Followed
by the 1% saline solution with the duckweed weight at 32.99
grams. This was closely followed by the 2% solution, which
had duckweed growth of 26.9 grams. The 3% saline solution
had a decrease in duckweed mass by 0.7 g, possibly due to the
decay of the duckweed due to the high salinity of the solution
or nutrition deficiency. From these readings, the past, and the
fresh weight of duckweed, it can be inferred that duckweed
is a potential candidate for desalinating seawater. However, it
has to be changed every 21-24 days to avoid disintegrating.
The tailed t-test was conducted (Table 3), and the fresh weight
of the duckweed was measured for each solution respectively
after the cycle of 30 days concluded (Table 4). A Generalized
Linear Model was fitted, and the data provided a strong cor-
relation to the model. By fitting a GLM with a logarithmic
link function, it models the relationship between predictor
variables (time) and the logarithm of the expected value of the
response variable (electrical conductivity). This approach al-
lows for nonlinear relationships and can better accommodate
data that do not meet the assumptions of traditional linear
regression. Over thirty days, the EC consistently dropped in
each saline solution and the controls. As expected, the EC of
the distilled water remained the same because it lacked NaCl.
As per the data, the desalination rate (difference of the first
and last reading) of duckweed measured in EC was the high-
est in the 1% saline solution (826 μS/cm) (Figure 2). This was
followed by the decrease in EC in the 2% saline solution (677
μS/cm) and the 3% saline solution (609 μS/cm), indicating
duckweed desalinated 1% saline solution the most.

The null hypothesis states that there is no statistically sig-
nificant difference between the drop of desalination between 
the Hoagland solution and the three saline solutions. The al-
ternate hypothesis states that there is a statistically significant 
difference between the Hoagland and 1, 2 & 3% saline solu-
tions. All p-values were less than 0.05, meaning that the data 
was statistically significant, the null hypothesis was rejected, 
and the alternative hypothesis was accepted (Table 3). The 
drop in salinity in the 1%, 2%, and 3% solutions suggests that 
duckweed can effectively phytodesalinate water and grow in 
saltwater while providing an alternate food source.

Generalized Linear Model (GLM):
g(μ)=η=log(μ)
• g(μ) is the link function that transforms the expected

value of the response variable (μ) into the linear pre-
dictor

• μ is the expected value (mean) of the response variable
•	  η is the linear predictor, which is a linear combination

of predictor variables (features) weighted by their coef-
ficients

Figure 2: Phytodesalination by duckweed (L. minor) for different solutions 
over 30 days. This figure displays the various saline solutions decreasing in 
EC over the timeline of 30 days. The EC of the solutions was the highest in 
the 1% saline solution (826 μS/cm), followed by the decrease in EC in the 
2% saline solution (677 μS/cm) and the 3% saline solution (609 μS/cm), the 
Hoagland solution dropped by 196 μS/cm indicating duckweed desalinated 
1% saline solution the most (Figure 2).

Figure 3: Phytodesalination rate of duckweed (L. minor) for the 1% saline 
solution. The GLM was used to create a trendline to demonstrate the 
relationship between the EC and the period of time. The 1% solution started 
at 4432 μS/cm and ended at 3606 μS/cm. The drop in salinity was the highest 
in the 1% saline solution, with an 826 μS/cm drop.

Figure 4: Phytodesalination rate of duckweed (L. minor) for the 2% saline 
solution. Using the GLM model, a trendline was created between the time 
elapsed and the EC. The 2% saline solution began at 7442 μS/cm and ended 
at 6764 μS/cm, with a 667 μS/cm drop in salinity over 30 days.
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Figure 5: Phytodesalination rate of duckweed (L. minor) for 3% of the saline 
solution. This trendline was fitted using a GLM model to display the trend 
between the EC and the time elapsed. The 3% saline solution began at 9715 
μS/cm and ended at 9106 μS/cm, with a 609 μS/cm drop over 30 days.

Table 1: Highest rate of change of phytodesalination in 1%, 2%, and 3% 
saline solutions every 3 days (μS/cm). The highest rate of phytodesalination 
in 1%, 2%, and 3% Saline Solutions is displayed by data in the table. Each 
italicized number represents the highest change in EC for each solution (n=3) 
that had desalinated over thirty days. Table 1 displays the highest drop in pdsr 
during day 15, with the average drop (average of three replications) and the 
EC of 189.66 μS/cm. The pdsr for 2% was at its peak during day 21, with the 
average drop being 174.6 μS/cm. The phytodesalination rate change for the 
3% solution was at its highest during day 24, and the average drop was 152.6 
μS/cm.

Table 2: Phytodesalination by duckweed (L. minor) for different solutions 
over 30 days (μS/cm). Over 30 days, measurements were taken from each 
solution every three days (averages of three replications are shown). The 
duckweed measured in EC was the highest in the 1% saline solution (826 
μS/cm), followed by the decrease in EC in the 2% saline solution (677 μS/
cm) and the 3% saline solution (609 μS/cm), the Hoagland solution dropped
by 196 μS/cm indicating duckweed desalinated 1% saline solution the most. 
(Figure 1 and Table 2).

Figure 6: Phytodesalination rate of duckweed (L. minor) for Hoagland 
Solution. In this graph, the GLM was used to create a trendline between 
the EC and the time elapsed for the Hoagland solution, which was used 
as a control. The solution started at 1269 μS/cm and ended at 1073 μS/cm, 
creating a 196 μS/cm drop in the Hoagland solution over 30 days.

Figure 7: The highest rate of change in phytodesalination is 1%, 2%, and 
3% Saline Solutions. This graph displays the highest desalination rate = the 
highest change in EC. This occurred during day 15, with the average drop 
(n=3) being 189.66 μS/cm. The pdsr (Phytodesalination Rate) for 2% was 
at its peak during day 21, with the average drop being 174.6 μS/cm. The 
phytodesalination rate change for the 3% solution was at its highest during 
day 24, and the average drop was 152.6 μS/cm. (Figure 7).
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fects of high salinity on plant growth and emphasizes the 
importance of maintaining optimal salinity levels for sustained 
growth and desalination performance. Statistical analysis con-
firmed significant differences in desalination rates between the 
Hoagland solution and the saline solutions, with all p-values 
below 0.05. This statistical evidence supports the effective-
ness of duckweed in desalinating water across a range of saline 
concentrations. This investigation into the phytodesalina-
tion capabilities of duckweed has yielded compelling results. 
Over 30 days, a consistent reduction in electrical conductivity 
was observed across saline solutions of varying concentra-
tions, indicative of successful desalination. Notably, duckweed 
demonstrated the highest desalination rate in the 1% saline 
solution, followed by the 2% and 3% solutions. This highlights 
the efficacy of duckweed as a natural desalination agent, partic-
ularly in moderate salinity conditions. Furthermore, this study 
elucidated the growth dynamics of duckweed in different nu-
trient environments. The highest growth was observed in the 
Hoagland solution, underscoring the potential of duckweed 
as a nutrient-rich food source in addition to its desalination 
capabilities. This dual functionality positions duckweed as a 
versatile bioresource with significant implications for sustain-
able agriculture and food security.

Previous studies have primarily focused on specific appli-
cations of duckweed, such as phytodesalination or nutrient 
uptake in agricultural settings. In contrast, this research extends 
beyond these isolated investigations to examine the broader 
implications of duckweed-based systems in closed-loop hydro-
ponics. By employing a Generalized Linear Model (GLM) to 
analyze dynamic changes over a 30-day experimental period, 
the intricate relationships between duckweed growth, nutri-
ent absorption, and desalination efficiency are elucidated. The 
findings in this study reveal consistent decreases in electrical 
conductivity (EC) across all saline solutions, indicating the 
efficacy of duckweed in desalinating water. Furthermore, the 
variation in duckweed's fresh weight across different solutions 
underscores its adaptability to saline conditions. Statistical 
analysis confirms significant differences in desalination rates 
between saline and control solutions, highlighting the effec-
tiveness of duckweed-based systems in restoring water quality.

Environmental benef its:
Saltwater hydroponics reduces the demand for large spans 

of land and minimizes soil consumption, thereby preserving 
vital ecosystems. Additionally, this method enhances water 
conservation by efficiently utilizing water resources, mitigating 
the environmental impact associated with traditional farming 
practices. The closed-loop nature of hydroponic systems en-
sures that water is continually circulated, minimizing wastage. 
Also, reduced reliance on soil diminishes the need for chemical 
fertilizers, limiting soil and water pollution.

Furthermore, saltwater hydroponics is cost-effective, as 
it optimizes resource utilization and minimizes input costs, 
making it an economically viable and sustainable choice for 
modern agriculture

� Conclusion
The experimental results presented in this study demonstrate 

the remarkable ability of duckweed to effectively desalinate 
water across various saline concentrations. The data revealed a 
consistent decrease in electrical conductivity (EC) in all saline 
solutions tested, indicating the successful removal of salt from 
the water by duckweed. Notably, the highest desalination was 
observed in the 1% saline solution, (Figure 3) followed by the 
2% (Figure 4) and 3% solutions (Figure 5). The Duckweeds’ 
desalination of Hoagland was substantial as well (Figure 6). 
These findings underscore the efficacy of duckweed in reduc-
ing salinity levels, with the 1% saline solution showing the 
most substantial reduction.

Further analysis of peak phytodesalination rates (PDSR) 
revealed that the timing of maximum desalination efficiency 
varied among the different saline solutions (Figure 7). The 1% 
solution exhibited its highest PDSR on day 15, followed by 
the 2% solution on day 21 and the 3% solution on day 24. 
This variation suggests that duckweed’s desalination efficiency 
is influenced by the salinity level of the solution and reaches 
its peak during specific growth stages. The study also inves-
tigated the impact of saline conditions on duckweed growth, 
measured by fresh weight. While the Hoagland solution sup-
ported the highest growth, followed by the 1% and 2% saline 
solutions, the 3% saline solution resulted in a slight decrease 
in duckweed mass. This decrease highlights the adverse ef-
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Table 3: Paired 2-tailed T-Test Values. A paired t-test analysis of the 
phytodesalination rate was conducted for the saline solutions compared with 
the Hoagland solution. The null hypothesis states that there is no statistically 
significant difference between the drop of desalination between the Hoagland 
solution and the three saline solutions. The alternate hypothesis states that 
there is a statistically significant difference between the Hoagland and 1, 2 & 
3% saline solutions. All p-values were less than 0.05, meaning that the data 
was statistically significant, and the null hypothesis was rejected, while the 
alternative hypothesis was accepted.

Table 4: Changes in Fresh Weight of Duckweed (L. minor) After 30 days. As 
expected, the Hoagland solution had the highest growth of duckweed, ending 
at 43.76 grams. Followed by the 1% saline solution with the duckweed weight 
at 32.99 grams. Closely followed by the 2% solution, which had duckweed 
growth of 26.9 grams. The 3% saline solution had a decrease in duckweed 
mass by 0.7 g. duckweed growth of 26.9 grams. The 3% saline solution had a 
decrease in duckweed mass by 0.7 g.
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Applications:
Phytodesalination - Saltwater can be utilized to grow halo-

phytes (duckweed). This method will utilize an abundant 
supply of salt water to cultivate food without negative ecologi-
cal impact. Desalinated saltwater solutions can be recycled and 
reutilized, thereby minimizing wastage and providing a sus-
tainable water management system.

Increased food production - This method uses 90% less 
water than traditional agriculture practices. Precise farming 
maximizes the yield of crops and quicker growth. It is essen-
tial for arid farming where food scarcity, climate, and poor soil 
quality pose a great challenge. Food in space: Duckweed is high 
in protein and contains powerful antioxidants like lutein and 
zeaxanthin. It reduces inflammation and supports eye health.

The engineering applications derived from current research 
findings are multifaceted and far-reaching. Phytodesalination 
systems, leveraging the natural desalination capabilities of 
duckweed, offer a cost-effective and environmentally friendly 
approach to remediating saline water sources. Smart irriga-
tion technologies incorporating duckweed-based systems can 
optimize water use efficiency and mitigate the impacts of 
water scarcity in agriculture. Furthermore, the integration of 
duckweed into hydroponic farming systems holds promise for 
enhancing food production while minimizing environmental 
impact. By harnessing the innate abilities of duckweed to thrive 
in aquatic environments and absorb nutrients, hydroponic sys-
tems can revolutionize agricultural practices and contribute to 
sustainable food production.

Future Applications:
As the global population burgeons and environmental chal-

lenges escalate, the imperative to explore sustainable solutions 
for water and food security becomes increasingly evident. 
Duckweeds, with their multifaceted capabilities and adapt-
ability, offer promising avenues for tackling these pressing 
issues. More species and specific genera of Duckweed can be 
used to resolve this issue Through interdisciplinary research 
and innovative applications, duckweeds can provide valuable 
insights and solutions to the quest for a more sustainable 
and resilient future. By delving deeper into the intricacies of 
duckweed biology, ecology, and applications, researchers can 
unlock new opportunities for environmental stewardship and 
agricultural sustainability. Through collaborative efforts across 
disciplines, including biology, ecology, environmental science, 
and agricultural engineering, the potential of duckweed can 
be fully realized. With continued exploration and innovation, 
duckweeds have the potential to revolutionize how society 
approaches water management, food production, and environ-
mental conservation on a global scale.
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