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ABSTRACT 
 

Duckweed (Lemna gibba L.) is an eco-friendly aquatic macrophyte with significant potential for 

wastewater treatment and biomass valorization. This study evaluated its nutrient removal 

efficiency and growth performance under controlled greenhouse conditions using agricultural 

(AG) and domestic sewage (SG) wastewater at five dilution levels across three seasons. Growth 

and biochemical responses were monitored over 180 days. Results demonstrated that L. gibba 

effectively removed anions (NO₃⁻, PO₄³-, Cl-, SO₄²⁻) and cations (Ca²⁺, Mg²⁺, K⁺, Na⁺), with higher 

removal efficiencies in AG wastewater than in SG, except for Cl- and SO₄²⁻, which were more 

efficiently removed from SG. Biomass production peaked at 75% wastewater concentration (T3), 

with fresh weight increases of 133% (AG) and 146% (SG), while dry weight gains were 

comparable (AG 187%, SG 185%). Relative growth rate and crop growth rate were significantly 

affected by seasonality, with the second season (S2) showing the highest productivity. 

Biochemical analyses revealed higher protein yields in SG and slightly greater carbohydrate yields 

compared to AG. Generally, L. gibba exhibited strong phytoremediation capacity and produced 

nutrient-enriched biomass suitable for aquaculture or bioresource applications. These results 

support its use as a cost-effective and sustainable approach for reorganized wastewater treatment 

and resource recovery. 

Keywords: Agricultural wastewater; Duckweed; Lemna gibba L.; Phytoremediation; Wastewater 

treatment. 

 
 

INTRODUCTION 

 

The current global population is estimated at 7.6 

billion and is projected to reach 8.6 billion by 2030, 9.8 

billion by 2050, and 11.2 billion by 2100 (Chen et al., 

2018). This rapid growth places increasing pressure on 

freshwater resources. Water scarcity remains a life-

threatening issue, nearly two-thirds of the world’s 

population faces water scarcity for at least one month 

each year, and about 2 billion people lack consistent 

access to clean drinking water (UN, 2007; UN, 2024; 

WHO, 2025; UNESCO, 2022). The uneven distribution 

and scarcity of freshwater highlight the urgent need for 

innovative and sustainable solutions to ensure adequate 

water availability. However, over 80% of wastewater 

generated is discharged into ecosystems without proper 

treatment, contributing to environmental degradation 

and health risks (World Water Assessment Programme, 

WWAP, 2017). Wastewater comes from various 

sources, including agricultural runoff, sewage, animal 

farms, domestic effluents, and small-scale industries, 

often containing both organic and inorganic pollutants 

(Gavrilescu et al., 2015; Harish et al., 2025). These 

untreated releases degrade water quality, promote 

eutrophication, and disrupt aquatic ecosystems. 

According to the 2023 UN-Habitat Global report on 

sanitation and wastewater management, wastewater 

treatment issue remains critically inadequate in many 

developing countries, particularly in rapidly urbanizing 

and peri-urban areas in which population growth exerts 

significant pressure on existing sanitation infras-

tructure. The report emphasizes the need for context-

specific, low-cost, and accessible wastewater treatment 

solutions to reduce environmental contamination and 

defend public health. It promoters the integrated 

approaches based on the Citywide Inclusive Sanitation 

(CWIS) framework, which emphasizes comprehensive 

resource management, strengthened institutional gove-

rnance, data-driven sanitation planning, climate 

resilience, and the adoption of innovative technologies 

to enhance waste-water control, treatment, and service 

delivery at scale. This framework provides a strategic 

blueprint for local and national authorities to improve 

service quality, regulatory supervision, and investment 

in sanitation infrastructure, particularly in underserved 

communities. 

Agricultural drainage water, a byproduct of land 

irrigation and farming practices, contains a complex 

mixture of fertilizers, pesticides, and other agroche-

micals. The uncontrolled discharge of this water leads 

to contamination of adjacent water bodies, adversely 

affecting aquatic ecosystems and biodiversity, which 

presents significant environmental challenges. The 

slow progress in improving water and sanitation 

infrastructure underscores the urgent need for 

collaborative solutions through partnerships and coope-

ration, especially as global water demand is projected 

to rise sharply (El-Shafei et al., 2024). Meanwhile, 

sewage, or domestic wastewater, origin-nates from 

residential, commercial, institutional, and public 

facilities within a given area (El-Ezaby et al., 2023). It 

primarily consists of two subtypes: greywater, 
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generated from sinks, bathtubs, showers, dishwashers, 

and washing machines, and blackwater, originating 

mainly from toilets. The treatment of domestic 

wastewater is crucial for mitigating environmental 

pollution and enabling the safe reuse of treated 

effluents for agricultural irrigation and recreational 

purposes (Kumar et al., 2021). Therefore, green 

remediation technologies, grounded in ecological 

principles, are increasingly recognized as urgent and 

promising approaches for sustainable wastewater 

treatment. These techniques use natural biological 

processes to treat wastewater, offering advantages such 

as low energy requirements, reduced costs, minimal 

chemical use, and generation of high-quality biomass 

(Almuktar et al., 2018; Wang et al., 2025). Such 

systems are particularly valuable in developing 

countries where financial and technical constraints 

limit the implementation of advanced treatment plants.  
 
 

Among nature-based solutions, aquatic plants have 

been increasingly recognized for their substantial 

capacity to remove nutrients and pollutants from 

wastewater, positioning them as effective biological 

agents for tertiary treatment (Vymazal, 2011; Li et al., 

2018). Recent studies provide further evidence of their 

high efficiency in eliminating contaminant minerals 

such as nitrogen, phosphorus, and heavy metals, 

achieving removal rates approaching 100% in some 

cases (Mishra et al., 2023; Phewnil et al., 2023). 

Additionally, these plants offer potential as sustainable 

feedstock for biomass valorization, integrating waste-

water treatment with resource recovery strategies. 
 

Duckweed species (family Lemnaceae) have attar-

cted particular interest over the past three decades as 

efficient phytoremeditators of wastewater (Papado-

poulos and Tsihrintzis, 2011); (Mohedano et al., 2012) 

and (Gaur and Suthar, 2017). Lemnaceae are the 

fastest-growing angiosperms, with reported doubling 

times of less than 48 hours under optimal conditions 

(Ziegler et al., 2015). Their simple morphology, 

consisting of small fronds and reduced root systems, 

allows for rapid nutrient absorption directly from the 

water column (Eng and Siau, 2025). As they grow, 

duckweeds remove nitrogen, phosphorus, and other 

elements from wastewater while simultaneously 

producing protein-rich biomass suitable for use as 

animal feed or bioenergy feedstock. This dual role 

positions duckweed systems as models of circular 

economy approaches, enabling resource recovery 

alongside pollution control. Among duckweed species, 

Lemna gibba L. (common duckweed) is widely 

distributed in nutrient-rich ponds, lakes, ditches, and 

canals (Foroughi et al., 2013). It thrives under varied 

aquatic conditions, exhibits rapid biomass accum-

ulation, and efficiently assimilates nitrogen and 

phosphorus, making it particularly suited for waste-

water treatment. In Egypt, outdoor production rates of 

duckweed have been reported at 7-22 dry weight (DW) 

ha-¹ yr-¹ (Merah et al., 2025), and its biomass has long 

been used as a protein source for fish and livestock 

(Fourounjian et al., 2020). 

Despite extensive research, several knowledge gaps 

remain. Most previous studies have examined 

duckweed performance in either agricultural runoff or 

domestic sewage, often under single-season or single-

concentration conditions (Kubota et al., 2024), raw and 

diluted domestic sewage (Al-Ameen & Al-Taee, 2022). 

Far fewer studies have investigated the combined 

effects of wastewater type, dilution strength, and 

seasonal variation on nutrient removal efficiency and 

biomass productivity. Yet, these factors are critical for 

scaling duckweed systems under real-world conditions, 

where water quality and climatic seasonality can vary 

widely. Therefore, this study investigates the capacity 

of Lemna gibba to remediate nutrients and produce 

biomass under dual wastewater sources including 

agricultural drainage and sewage effluent, across 

different dilutions and growing seasons. Specifically, 

we evaluate the removal efficiency of major anions 

(Cl⁻, NO₃⁻, PO₄³⁻, SO₄²⁻) and cations (Ca²⁺, Mg²⁺, K⁺, 

Na⁺), alongside plant growth parameters (fresh and dry 

biomass, relative growth rate, crop growth rate, harvest 

index) and metabolic yields (carbohydrates, proteins 

and amino acids). By integrating wastewater type, 

concentration, and seasonality, this research provides 

novel insights into the ecophysiological adaptability of 

L. gibba and its potential role in sustainable wastewater 

management within arid and semi-arid regions such as 

Egypt. 
 
 

MATERIALS AND METHODS 
 

Experimental designs  

Lemna gibba: Selection and Collection 

Lemna gibba L. was selected for this study based on 

its rapid growth rate, which allows biomass renewal 

approximately twice per week, surpassing growth rates 

observed in other species within the Lemnaceae family 

(Iqbal et al., 2019; Harun et al., 2013). This free-

floating aquatic macrophyte is well-known for its high 

nutritional content and widespread distribution in 

freshwater ecosystems such as ponds, lakes, ditches, 

and slow-moving rivers enriched with elevated nutrient 

levels (Zeshan et al., 2016; Takács et al., 2025). Its 

ability to efficiently assimilate key nutrients, notably 

nitrogen and phosphorus, from surrounding water 

qualifies it as a potent biological agent for nutrient 

removal and wastewater treatment (Choo et al., 2023). 

Lemna gibba’s adaptability across variable aquatic 

conditions and its high nutrient uptake capacity 

underscore its efficacy as a sustainable, nature-based 

remediation tool (Foroughi et al., 2013). Owing to 

these characters, L. gibba has been extensively 

cultivated commercially, primarily within the private 

sector, and is a significant protein source for various 

fish species and small animals raised by numerous 

small-scale farmers (Fourounjian et al., 2020).  

 Specimens for the present study were collected from 

an enriched freshwater lake proximate to the Minia 

University campus during the spring season (April to 

May 2022) at coordinates Latitude 28°13'539" N, 

Longitude 30°70'264" E. Collected plants were 
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transported to the greenhouse facilities of the Botany 

Department, Faculty of Science, Minia University, 

Egypt. Morphological identification as Lemna gibba L. 

was identified following established taxonomic keys of 

Täckholm (1974) and Boulos (2005). 

In the green greenhouse, the collected duckweed was 

washed several times with running tap water in a large 

circular plastic sink to avoid contamination and remove 

debris. The plants were grown on tap water for 2 days 

for establishment and stabilization, and acclimatization. 

Healthy individuals were first immersed in 1.5% 

sodium hypochlorite (NaClO) for 3-4 minutes for 

sterilization and then rinsed with distilled water and 

taken for subsequent experiments. 
 

Wastewater types and sources 

Samples of both wastewater types were collected 

using sampling bottles at a depth of 50 cm from water 

surface. The first sample was collected from an 

agricultural canal (AG) nearby the campus, and the 

second from the inlet unit of the sewage wastewater 

treatment plant (SG) at Minia University campus. The 

approximate geographic coordinates for Minia 

University, Minia, Egypt, where the wastewater treat-

ment plant and agricultural canal sampling sites are 

located, are: Latitude: 28.1099° N and Longitude: 

30.7503° E. Collection was performed into six pre-

cleaned, large-sized polyethylene containers (each with 

a capacity of 20 liters), totaling 60 liters of each 

wastewater type. The samples were immediately 

transported to the laboratory. Prior to physicochemical 

analysis, the water samples were passed through glass 

fiber filters with a pore size of 10 μm to remove 

suspended solids. 

Cultivation and treatment groups 

Both wastewater types (agricultural wastewater, AG) 

and untreated sewage wastewater, SG) were manually 

diluted with tap water using a pre-sterilized glass rod 

prior to cultivation. Each container was planted with 4 

g fresh weight of Lemna gibba. Five experimental 

treatment groups were established separately for each 

wastewater type, as following:  

T0 (Control): 0:1 (100% tap water + 4 g fresh weight 

L. gibba); T1 (Diluted 1:3): 25% wastewater of each 

type + 75% tap water; T2 (Medium Dilution 1:1): 50% 

wastewater of each type + 50% tap water; T3 (Diluted 

3:1): 75% wastewater of each type + 25% tap water 

and T4 (Undiluted): 100% wastewater of each type, no 

tap water 

The experiment was conducted in triplicate (n=3). 

Each experimental container (pot) had dimensions of 

18 cm radius and 13.5 cm depth. Prior to use, all pots 

were disinfected by washing with 1.5% sodium 

hypochlorite (NaClO) solution for 3-5 minutes. They 

were then filled with wetland soil collected from a 

local pond to a height of approximately 5 cm. Each pot 

was subsequently filled with exactly 2 liters of the 

designated wastewater treatment and 4 grams of fresh 

weight L. gibba. The experimental setup was main-

tained under shade within a greenhouse, with a green 

plastic net suspended above the pots to provide 

approximately 50% shading from natural sunlight 

where L. gibba exhibited better growth under reduced 

light conditions rather than direct sunlight. 

A completely randomized design (CRD) with three 

replications was used. All pots were inoculated with 4 

g (fresh weight basis) of L. gibba. In total, 90 pots were 

used across the designed treatments (5 dilution water 

levels × 3 replicates × 3 seasons × 2 wastewater types). 

The study covered an entire growing season of 180 

days (April to September), with evaluations conducted 

at two-month intervals. The experiment was to assess 

the capacity of L. gibba to improve water quality and to 

monitor changes in its morphological and physiological 

properties in response to different pollutant levels.  
 

Physicochemical analysis of wastewater used 

 Physicochemical parameters of the surface waste-

water were analyzed at two-month intervals in each 

experimental cascade. Major ion concentrations were 

determined and expressed in mg/L. Values measured 

before phytoremediation were considered initial values, 

while those recorded afterward were designated as final 

values. Sodium and potassium concentrations were 

quantified using the flame photometry method 

(Williams and Twine, 1960). Calcium and magnesium 

levels were determined by versing titration methods 

(Schwarzenbach and Biedermann, 1948, Noaman et 

al., 2025). Phosphorus was measured calorimetrically 

as described by (Woods & Mellon, 1958). Chloride and 

nitrates were determined according to (Jackson, 1960). 

At the end of each experiment period (interval), the 

harvesting of duckweed is performed using a scoop net. 

The labelled plastic bags were used to transfer L. gibba 

L. from the specific wastewater concentration and 

season to the laboratory, washed several times with tap 

water, and distilled water to remove debris 

Biomass measurement and biochemical analysis of 

Lemna gibba 

The inoculated thalli were harvested from each 

labeled pot using a plastic strainer. The samples were 

then subjected to centrifugation twice for 30 seconds 

each in a salad spinner to remove excess water, 

followed by spreading on absorbent tissue paper for 10 

minutes. The biomass was quantified by measuring 

both fresh weight (FW) and dry weight (DW) at the 

end of each experimental period. Fresh weight was 

determined immediately using a high-precision scale. 

Subsequently, samples were dried at 60°C until 

reaching a constant weight, then weighed again to 

determine dry weight in grams. Dried duckweed 

samples were ground to a fine powder using an 

electrical household coffee grinder and sieved through 

a 0.5 mm mesh for frond extraction. A 0.5 g aliquot of 

dried tissue was boiled in 25 mL of distilled water for 2 

hours at 100°C using a water bath. 
 

Biochemical parameters were assessed as follows: 

reducing sugars (R.S.) were measured according to the 

Dubois et al. (1956) method; soluble proteins (Prot.) 

were determined using the Lowry et al. (1951) method; 

and amino acids (A.A.) were quantified following 

Moore and Stein (1948). These analyses were 
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performed on samples from all pots to evaluate the 

impact of wastewater treatment on the biochemical 

productivity of the experimental setups. However, the 

growth rate (RGR) was calculated following the 

methodology described by Tavares et al. (2010), while 

crop growth rate and harvest index were determined 

based on the procedures outlined by Mohedano et al. 

(2012). 

Statistical Analysis 

All data are expressed as the mean of three replicates 

per experimental condition and were analyzed using 

IBM SPSS Statistics version 20.0 (IBM Corporation, 

Armonk, NY, USA) at a 95% confidence level. A 

multivariate analysis of variance (MANOVA) was 

performed to evaluate the effects of different 

wastewater dilution levels (none, low, medium, high, 

and raw) on various water quality parameters and the 

growth rates of each system. This analysis aimed to 

determine whether significant differences existed 

among treatments across the measured characteristics. 

 

RESULTS 

 

Wastewater treatment efficacy of Lemna gibba 

across water types and seasonal changes 

The data obtained and their multivariate analysis that 

examining water types, dilutions, seasonality, and their 

interactions revealed significant effects (p ≤ 0.05) on 

all measured anions (Cl1-, NO3
1-, PO4

3-, and SO4
2-), as 

summarized in Tables (1 and 2). L. gibba demonstrated 

the capacity for growth and nutrient/ion remediation 

across wastewater of varying strengths in two water 

bodies. Remarkably, chloride (Cl1-) concentrations 

generally increased with rising water strength in all 

studied seasons and water types. The mean percentage 

reduction of Cl1- relative to the initial control value 

(100%) was slightly higher in sewage wastewater 

(mean = 67.47%) compared to agricultural runoff 

(mean = 65.69%), with reductions ranging between 

53.21%, 65.96%, and 78.81% across seasons 1, 2, and 

3, respectively. 

In sewage water, the mean Cl1- removal percentages 

were 61.13%, 71.26%, and 70.07% for seasonal 

treatments: S1, S2, and S3, respectively. Season 2 (S2) 

exhibited the highest chloride removal in both water 

types. Overall, chloride removal increased with water 

strength across all seasons and water types, except in 

sewage water during the first season, where this trend 

was not observed (Table 2). 

The performance of nitrate (NO₃⁻) removal exhibited 

a trend similar to that of chloride (Cl⁻), with minimal 

variation across seasons. The percentage of NO₃⁻ 

removal was higher in activated sludge (AG) 

wastewater (78.17%) compared to sewage (SG) 

wastewater (71.57%). Seasonally, S3 was identified as 

the most active period for nitrate removal across all 

water types, following the order: T4 > T3 > T2 > T1, 

except during the first season in SG. In AG water, 

nitrate removal percentages slightly varied with season, 

ranging from 74.28% at S1 to 78.76% at S2 and 

81.48% at S3, respectively (g/Fresh weight/L). On the 

other hand, SG wastewater demonstrated a lower mean 

nitrate removal at S1 (59.26%), with an increase up to 

80.30% during S2 and S3, indicating higher removal 

efficiency in these seasons. However, for phosphate 

(PO₄³⁻), the mean removal percentage was higher in 

AG wastewater (77.33%) than in SG (67.72%). In AG, 

PO₄³⁻ removal remained relatively consistent across 

seasons, with mean values of 75.13%, 78.91%, and 

77.95% in S1, S2, and S3, respectively. In SG, the 

mean removal was 64.36% at S1, 74.16% at S2, and 

64.65% at S3, with S2 representing the peak removal 

season. An inverse relationship was observed between 

water dilution and PO₄³⁻ removal efficiency; as dilution 

decreased, removal percentages increased in both water 

types across the seasons, except during S1 in SG. 

Regarding to sulfate (SO₄²⁻), removal percentages 

were higher in AG wastewater (78.93%) compared to 

SG (ranging from 85.55% in S1 to 73.52% in S3). In 

AG, the seasonal removal rates were 68.26% at S2 and 

S3. Notably, in SG, S1 was the most effective season 

for sulfate removal, with a removal rate of 85.55%, 

which decreased in subsequent seasons. As observed 

with other parameters, sulfate removal improved as 

water dilution decreased in both water types and across 

seasons, except during the first season in sewage 

treatment. 
 

Generally, the removal efficiencies indicate that AG 

wastewater exhibited higher removal rates for NO₃⁻ 

and PO₄³⁻, whereas SG wastewater achieved greater 

removal of Cl- and SO₄²⁻. Seasonally, S1 demonstrated 

the highest removal for SO₄²⁻ across all seasons, while 

S2 was most effective for Cl- and PO₄³⁻, and S3 for Cl⁻ 

and NO₃⁻. A positive correlation was observed, with 

increased removal rates corresponding to higher water 

strength, except in S1 under SG treatment. (Refer to 

Table (2) for kinetic parameters related to Cl⁻, NO₃⁻, 

PO₄³⁻, and SO₄²⁻.). 
 

Evaluation of cation removal efficiency  

Multivariate analysis of data obtained for wastewater 

treatment revealed that water type, dilution, season-

ality, and their interactions significantly influenced the 

removal efficiency of all measured cations, calcium 

(Ca²⁺), magnesium (Mg²⁺), potassium (K⁺), and sodium 

(Na⁺), with the exception of the effects of water type on 

Ca²⁺ and Na⁺, as well as the interactions between water 

type and seasonality on K⁺ and Na⁺, and water type and 

concentration on Mg²⁺ (Table 1). For calcium and 

magnesium removal, slight seasonal variations were 

detected. For Ca²⁺, the highest removal was recorded in 

the high-calcium water (SG) at 74.07%, compared to 

72.6% in the alternative water source (AG). The mean 

removal percentages across seasons were 76.68%, 

65.15%, and 73.96% for Ca²⁺ in AG, and 73.96%, 

73.59%, and 74.66% in SG for seasons S1, S2, and S3, 

respectively. Season S2 exhibited the lowest Ca²⁺ 

removal in both water types. A positive correlation was 

noted between water concentration and Ca²⁺ removal, 

with removal efficiencies increasing as concentration 

increased, across all seasons except AG during S1. 
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Table (1): Dynamic changes in water quality parameters across seasons and treatment groups through wastewater type. 

 
 

 

S1, S2 and S3, different season; T0, no treatment; T1, T2, T3 and T4, treatment with dilution of wasterwater used.   

 

 

 

 

 

Water 

type 

 

Measured 

Parameter 

(mg -1) 

Different worked seasons 

S1 S2 S3 

Treatment groups 

T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4  

                

A
G

 

CL-  16.67 58.82 52.38 48.00 31.52 46.67 45.00 37.93 31.43 22.84 46.67 29.41 25.00 20.00 10.30 

NO3  44.00 35.00 28.17 22.50 17.20 37.14 35.00 21.54 17.14 11.25 33.33 30.00 19.23 13.33 11.43 

PO4 20.00 29.27 28.26 25.45 19.40 44.44 26.83 21.15 20.63 15.71 33.33 28.57 25.00 20.00 14.59 

SO4
2- 28.57 36.36 30.77 26.67 20.00 46.15 45.00 36.67 30.00 22.00 37.50 30.00 23.08 17.65 10.00 

Ca 2+ 7.69 13.33 21.05 26.09 32.74 54.55 48.00 41.38 32.56 17.45 33.33 33.33 26.32 22.73 13.75 

Mg2+ 25.00 28.57 25.00 22.22 15.00 50.00 42.11 32.14 23.68 16.77 22.22 20.00 18.18 15.38 13.95 

K+  46.11 37.14 26.53 21.57 19.81 46.11 28.57 26.23 18.57 15.13 46.11 28.57 26.23 12.31 8.34 

Na+   33.33 26.67 17.00 12.61 10.58 33.33 30.00 23.01 19.86 18.46 50.00 47.50 35.83 29.46 13.88 

 

S
G

 

CL-  17.00 22.2 27.3 45.5 60.5 45.5 40.0 30.8 24.2 20.3 44.4 40.9 31.0 28.6 19.1 

NO3 18.20 28.6 37.8 46.6 50.0 42.9 31.7 26.9 21.5 19.0 42.9 25.5 22.6 17.3 13.3 

PO4 20.00 21.6 25.0 37.0 58.9 40.0 34.0 29.3 24.6 18.7 47.1 46.6 40.3 37.0 17.4 

SO4  7.70 10.0 13.2 13.1 21.4 38.5 29.3 24.6 20.8 14.2 38.5 31.6 28.1 26.9 19.6 

Ca 2+ 16.70 18.2 18.5 29.0 38.4 41.7 34.8 29.0 21.1 20.7 41.7 34.8 29.0 21.1 16.4 

Mg2+  17.90 20.0 38.5 42.9 48.7 54.5 46.2 31.6 22.1 16.8 54.5 46.2 31.6 29.2 18.8 

K+  18.20 20.0 30.4 40.0 49.1 45.5 40.0 27.3 23.3 17.2 45.5 40.0 27.3 23.3 12.9 

Na+   14.30 18.2 20.0 26.0 39.5 42.9 28.1 24.1 20.3 17.2 42.9 55.8 35.9 30.4 26.4 
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Table (2): Multivariate analysis of the effects of wastewater type, season, and dilution (concentration) and their interaction on water chemistry and biochemical parameters at 

significance levels (p≤0.05). 

 

 

Factor 
Measured minerals 

Biomass 

production ‡ 
biochemical constituents 

Cl- NO3
- PO4

3- SO4
2- Ca²⁺ Mg²⁺ K⁺ Na⁺ F.WT D.WT 

Carb. 

Content 

Prot.    

content 
A.A.† 

Water type 0.027 0.000 0.000 0.000 0.274 0.000 0.001 0.084 0.000 0.000 0.033 0.000 0.000 

Seasons 0.000 0.000 0.002 0.000 0.000 0.000 0.014 0.000 0.000 0.000 0.000 0.000 0.000 

Dilution used 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Interaction among factors 

Water Type * Seasons 0.000 0.011 0.000 0.000 0.000 0.000 0.296* 0.868 0.044 0.003 0.000 0.000 0.000 

Seasons * dilution used 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.002 0.000 0.000 0.000 

Water type * dilution 0.000 0.000 0.000 0.000 0.010 0.197* 0.000 0.003 0.103 0.218* 0.000 0.021 0.000 

Water type * Seasons * dilution 

used 
0.000 0.000 0.000 0.003 0.024 0.000 0.000 0.001 0.007 0.012 0.010 0.000 0.000 

 

‡ F.Wt, Fresh weight; D.Wt., Dry weight. †Car. content, Carbohydrate content; Prot content, Protein content; AA, Amino acid content. Values marked with an asterisk (*) as a superscript indicate non-significant 

differences. 
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For magnesium, the removal was higher in AG at 

77.25%, compared to 67.3% in SG. Seasonally, AG 

showed the highest removal efficiency during S3, 

followed by S1, and the lowest during S2, whereas SG 

displayed the opposite trend, with the highest removal in 

S2 and the lowest in S1. The obtained data indicated that 

increased water strength generally enhanced Mg²⁺ 

removal in both water types under all seasons, except in 

SG during S1 (Table 2). Meanwhile, for potassium, the 

average removal efficiency was higher in AG (77.51%) 

than in SG (70.76%). Seasonally, S3 exhibited the highest 

removal rates, with S1 being the lowest, and S2 showing 

intermediate values. An increase in water concentration 

corresponded with increased K⁺ removal across all 

seasons and water types, except in SG during S1. 

For sodium, the removal efficiency was higher in AG 

(76.24%) than in SG (71.54%). Parallel to other cations, 

Na⁺ removal increased with water strength in both water 

types across all seasons, except in SG during S1. 

Generally, for all cationic parameters, the removal rate 

(%) for (Ca2+, Mg2+; K+ and Na+), the removal rate (%) of 

these studied cations was higher in AG > SG except for 

Ca+2. Seasonality showed an irregular pattern, whereas 

water strength Ca+2 increased under all water strengths in 

all seasons except for AG at S1. And vice versa for Mg+2, 

K+, and Na+, which decreased under SG at S1. (Table 2). 
 

Evaluation of duckweed growth parameters in 

different water types and dilution levels 

Data obtained indicate that both water sources, AG 

wastewater and SG, possess comparable potential to 

support duckweed biomass accumulation, with nutrient 

composition significantly affecting growth rate and 

metabolic synthesis.  

Biomass production 

The data obtained for duckweed biomass demon-strates 

that both water types exhibit equal or higher potential 

for promoting vegetative growth (biomass) of L. gibba. 

The nutritive composition of each water type 

remarkably influences growth rate and metabolic 

activity within the treatment system. The recorded data 

indicate that both agricultural and sewage wastewater 

types support equivalent or enhanced vegetative growth 

(biomass) of Lemna gibba. The nutritive quality of these 

waters significantly influenced the growth rate and 

metabolic synthesis of the plant (Table 1, Fig. 1A-B). 

Fresh Biomass 

Data obtained and their multivariate analysis 

(MANOVA, Tables 1 and 2) revealed significant effects 

(p≤ 0.05) of treatments and their interactions on fresh and 

dry biomass, except for the interaction between water 

type and concentration. 
 

Agricultural wastewater  

Fresh biomass increased significantly with decr-easing 

dilution (increasing wastewater strength) in all three 

seasons. In season 1, fresh weight values were 123.81, 

152.11, and 191.47 g at dilutions T1, T2, and T3, 

respectively, declining at the highest strength (T4: 111.93 

g). Average fresh biomass increased by approximately 

144.83% compared to control during the first season and 

showed a similar trend in season 2 with a 152.2% 

increase. In the third season, biomass showed only a 

slight increase of 102.3% relative to control (Figure 1A). 

Season 2 exhibited the highest growth enhancement. 

Sewage Wastewater 

Fresh biomass increased with increasing wastewater 

strength during the first season, peaking at 187.25% at T3 

(75% strength) before declining below control at 

undiluted sewage (T4: 93.62%). The average across all 

dilutions was 136.9%. Season 2 followed a similar pattern 

but with higher increases (191.21%, 204.54%, and 

185.9% at T1, T2, T3 respectively), and decline at 

undiluted sewage (88.73%). Season 3 showed a steady 

increase with increasing wastewater strength up to 

141.34% at T4. On average, sewage wastewater 

treatments enhanced fresh biomass by 145.68%, more 

than agricultural effluents at 133.12%. Seasonality 

patterns were consistent across water types, with season 2 

showing the highest growth (S2 > S1 > S3). Among 

dilutions, T3 had the most pronounced positive effect 

(Figure 1B). 

Dry biomass 

Agriculture wastewater  

Figure (2A-B) presents the effects of different 

concentrations of AG on dry weight (g) across three 

seasons (S1, S2, S3). The dry weight values show a 

distinct trend, with the highest dry mass production 

observed predominantly at the 0.75 concentration during 

the first and second seasons, reaching up to 

approximately 350 g in S1. In contrast, the lowest dry 

weight was typically observed in the undiluted (1.0) 

treatment during all studied seasons, particularly in S3. 

Significant differences (p≤0.05) are among treatments 

within each season (Fig. 2A). 
 

 
 

 
 
 

Figure (1): Effect of seasons on fresh weight of Lima gibba in both 

used wastewater type. A, Agricultural wastewater. B, Sewage 
wastewater. 
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Dry weight production was generally higher in the 

second season compared to the first and substantially 

lower in the third season across all treatments, indicating 

a pronounced seasonal effect and a possible decline in 

plant performance or response to AG application under 

the tested conditions. This pattern suggests both 

concentration-dependent and season-dependent variations 

in biomass accum-ulation, underlining the significance of 

optimizing both factors to maximize yield. 
 

Sewage wastewater 
 

For treatment of sewage wastewater, at various 

concentrations (0.25, 0.5, 0.75, and 1), the dry weight 

production across three successive seasons was highly 

influenced. In both S1 and S2, dry weight was 

significantly (p≤0.05) increased in response to higher 

concentrations of SG, with the maximum value observed 

at 0.75 in S1 and at 0.5 in S2. However, the application of 

the highest concentration (T1) resulted in a marked 

reduction in dry weight, particularly in S2, suggesting a 

potential inhibitory effect at this level. In contrast, Season 

3 (S3) exhibited a markedly different response, with dry 

weight values across all designed treatments, including 

the control, converging to a narrower range and showing 

no significant differences (Fig. 2B). This pattern indicates 

a diminished impact of SG treatment during S3, likely 

reflecting a seasonal or environmental constraint on 

biomass accumulation that predominates the treatment 

effect.  
 

In summary, a very minor difference was calculated 

because of water strength on dry biomass production 

across seasonality, where AG (186.9% compared to 185 

% in SG). With positively enhanced dry weight 

production as a response to water dilution, where T3 is 

the most active concentration. Also concerning to 

seasonality of both water types were in the following 

order (S2>S1>S3) AG (249.7;188.99 and 121.9) whereas 

SG S3>S2>S1 (207.9; 188.83 and 158.12) and S2 is more 

active season in AG and S3 for SG and T3 is the highest 

effect among the dilution of both water types (Figure 2B). 
 
 

Relative growth rate (RGR) 
 

Data obtained (Fig. 3A-B) for RGR revealed that, at 

AG (292.64 %), and based on the effect of the mean 

average of water dilution on that parameter, it showed a 

great difference as a response to season, reaching up to 10 

times (532.4 %) in the 3rd season compared to the 2nd 

season (53.24 %). Regarding the AG wastewater strength 

(292.64%), it recorded an increase as water strength 

increased, and T3 had the highest effect at that water type, 

as well as S3 had a much higher RGR production 

(Fig.3A-B). In contrast, the SG treatment showed an RGR 

of approximately 140%, displaying variable seasonal 

trends. In season 2, RGR decreased as water strength 

increased, whereas in season 3, RGR increased with water 

strength. The highest RGR values were observed at T3 

(75%) across both water types, except under SG treatment 

during season 1, where the response differed. water 

dilutions, S3 consistently yielded the highest RGR values 

across both water types, and T3 was the most effective 

dilution in all cases, except for SG during season 1. These 

findings underscore the influence of water quality and 

seasonal variation on growth performance (Fig. 3B). 
 

 

 
 

 
 

Figure (2): Effect of seasons on fresh weight of Lima gibba in both used 

wastewater type. A, Agricultural wastewater. B, Sewage wastewater. 

 

 
 

 
 

Figure (3): Effect of seasons on relative growth rate of Lima gibba in 

both used wastewater type. A, Agricultural wastewater. B, Sewage 

wastewater.
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Duckweed Crop growth ratio (CGR g/m2/day) 
 

 

Data in figure (4) illustrate the key trends of the CGR 

on base of water types was higher in the SG (9.42 

g/m2/day or 328.57 %) as mean averages of water 

strength than AG (7.26 or 234.97 %) according to water 

dilutions in AG 25 % was the more effective 

concentrations among other dilution in both seasons 

except under SG at S3, and the 3rd season is more active 

in both water types. For SG, based on water dilution, it 

showed a varied crop growth rate, computed the highest 

CGR (8.12 g/m2/day or 199.08 %) in the 2nd season and 

(15.64 g/m2/day or 609.11 %) in the 3rd. But generally, on 

base of water types of SG>AG, regarding water dilution 

which has a negative effect (decrease in CGR as water 

strength increased) in both water types among all season 

except S3 and T1 is the more active dilution seasonality 

S3 registered the highest active season for seasonality SG 

was higher (328.57 %) than AG (234.97 %) in all water 

types. (Figure 4). 
 

Harvest index (H-index) of L. gibba (dry weight/fresh 

weight) 
 

Referring to the data present in Figure (5), we can say 

the mean average of AG wastewater concentration was 

134.29 % which was higher than that of SG (128.87) %. 

Compared to the control and in all cases, it showed an 

increase in harvesting index with an increase in water 

strength up to the highest level (75 %) in the 1st and 2nd 

seasons of both water types, except in the last harvesting 

season, where it showed a different pattern.in the 

following order (AG: T1>T2>T3 <T4 and SG: 

T3>T2>T4>T1.) S2>S1>S3 under AG. Regarding to H 

index under SG treatment, the data showed a variable 

effect of water strength at S1, where T3 had the highest 

effect on the H index. Both T2 &T3 had the highest effect 

at S2, while T1 &T2 had the highest H index at S3. In 

general, S3>S1>S2. 
 

The biochemical and nutritional value of Lima gibba 

The chemical composition and nutrient content of duck 

weed, such as protein concentration, carbo-hydrate levels, 

and amino acid profiles, reflect the nutritional value 

during its growth under different type of wastewater.  

Carbohydrate content 

Data presented in Table (3) elucidate that a slight 

difference was calculated on the mean average of water 

types and their strength among different seasons 

registered (2.68 and 2.76 g/m2/day) for AG and SG, 

respectively. Referring to the seasonality regardless of 

water strength, data confirm the under-AG treatments 

S1>S2>S3, whereas under SG, it was in the following 

order S3>S2>S1, and T3 was the most effective 

concentration among all AG dilutions in all seasons. 

While in SG it varies among different dilutions and 

seasons, whereas under SG, T3 and T2 are more effective 

water strengths for S1 and S2 S3 respectively. All 

recorded data for treatments and their interactions 

had highly significant effects on carbohydrate content of 

L.gibba (Table 3). 
 

 Protein content 

It was higher in SG (8.58 g/m2/day compared to 4.9 

g/m2/day under AG treatments). It was noticed that the 

protein yield has a proportional increased proportionally 

as water strength increased up to 75 % (high 

concentration), then decreased under all treatments except 

the yield at 100 % (raw SG) during the 3rd growth period. 

It is interesting to find that protein yield under all SG 

treatments was roughly less than 2 times, the protein yield 

was in the following order: S1>S2>S3, and vice versa 

was calculated under SG treatment, where S3>S2 >S1, i e 

S2 was in the middle in both water types (Table 3). 
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Figure (4): Effects of treatment concentration and season on crop growth rate of Lima gibba using agricultural (AG) and sewage (SG) 

wastewater. 
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Figure (5): Effects of treatment concentration and season on harvest index (H-index), expressed as dry weight/fresh weight, of Lima. gibba 

using agricultural (AG) and sewage (SG) wastewater. 
 

 

 

Amino acid content 

Data here showed a slight difference in A.A. yield, 

which was (0.5 & 0.4 g/m2/day) under SG and AG 

treatments, respectively. It was interesting to notice 

that the Amino acids yield positively increased as 

water strength increased up to 75 % (high 

concentration), then decreased under all treatments 

except the yield at 100 % (raw AG) at the 3rd growth 

period. According to the seasonality, data of the amino 

acids yield was in the following manner: S1>S2>S3, 

and vice versa was calculated under SG treatment, 

where S3>S1 >S2 (Table 3). 

 

DISCUSSION 

 

Nutrient Absorption Capacity 
 

Duckweed (Lemna gibba L.) demonstrated variable 

nutrient uptake efficiencies depending on the chemical 

and molecular structure of cations and anions. At low 

nutrient dosages, the removal percentage was generally 

low but increased with higher concentrations. This 

trend suggests that the active sorption sites were 

initially underutilized, but as nutrient availability 

increased, more sites became accessible, resulting in 

greater uptake efficiency (Yuzhen et al., 2023). Similar 

trends have been reported by many authors , they noted 

that L. gibba is nitrophilic and tolerant of high nitrogen 

levels, and that microbial conversion and sedimen-

tation also contribute significantly to N and P removal 

(Du Jardin, 2015; Delaide et al., 2019;  Varga  et al., 

2023). 
 

Effect of Wastewater Dilution and Seasonality 

Wastewater dilution influenced removal efficiency, 

with lower removal at low concentrations and 

improved uptake at higher nutrient levels. Seasonal 

variation further modulated this process, as abiotic  

 
 

stresses (temperature extremes, photoperiods) reduced 

growth rates and uptake efficiency. Duckweed fronds  
 

often displayed visual stress indicators such as 

anthocyanin accumulation (red coloration) and 

necrosis during harsh conditions, consistent with 

earlier observations (Paolacci et al., 2016)  and 

(Coughlan  et al., 2022). Initially, fronds were dark 

green with short roots, but as pollutants were 

consumed, plants became pale with elongated roots, 

reflecting nutrient limitation (Carvajal et al., 2023). 
 
 

Nitrogen Removal 

Nitrogen (especially NO₃⁻) removal was higher in 

this study than reported by (Agus et al., 2024)) 

Mechanisms included assimilation into biomass, 

nitrification-denitrification, volatilization of NH₃, and 

microbial biofilm activity in the root zone (Zhu et al., 

2025). Although wastewater in this study contained 

relatively low NO₃⁻ (due to a high proportion of gray 

water), removal remained substantial. This supports 

previous findings that duckweed can remove up to 

two-thirds of nitrogen directly, with the remainder 

attributed to microbial denitrification and sedimen-

tation (Zhao et al., 2015; Jiang et al., 2025). 
 

 

 

Phosphorus removal 
 

Phosphate (PO₄³-) removal was strongly influenced 

by wastewater strength, redox potential, pH, and 

temperature, in agreement with data obtained in a 

study done by Kristina and Markus (2025). Removal 

mechanisms included uptake by duck-weed biomass, 

adsorption to organic matter, precipitation with cations 

(Priya et al., 2012; Mohedano et al., 2012; Shen et al., 

2019). Our findings corroborate previous reports that 

duckweed accounts for ~75% of N and P removal in 

such systems, with microbial processes playing a 

supporting role. 
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Table (3): Effect of agricultural and sewage water treatments on carbohydrate, protein, and amino acid yield of Lima gibba at different concentration across seasonal growth 

cycles. 
 

 

Agri., Agriculture wastewater. T1, T2, T3 and T4, different dilution of wastewater as factor of water concentration. 

 
 

 

 

 

 

Treatment 

(Conc.) 

Carbohydrate Yield (g/m2/day) Protein Yield (g/m2/day) Amino acid Yield (g/m2/day) 

Agri (g/g.d.wt) Sewage (g/g.d.wt) Agri (g/g.d.wt) Sewage (g/g.d.wt) Agri (g/g.d.wt) Sewage (g/g.d.wt) 

Seasons 

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

Cont (T0) 0.54 0.21 0.44 0.32 0.78 1.07 1.58 0.49 1.50 1.14 1.31 3.42 0.13 0.03 0.05 0.04 0.05 0.39 

T1 (1:3)  0.83 1.27 0.55 1.10 1.62 4.27 1.60 2.77 1.64 2.07 5.00 14.44 0.16 0.20 0.08 0.10 0.25 1.02 

T2 (1:1) 4.47 1.72 0.76 3.60 3.09 4.06 10.15 3.81 2.44 6.61 7.47 16.33 0.78 0.23 0.13 0.55 0.45 0.62 

T3 (3:1) 13.75 2.27 2.47 5.32 2.50 3.98 20.86 3.85 4.29 8.79 8.50 18.24 1.60 0.30 0.39 0.69 0.50 0.61 

T4 (3:0) 1.90 0.76 1.43 0.71 0.62 2.30 1.22 1.52 4.63 1.28 1.91 12.26 0.16 0.17 0.58 0.17 0.16 0.33 

Mean 5.24 1.51 1.30 2.68 1.96 3.65 8.46 2.99 3.25 4.69 5.72 15.32 0.68 0.23 0.29 0.38 0.34 0.65 
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Sulphate and cation removal 

SO₄²⁻ removal followed the order T0 > T1 > T2 > T3 

> T4, indicating greater uptake at lower dilutions. 

Duckweed assimilation of sulphate contributes to the 

biosynthesis of sulfur amino acids, essential for protein 

formation (Abou Seeda et al., 2020). Similar findings 

were reported by (Li et al., 2025). Cation uptake 

(Ca²⁺Mg²⁺, K⁺, Na⁺) was also significant, as these ions 

are physiologically important for growth and contribute 

to ionic balance in aquatic systems (Yang et al., 2024). 
 

Biomass Production and Growth Performance 
 

Biomass productivity varied with nutrient conce-

ntration. L. gibba produced higher yields in nutrient-

rich wastewater compared to control water. However, 

extremely high nutrient levels inhibited growth, likely 

due to biofilm formation on roots and toxic effects of 

excess organic matter (Chen et al., 2025).  Seasonal 

growth patterns revealed initial stress (yellowing, 

necrosis), followed by recovery as degraded fronds 

released nutrients for regrowth. These results are in 

agreement with (Escobar & Escobar, 2017), who 

highlighted duckweed’s adaptability in nutrient-rich 

conditions. 
 

Biochemical yields and applications 
 

Protein and carbohydrate yields were significantly 

higher in wastewater setups than in controls. High 

protein content highlights the potential of L. gibba as 

an aquaculture feed resource, though care must be 

taken regarding heavy metal accumulation. Elevated 

carbohydrate levels suggest utility in bioenergy 

production (Desai et al., 2024; Ge et al., 2012). 

Whereas, under SG, T3 and T2 are more effective 

water strengths for S1, S2 and S3, respectively. All 

recorded data for treatments and their interactions were 

recorded (Table 3). Duckweed starch accumulation 

under nutrient stress provides additional advantages for 

biofuel applications. Biomass productivity and 

biochemical profiles were influenced by nutrient load, 

temperature, and photoperiod, consistent with (Merah 

et al., 2025). 
 

Implications for wastewater treatment and resource 

recovery 
 

Overall, L. gibba effectively removed N, P, SO₄²⁻, 

and cations, while producing high-value biomass rich 

in protein and carbohydrates. This dual role makes 

duckweed a promising candidate for integrated waste-

water treatment and resource recovery systems (Takacs 

et al., 2025). However, optimization of factors such as 

plant density, hydraulic retention time, light, and 

seasonal management is essential for large-scale 

applications. Future studies should focus on defining 

optimum nutrient ranges, assessing long-term 

productivity, and minimizing potential risks such as 

greenhouse gas emissions (Mohedano et al., 2019; 

Kupper et al., 2020). 

 

CONCLUSION 

 

This study highlights the need for further research to 

demonstrate Lemna gibba’s potential as an effective 

solution for wastewater remediation and to harvest a 

large biomass production with high nutritive values. 

The crisis of freshwater is one of the growing concerns 

at the beginning of the twenty-first century that needs 

the integrate duckweed Lemna gibba as a powerful tool 

into wastewater-duckweed sites, contributing to a 

circular economy and supporting sustainable aqua-

culture. Duckweed may be the most effective plant for 

purifying water. Because of its high rate of rapid 

growth, high dry matter accumulation, and excellent 

environmental adaptability. Duckweed is a cheap and 

eco-friendly way to stop pollution in the environment 

and protect terrestrial and aquatic ecosystems through 

phytoremediation. Offer promising, eco-friendly 

solutions for wastewater purification and nutrient 

recovery through phytoremediation. Adaptability and 

high biomass yield enable efficient removal of various 

ionic elements and anthropogenic pollution, making 

them suitable for industrial and municipal water 

treatment. Water resources are under threat because of 

the growing population. The increasing generation of 

wastewater effluents (municipal, industrial, and 

agricultural) in developing countries, especially in 

Egypt, has the potential to serve as an alternative to 

freshwater resources for reuse in other purposes (crop 

and vegetables), as one of the big challenges for our 

country, especially after the Grand Ethiopian 

Renaissance Dam (GERD). Lastly, duckweeds have 

made a great contribution in wastewater purification as 

a contaminant-absorbing agent, producing high 

amounts of fresh and dry biomass with high nutritive 

values. The data showed the highest ion removal 

efficiency in AG than SG, and Vice versa for the 

biomass production and metabolites. The second 

season (S2) and high water strength (T3) were the most 

active parameters. Overall, L. gibba demonstrated 

strong phytoremediation capacity and produced 

nutrient-rich biomass suitable for aquaculture or 

bioresource applications. Therefore, further studies 

could be directed to conduct on utilizing duckweeds in 

different wastewater effluents.  
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عدس الماء لمعالجة مائية تكامل ديناميكيات المواسم ومعالجة مياه الصرف مع انتاج الكتلة الحيوية لنبات 

 مستدامة

 

 
 ناصر أحمد بركات، شيرى أشرف حبيب ووليد وحيد نظير

 مصر -المنيا –قسم النبات والميكروبيولوجى كلية العلوم جامعة المنيا 

 

 

 الملخص العربي
 

 

لة انعدام الأمن الغذائي. وفي هذا الصدد جذبت تقنيات الزراعة مع استمرار ارتفاع عدد سكان العالم، أصبح من الأهمية مواجهة مشك

عدس الماء نبات  .هــاالمي مصــادر تلو مشاكل لحل بدون تربة مثل الأنظمة المائية والأنظمة الهوائية الكثير من الاهتمام كإجابات قابلة للتطبيق

شارت دراسة تكامل ديناميكيات التباين مائي كبير صديق للبيئة يتميز بقدرة عالية لمعالجة مياه الصرف وتعظيم الاستفادة من كتلته الحيوية. أ

الموسمي ونوع المياه المستخدمة تحت ظروف الصوبة الزجاجية باستخدام نوعين من مياه الصرف الزراعي والصحي بتركيز خمس مستويات 

نتائج أن كفاءة إزالة العناصر لثلاث مواسم متباينة النمو مدتها ست أشهر لكفاءة إزالة المغذيات ودلائل مظاهر النمو النباتي. وقد أظهرت ال

 الذائبة أعلى في مياه الصرف الزراعي عنها في الصرف الصحي فيما عدا نسبة إزالة الكلوريدات والكبريتات الذائبة. كما أن أنتاج الكتلة

اف كما تأثر معدلي النمو الحيوية الطازجة كانت أعلى في النباتات النامية في مياه الصرف الصحي عن الزراعي والعكس بالنسبة للوزن الج

( هو 3( هو أعلى المواسم إنتاجية وأن التخفيف رقم )2النسبي ونمو الكتلة الجافه بالتغاير الموسمي والذي أوضح أن موسم النمو الوسطى )

روتينات والسكريات أعلى الأكثر فاعلية. كذلك أيضا أظهرت نتائج قياس الدلائل الفسيو كيميائية لمستخلص النسيج الجاف للنبات أن تراكم الب

تحت تأثير مياه الصرف الصحي من الزراعي. والخلاصة فإن هذه النتائج أظهرت قدرة كفاءه فاعلية هذا النبات في معالجة مياه الصرف 

 امة.المستخدمة وتراكم كتلة حيوية غنيه كمورد حيوي وهذا يرشح بقوه استخدام هذا النبات كمصدر قليل التكلفة لبيئة مائية مستد

 

 

 

 

 

 

 

 

 

 
اتية في تسع وحدات تجريبية لزراعة الأمن الغذائي الناجمة من التوسع السكاني. ولقد هدفت هذه الدراسة الى تقييم فاعلية استخدام المغذيات النب

 2020والزراعة الهوائية  باستخدام مياه مخلفات مزارع سمكية مالحة كوسط مغذي في الفترة الزمنية ما بين نوفمبر  الطماطم تحت نظامي الزراعة المائية

مصر. وقد تم استخدام مياه مخلفات مزارع  -الإسماعيلية -لسويسجامعة قناة ا -كلية العلوم -في الريفي تك بقسم النبات والميكروبيولوجي 2021حتى فبراير 

. ومن خلال قياس الوزن الجاف للنباتات، طول المجموع الجذري و الخضري ، عدد الأزهار  1-مجم. لتر  3500و  2000سمكية بتركيزين ملوحة وهما 

وفما يتعلق  .النتروجين والفوسفور و البوتاسيوم فى أجزاء النبات المختلفةتحليل وعدد ووزن الثمار. تم تقييم النضج الفسيولوجي للنباتات الطماطم كما تم 

جي. كما أظهرت النتائج بكفاءة استخدام المغذيات النباتية في النظام المائي والهوائي أظهرت النتائج أن نباتات الطماطم لها درجات مختلفة من النضج الفسيولو

مجم  3500سم عند استخدام نظام الزراعة الهوائي أما مع استخدام مياه مخلفات مزارع سمكية بتركيز  130كان أن أطول مجموع خضري لنبات الطماطم 

سم. وبالمقارنة مع نظام الزراعة المائي أظهر نظام الزراعة الهوائي أطول مجموع جذري وأعلى تركيز  59.57لتر كان أقل طول مجموع خضري /

 7.92كانت مستويات البوتاسيوم لديها  1-مجم.لتر 2000لطماطم في مياه مخلفات المزارع السمكية المالحة بتركيز للنيتروجين. وعند زراعة نباتات ا

. كما لم يلاحظ أي فروق معنوية في مستويات الفوسفور داخل النباتات  1-مجم.كجم 6.72أعلى من تلك الموجودة في نظام الزراعة المائي  1-مجم.كجم

 .1-مجم. لتر  3500و  2000اه مخلفا مزارع سمكية مالحة بتركيزي المزروعة باستخدام مي

 

 

 

 




