



Bioremediation Potential of Fleurya aestuans (West Indian Wood Nettle) assisted by Fungi in Heavy Metal-Contaminated Soil
Abstract
[bookmark: _GoBack]Heavy metal contaminated soil caused by pesticides, industrial pollution, and atmospheric deposition has harmful impact on the environment, posing a risk to human health, and affecting food safety. Physiochemical and convective methods to remediate contaminated soil are often costly and harmful to the environment, but plant extraction is an important alternative cost-effective and eco-friendly method. This study investigated the potential of Fleurya aestuans and fungi to bioaccumulate selected heavy metals from simulated soil. Soil analysis was performed in parts per million (ppm) before adding heavy metals to samples and F. aestuans was grown on 15 soil samples collected from Chrisland University, each weighing 5.5 kg. Three replicates of soil samples contaminated with 10g/kg of cadmium (Cd), copper (Cu), lead (Pb) and composite of all heavy metals (Ahm) were simulated, and used to evaluate the extraction capacity of F. aestuans. Three control experiments were also performed without contaminating soil samples with heavy metals. Fungi and yeasts were isolated from soil samples simulated with Pb, Cu, Cd, Ahm, and controls, and screened to determine their tolerance to heavy metals selected by spectrophotometry. Aspergillus niger II was identified as the most tolerant fungal isolate and was used as a bioremediator. After harvest, the concentration of tested heavy metals in roots, shoots and soil samples were detected to recognize the bioaccumulation capability. Duncan’s multiple range test was followed to analyze the obtained data. The results indicated significant variation in the metal uptake across treatments. Cd recorded the highest concentration in the root and shoot of F. aestuans grown on Cd simulated soil with A. niger. This study shows that F. aestuans in conjunction with Aspergillus had a mutual association in bioaccumulating Pb and Cu. As a result, the selected plant was found a good bioaccumulator for heavy metal extracted from contaminated soils.
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Introduction
Soil contaminated with heavy metals has caused large global environmental issues due to the large-scale and long-term application of hazardous wastes caused by the development of industries (Zhang et al., 2020). Industrialization, urbanization and other development activities have witnessed pollution as one of the adverse effects (Akyengo et al., 2019; Inalegwu et al., 2020). The quality and functions of soils can be affected by both inorganic and organic contaminants, heavy metals, pesticides, petroleum hydrocarbon. Among various pollutants, heavy metals pose significant environmental and health risks due to their toxicity, persistence, and bioaccumulation (Wilson, 2024). 
Heavy metals are metallic elements with a density that is higher than that of water (Ayesa et al., 2018). Heavy metals originate from either natural or anthropogenic such as soil erosion, fossil fuel combustion, mining, and pesticide application (Liu, et al., 2018). The general process and approach used by researchers to decontaminate pollutant from the environment include physicochemical and biological approaches. The physicochemical approaches use non-living organisms to clear pollutants, the biological approaches use only living things such as microorganisms and plants (Usman et al., 2019; Jato et al., 2023). Bioremediation is an innovative and sustainable approach to addressing environmental pollution, leveraging biological processes to remove or neutralize contaminants (Wilson, 2024). 
Fleurya aestuans belong to family Urticaceae, an erect annual monoecious herb, commonly known as West Indian nettle, tropical nettle, and nettle up to 1.5 m high, with long, stiff, sometimes stinging hairs that reproduces from seeds (Ademola, 2020). It is a common plants to Africa and have proven to be of great benefit to man in various ways such as animals pasture, traditional medicine, pest control, horticulture and have been reported to strive under varied conditions including polluted sites (Jato et al., 2023).The pulped whole plant is eaten or the plant sap is drunk as an anthelmintic and for the treatment of hernia (Ademola, 2020).
Fungi are capable of breaking down a wide range of pollutants, including heavy metals, pesticides and industrial chemicals, making them assuring solution for environmental remediation (Barouch, 2024). Some fungi are super-enriched organisms that are described as suitable bioremediation agents to counteract environmental pollution of toxic metals (Li et al., 2020). As a result of their intra and extracellular enzymatic machinery and ability to excrete acids, fungi are able to attack and metabolize a wide range of compound classes comprising inorganic and organic pollutants (Vaksmaa et al., 2023). 
A key driver of plant-microbe research is the immense potential for its application in sustainable agriculture (Nadarajah et al., 2021; Ekundayo et al., 2026). Microorganisms and plants can accumulate heavy metals in their tissues, as certain bacteria and fungi can uptake heavy metals from their environment and store them intracellularly. Also, plants known as hyper accumulators can absorb high levels of heavy metals from the soil and concentrate them in their tissues (Wilson, 2024). Plants actively shape the microbial communities by releasing a vast array of allelopathic substances, particularly from their roots (Jain et al., 2024). The combined use of both microorganisms and plants for the remediation of polluted soils results in a faster and more efficient clean-up of the pollutant (Chukwumati & Ikiriko, 2023). Employing the integrated use of plant and fungi for heavy metal removal from the contaminated soil overcomes the obstacles that a single organism may face offering a more effective and suitable approach for the remediation of contaminated soil. Therefore, this study used Fleurya aestuans and fungi as an eco-friendly means to remediate heavy metal contaminated soil. 
Materials and method
Experimental Design 
The experiment was carried out at the Microbiology laboratory, Chrisland University, Owode, Abeokuta, Ogun state. The experiment adopted a complete randomized design with three replicates.
Sample collection
The seeds of Fleurya aestuans were collected from the natural population while soil samples were collected from Chrisland University.  
Isolation of Fungi from soil simulated with heavy metals
 Soil samples simulated with different heavy metals were serially diluted by weighing 1 gram of each soil into a sterile 50 mL beaker containing 9 mL of normal saline water. The beaker was agitated to homogenize the suspension (ASM, 2005). Thereafter, 1 mL aliquot from 10-1 dilution was transferred into another beaker containing 9 mL of normal saline water to obtain 10-2 dilution. Further dilutions was made until 10-5 dilution was obtained (ASM, 2005). From 10-4 dilution, 1 mL of the inoculum was plated into sterile petri dish after which potato dextrose agar was added and incorporated with 1% chloramphenicol using pour plate method and then incubated at 28oC for 72 hours (Collins & Lyne, 2004). The 1% chloramphenicol was added to inhibit bacterial growth. A Similar method was done for the control soil samples (Joshni et al., 2011). After the incubation period, the plates were observed for growth on the media and expressed as the colony forming unit (CFU) for each plate through the formulae:
CFU = Number of colonies per plate x dilution factor 
                       Volume of aliquot used
The isolated and distinct colonies on the media were subcultured repeatedly on Potato Dextrose Agar for purification. Colonies differing in morphological characteristics was selected, purified and then preserved for further studies (Joshni et al., 2011). All pure cultures of fungal isolates were inoculated and maintained on PDA slants and stored at 4oC in the refrigerator (Collins & Lyne, 2004). 
Identification and Characterization of Isolates
The fungal isolates were subjected to standard microbiological methods based on the morphological characteristics of the colony (form elevation, margin, colour) (Gaddeyya et al, 2012). 
Tolerance of Fungal isolates to Heavy metals 
The tolerance of fungal isolates regarding different concentrations of heavy metals was determined using the method of Karthik et al., (2017) with little modification. Each fungal isolates were inoculated on Potato Dextrose Broth medium with heavy metal salts (Cd, Cu, Pb) with 0, 400, and 800µg/mL and grown in a shaker incubator (200 rpm) at 37oC for 5 days. The optical density (OD) of the culture aliquots was measured (at k = 620 nm) using a UV spectrophotometer to determine the fungal cell growth. The most tolerant fungal isolates were used as a bioremediating agent during the growth assay.
Soil Treatment
The soil samples obtained from Chrisland University were air-dried for 2 days and later sieved with 2 mm wire mesh. The soil samples were transferred into 15 experimental pots weighing 5.5 kg. Three soil samples were simulated with 10 g of Cadmium, copper and lead each totalling 12 simulated soil samples. Also, three soil samples without contamination were used as control. Likewise, composite of all heavy metals (Ahm) in equal proportion were introduced into three soil samples. A total of 20 ml fungal broth was added to 80 ml of distilled water in a beaker to make 100 ml solution. They were then added to the experimental pots labelled in 1 and 3 respectively. A total of 10 seeds of Fleurya aestuans were planted into each experimental pot. Plants were observed for growth and the growth parameters were measured and recorded.
Growth Parameters of Fleurya aestuans
The plant growth parameters studied and measured include shoot length, root length, stem girth and plant biomass after maturity. Meter rule was used to measure shoot length, root length, and weight was carried out using electronic digital weighing balance. 
Analysis of Heavy Metals
Digestion of Plant Samples
The plant sample 1g was air-dried to a constant weight after which they were ground into powder. Plant samples were first pre-digested into HNO3 followed by digestion in a 3:2 diacid mixture HNO3 and HClO4. Deionized water was added followed by filtration with Whatman no.1 filter paper. The digestate was then diluted appropriately and analyzed for mineral uptake using AAS Buck scientific VGP 2010 model (Deo et al., 2011).
Digestion of Soil Samples 
With nitric acid and perchloric acid, 1g of soil is digested in 1:1, mixture of concentrated perchloric acid and nitric acid and the mixture is evaporated to dryness in hotplate and the residue is dissolved in 5ml of 2M and filtered through Whatman no. 42 filter paper into a 100-ml volumetric flask. The mixture in the 100ml volumetric flask was further diluted with deionized water to the 100ml mark (Amusan et al., 2003).
Statistical tool to be used in analyzing
[bookmark: _Hlk80969515]Each experiment was completed in triplicate (n=3). Results were shown as mean ± standard error. Experimental data were analyzed using atomic absorption spectrophotometer after digestion with aqua regia. While the descriptive analysis was done using statistical software SPSS version 16.0. Heavy metals concentration in control and experiment were compared using Duncan Multiple Range Test.
Results and Discussion
Concentration of Heavy Metal in Soil before and after Pollution
In the present study, the values of heavy metal concentration before simulation were 1.8mg/kg (Cd); 5.2mg/kg (Cu); 2.4mg/kg (Pb). Copper had the highest value followed by Pb and Cd (Table 1). After pollution of soil sample, cadmium had 942.88, copper 612.60 and lead 962.32. Lead had the highest value followed by Cd while Cu was least (Table 1). 
The total heavy metal present in the soil were: 944.68mg/kg for Cadmium, 617.80mg/kg for copper, 964.73mg/kg for lead and 512.96mg/kg for all heavy metals (Figure 1). All the heavy metals analysed in the soil were more than the values reported in the work of Ayesa et al., (2018) and Zurek et al., (2013) who recorded Cd value range of 0.08 - 12.7mg/kg, Pb of 1.4 – 304.5mg/kg, Cu 2.54 – 3.04mg/kg and Zn 167.5mg/kg. 
Enumeration of Fungi Isolate
In the present study, a total of 7 fungal isolate were obtained from the soil. The abundance of fungi varied across the soil samples. Cadmium (Cd) had the highest microbial load with a total fungal count of 101 after soil simulation. This was followed by Control (Ctrl) 84.3, All heavy metals (Ahm) 80.3, Copper (Cu) 73.0 and lead (Pb) had the least value 71.7 (figure 2). Studies have shown that Aspergillus sp. and Penicillium sp. can exhibit high Cd tolerance in heavily contaminated sites. Fungi display excellent metal-binding capacity to reduce the stress, Cadmium is a non-biodegradable and tends to accumulate in living organisms (Hongmei et al., 2015). 

Morphological Identification of Fungal Isolates
A total of seven (7) fungi isolates were selected for preliminary identification based on different morphology on the slant. Colonies of each fungal isolate had significant differences (Table 2). The fungi colonies were differentiated in terms of form, elevation, margin and color respectively. In the Cu-simulated soil (S1), colonies were rhizoid, convex, undulate, blue-green, was suspected to be Aspergillus fumigatus. In the Ahm-simulated soil (S2), colonies were filamentous, raised, entire, yellow brown, which was suspectedto be Aspergillus terreus I in Cd-simulated soil (S3), colonies were irregular, raised, lobate, cream, which was suspected to be Saccharomyces cerevisiae. In the Ahm-simulated soil (S4), colonies were filamentous, flat, filiform, black, which was suspected to be Aspergillus niger I. In the Cu-simulated soil (S5), colonies were irregular, convex, lobate, honey brown, which was suspected to be Candida albicans. In the Pb-simulated soil sample (S6), colonies were filamentous, flat, filiform and black, which is suspected to be Aspergillus niger II. In the Ctrl soil (S7), filamentous, raised, entire, yellow brown, which was suspected to be Aspergillus terreus II (Table 2). The identification of S1, S2, S4, S6, and S7 agrees with the standard morphological description of Aspergillus sp. (Sule et al., 2022; Klich, 2002). 
Tolerance of Fungal isolates to Heavy Metals at Different Concentrations
The tolerance of fungal isolates to heavy metals at different concentration was shown in Table 3. For broth prepared at 0g, Aspergillus niger II had the highest optical density with 1.7µg/mL. Followed by Aspergillus terreus II and Saccharomyces cerevisiae with 1.1µg/mL, Candida albicans and Aspergillus terreus I with 1.0µg/mL, Aspergillus fumigatus with 0.7µg/mL and the least was recorded for Aspergillus niger I with 0.2µg/mL (Table 3)..For broth prepared with Cd at 400 µg/mL, the highest optical density was recorded for Candida albicans at 0.1310µg/mL and the least was recorded for Aspergillus terreus at 0.0277µg/mL. At 800µg/mL, Aspergillus fumigatus had the highest optical density at 0.1803µg/mL and the least was recorded for Aspergillus terreus I at 0.0493µg/mL (Table 3). 
For broth prepared with Cu at 400µg/mL, the highest optical density was recorded for Saccharomyces cerevisiae at 0.1913µg/mL and the least was recorded for Aspergillus niger I at 0.1440µg/mL. At 800µg/mL, Aspergillus terreus I had the highest optical density at 0.2733µg/mL and the least was recorded for Aspergillus terreus II at 0.1933µg/mL (Table 3). For the broth prepared with Pb at 400µg/mL, the highest optical density was recorded for Aspergillus niger II at 0.3520µg/mL and the lest was recorded for Aspergillus fumigatus at 0.1370µg/mL. At 800µg/mL, Aspergillus niger II had the highest optical density at 0.9633µg/mL and the least was recorded for Aspergillus fumigatus at 0.1390 (Table 3). The result depicted that specific fungi isolates showed different levels of tolerance behavior to the heavy metals used in this study. Fungi species were reported to have greater potential for remediation by virtue of their aggressive growth, greater biomass, production and extensive hyphae reach in the soil (Sule et al., 2022). 
Growth Estimate of Fleurya aestuans
Growth estimate was considered to show the tolerance of Fleurya aestuans grown on the simulated soil. For the measurement of Fleurya aestuans growth parameters such as; root length, shoot length, fresh weight, dry weight and plant height were considered. 
Fleurya aestuans grown on control soil samples with A. niger had plant height recorded at (33.7cm), shoot length (22.25cm), root length (11.45cm), fresh weight (5.11cm) and dry weight (1.52cm). The growth parameters and values for control soil samples without A. niger were plant height (58.2cm), shoot length (43.75cm), root length (14.25cm), fresh weight (18.73cm) and dry weight (6.35cm). (Table 4).
Fleurya aestuans grown on Cd-simulated soil samples with A. niger had plant height recorded at (22.5cm), shoot length (13.45cm), root length (9.05cm), fresh weight (4.71cm) and dry weight (1.23cm). The growth parameters and values for control soil samples without A. niger was recorded as no growth. (Table 4) 
Fleurya aestuans grown on Cu-simulated soil samples with A. niger had plant height recorded at (37.8cm), shoot length (24.8cm), root length (13.0cm), fresh weight (9.19cm) and dry weight (1.12cm). The growth parameters and values for Cu-simulated soil samples without A. niger were plant height (13.2cm), shoot length (8.8cm), root length (4.4cm), fresh weight (0.51cm) and dry weight (0.48cm). (Table 4) 
Fleurya aestuans grown on Ahm-simulated soil samples with A. niger had plant height recorded at (23.3cm), shoot length (12.7cm), root length (9.6cm), fresh weight (14.04cm) and dry weight (2.39cm). The growth parameters and values for Ahm-simulated soil samples without A. niger were plant height (12.2cm), shoot length (8.0cm), root length (4.2cm), fresh weight (1.13cm) and dry weight (0.58cm). (Table 4) 
Fleurya aestuans grown on Pb-simulated soil samples with A. niger had plant height recorded at (34.4cm), shoot length (19.4cm), root length (15.0cm), fresh weight (19.68cm) and dry weight (7.13cm). The growth parameters and values for Pb-simulated soil samples without A. niger were plant height (39.9cm), shoot length (27.1cm), root length (12.8cm), fresh weight (23.56cm) and dry weight (10.68cm). (Table 4). The study indicated that the growth of Fleurya aestuans was greatly influenced by A. niger in both controlled and contaminated soil, A. niger act as the bioremediator agent reducing the toxicity of  heavy metal (Cd, Cu, Pb,) on the height of Fleurya aestuans. 

Concentration of Heavy Metals in the Shoot of Fleurya aestuans.
After harvesting, the highest Cd concentration grown on Cd-simulated soil with A. niger shoot of Fleurya aestuans was 1.36mg/kg, followed by Pb-simulated soil without A. niger at 1.13mg/kg. The least was recorded in the shoots of Fleurya aestuans grown on Cu-simulated soil with A. niger and control with A. niger at 0.10mg/kg. There were significant differences among the treatments (Table 5).
For Cu, the highest concentration was recorded in the shoot of Fleurya aestuans grown on Ahm-simulated soil without A. niger and Pb-simulated soil without A. niger at 2.20mg/kg, followed by Fleurya aestuans grown on Cu-simulated soil without A. niger at 2.13. The least was recorded in the shoot of Fleurya aestuans grown on Ahm-simulated soil with A. niger at 0.73mg/kg (Table 5). There were significant differences among the treatments (Table 5)
For Pb, the highest concentration was recorded in the shoot of Fleurya aestuans grown on Pb-simulated soil without A. niger at 7.70mg/kg, followed by Ahm-simulated soil without A. niger at 3.00mg/kg. The least was recorded in the shoot of Fleurya aestuans grown on control with A. niger at 0.66mg/kg. There were significant differences among the treatments. (Table 5). This result aligns with findings by Parasakthi et al, (2023) who observed that microbial activity can immobilize heavy metals, reducing their transfer to shoots. It also indicated that A. niger accumulated heavy metals differently, vary in their metal uptake depending on the metal and the binding capacity (Magajiya, et al., 2025).
Concentration of Heavy Metals in the Root of Fleurya aestuans.
After harvesting, the highest Cd concentration grown on Cd-simulated soil with A. niger root of Fleurya aestuans was 2.36mg/kg, followed by Pb-simulated soil without A. niger at 1.46mg/kg. The least was recorded in the root of Fleurya aestuans grown on Control soil with A. niger at 0.13mg/kg. There were significant differences among the treatments (Table 6).
For Cu, the highest concentration was recorded in the root of Fleurya aestuans grown on Ahm-simulated soil without A. niger at 4.03mg/kg, followed by Fleurya aestuans grown on Cu-simulated soil without A. niger at 3.83. The least was recorded in the root of Fleurya aestuans grown on Ahm-simulated soil with A. niger at 0.96mg/kg (Table 6). There were significant differences among the treatments (Table 6)
For Pb, the highest concentration was recorded in the root of Fleurya aestuans grown on Pb-simulated soil without A. niger at 8.96mg/kg, followed by Pb-simulated soil with A. niger at 7.13mg/kg. The least was recorded in the root of Fleurya aestuans grown on control with A. niger at 1.06mg/kg. There were significant differences among the treatments. (Table 6). In this study, F. aestuans in conjunction with Aspergillus had a mutual association in bioaccumulating Pb and Cu. The root and shoot of plants in each simulated bucket varied greatly from each other due to the various treatment added. The findings of Jato et al., 2023 revealed  that L. aestuans accumulated more metals than S. africana, the accumulation of Cd in the plant root may be due to its binding in cell walls, compartmentalization in vacuoles and complexation with metal binding proteins and peptides, are strategies employed by plants, at least in part, to face unavoidable stress conditions.
Concentration of Heavy Metals in the Soil after Harvesting.
After harvest, soil samples were subjected to post analysis to know the level of heavy metal concentration retaining in the soil. For Cadmium, Cu-simulated soil sample without A. niger had the highest concentration at 60.00mg/kg, followed by Pb-simulated soil sample without A. niger at 53.30mg/kg. The least concentration of Cd was recorded for control soil sample with A. niger at 11.70mg/kg (Table 7). For Copper, Cu-simulated soil sample without A. niger had the highest concentration at 71.7mg/kg, followed by Cu-simulated soil sample with A. niger at 66.7mg/kg. The least concentration of Cu was recorded for control soil sample with A. niger at 16.7mg/kg (Table 7). 
For Lead, Pb-simulated soil sample without A. niger had the highest concentration at 135mg/kg, followed by Ahm-simulated soil sample without A. niger at 113mg/kg. The least concentration of Pb was recorded for control soil sample with A. niger at 28.3mg/kg (Table 7). The findings revealed that A. niger has shown to effectively reduce the growth of heavy metals (Cu, Cd and Pb) contaminated soils. This align with the results of Magajiya, et al., 2025 who observed that Trichoderma generally promoted the best plant growth, especially in Cd and Ni amended soils, while Aspergillus and Penicillium had mixed effects the fungi also played a significant role in metal uptake A. niger enhanced the accumulation of Cr, Pb and Ni in roots. 
Conclusion and Recommendation
This study showed that Fleurya aestuans reduced heavy metals in simulated soil and thus it can be used for phytoremediation of heavy metals in polluted soils. Aspergillus niger together with F. aestuans played a vital role in cleaning up the soil to a very large extent thus, it can be used for bioremediation of heavy metals in polluted soils.
Based on the findings from the study, Fleurya aestuans should be added to phytoremediators. Owing to the refusal of growth from Cd-simulated soil without organisms, we recommend that Aspergillus niger in conjunction with Fleurya aestuans should be used for remediation. Also, there is a need for proper dissemination of information to society especially industries regarding the hazards of this heavy metal to the health after being consumed from foods grown on such contaminated sites. Also, we recommend that industries should have a proper way of waste disposal so as not to be deposited back to the soil which will later cause harm to the end-user (humans) from agricultural products. After remediation experiment, plants used should be uprooted and not just removing the shoot. After harvesting the plants, the residue should be recycled. 
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Table 1:  Soil Analysis Before and After Pollution
	PARAMETERS
	Before pollution
	After pollution

	pH
	4.90
	4.90

	Soil texture
	Loamy
	Loamy

	Moisture content %
	27.50
	27.50

	O%
	5.40
	5.40

	C%
	12.20
	12.20

	Total N%
	0.90
	0.90

	Ca2+(g/Kg)
	3.20
	3.20

	Mg2+(g/Kg)
	1.60
	1.60

	Na2+ (g/Kg)
	4.90
	4.90

	Phosphorus (mg/kg) -ppm
	0.60
	0.60

	Cd2+(mg/kg) –ppm
	1.80
	942.88

	Zn2+ (mg/kg) –ppm
	6.50
	6.50

	Fe2+ (mg/kg) –ppm
	73.70
	73.70

	Cu2+(mg/kg) –ppm
	5.20
	612.60

	 Pb2+ (mg/kg) –ppm
	2.40
	962.33




Figure 1: Total Heavy Metals Concentration in Soil Samples before planting









Figure 2: Total Fungal Count in Soil Samples 







[bookmark: _Hlk79167222]Table 2: Colonial Morphology of Fungal Isolates 
	[bookmark: _Hlk81664732]ISOLATE CODE
	FORM
	ELEVATION
	MARGIN
	COLOUR
	SUSPECTD ORGANISM

	S1
	Rhizoid 
	Convex 
	Undulate 
	 Blue-green
	Aspergillus fumigatus 

	S2
	Filamentous 
	Raised 
	Entire 
	Cinnamon brown
	Aspergillus terreus I

	S3
	Irregular 
	Raised 
	Lobate
	Cream   
	Saccharomyces cerevisiae

	S4
	Filamentous 
	Flat 
	Filiform 
	Black 
	Aspergillus niger I

	S5
	Irregular 
	Convex
	Lobate
	Honey brown
	Candida albicans

	S6
	Filamentous 
	Flat 
	Filiform 
	Black 
	Aspergillus niger II

	S7
	Filamentous 
	Raised 
	Entire 
	Cinnamon brown
	Aspergillus terreus II


Note: S1= Cu-simulated soil, S2= Ahm-simulated soil, S3= Cd-simulated soil, S4= Ahm-simulated soil, S5= Cu-simulated soil, S6= Pb-simulated soil and S7= Ctrl soil





[bookmark: _Hlk79167244]Table 3: Determination of Fungal Tolerance to Heavy Metals at 0g, 0.4g and 0.8g
	[bookmark: _Hlk81587023]Isolate
	Cd
	Cu
	Pb

	
	 0 g
	
	

	A. fumigatus 
	0.7±0.0b
	0.7±0.0b
	0.7±0.0b

	A. terreus I 
S. cerevisiae
A. niger I
C. albican
A. niger II
A. terreus II
	1.0±0.0d
1.1±0.0e
0.2±0.0a
1.0±0.0c
1.7±0.0g
1.1±0.0f
	1.0±0.0d
1.1±0.0e
0.2±0.0a
1.0±0.0c
1.7±0.0g
1.1±0.0f


	1.0±0.0d
1.1±0.0e
0.2±0.0a
1.0±0.0c
1.7±0.0g
1.1±0.0f


	
	0.4 g
	
	

	A. fumigatus 
	0.08±0.003f
	0.18±0.003e
	0.14±0.003a

	A. terreus I 
S. cerevisiae
	0.03±0.003a
0.04±0.003c
	0.19±0.003f
0.19±0.003c
	0.26±0.003d
0.27±0.002e

	A. niger I
C. albican
A. niger II
A. terreus II
	0.08±0.004e
0.13±0.003g
0.05±0.004d
0.03±0.004b

0.8 g
	0.14±0.004a
0.18±0.006d
0.16±0.004b
0.17±0.003c

	0.14±0.003b
0.28±0.003f
0.35±0.004g
0.15±0.003c

	A. fumigatus 
	0.18±0.037g
	0.25±0.009d
	0.14±0.005a

	A. terreus I 
S. cerevisiae
	0.05±0.004a
0.08±0.004g
	0.27±0.01g
0.23±0.008b
	0.86±0.01e
0.82±0.008b

	A. niger
C. albicans
A. niger II
A. terreus II
	0.13±0.004e
0.16±0.004f
0.12±0.003d
0.06±0.005b
	0.24±0.006c
0.26±0.007e
0.27±0.007f
0.19±0.003a
	0.82±0.006c
0.95±0.008f
0.96±0.006g
0.86±0.003d


Results are mean values ± standard error of mean for three (3) replicates. Note: Pb= lead, Cu= copper and Cd= Cadmium



[bookmark: _Hlk81830692]Table 4: Biomass of Fleurya aestuans grown on Heavy Metal Simulated Soil.
	TREATMENT
	PHW1 O
	PHWo O
	RLW1 O
	RLWo O
	SLW1 O
	SLWo O
	FPWW1 O
	FPWWo O
	DPWW1 O
	DPWWo O

	Cd
	22.5
	   NG
	9.05
	NG
	13.45
	NG
	4.71
	NG
	1.23
	NG

	Cu
	37.8
	13.2
	13.0
	4.4
	24.8
	8.8
	9.19
	0.51
	1.12
	0.48

	Pb
	34.4
	39.9
	15.0
	12.8
	19.4
	27.1
	19.68
	23.56
	7.13
	10.68

	Ahm
	23.3
	12.2
	9.6
	4.2
	12.7
	8.0
	14.04
	1.13
	2.39
	0.58

	Ctrl
	33.7
	58.2
	11.45
	14.25
	22.25
	43.75
	5.11
	18.73
	1.52
	6.35


Note: NG= No growth, W1= with, W0= without, O = organism, RL= root length, SL= shoot length, F = fresh, PW= plant weight, D = dry, PH= plant height, Ahm= All heavy metal, Cd= Cadmium, Cu= Copper, Ctrl= Control and Pb=Lead.




Table 5: Concentration of Heavy Metal in the Shoot of Fleurya aestuans
	PARAMETERS
	Cd(mg/kg)
	Cu(mg/kg)
	Pb(mg/kg)

	ST1
	0.26 ± 0.3d
	2.13 ± 0.1g
	1.36 ± 0.1f

	ST2
	0.10 ± 0.0a
	2.10 ± 0.1f
	0.83 ± 0.1b

	ST3
	1.13 ± 0.1h
	2.20 ± 0.1h
	7.70 ± 0.2i

	ST4
	1.36 ± 0.1i
	0.93 ± 0.1c
	1.03 ± 0.1d

	ST5
	0.46 ± 0.3e
	1.66 ± 0.1e
	4.63 ± 0.1h

	ST6
	0.66 ± 0.1g
	1.63 ± 0.1d
	1.23 ± 0.1e

	ST7
	0.10 ± 0.0b
	0.76 ± 0.1b
	0.66 ± 0.1a

	ST8
	0.50 ± 0.1f
	2.20 ± 0.1i
	3.00 ± 0.1g

	ST9
	         _
	           _
	          _

	ST10
	0.20 ± 0.0c
	0.73 ± 0.0a
	0.96 ± 0.1c


Note: ST1= shoot of F. aestuans grown on Cu-simulated soil without Aspergillus niger , ST2=  shoot of F. aestuans grown on Cu-simulated soil with A. niger , ST3=shoot of F. aestuans grown on Pb-simulated soil without A. niger, ST4=shoot of F. aestuans grown on Cd-simulated soil with A.niger, ST5=shoot of F. aestuans grown on Pb-simulated soil with A. niger, ST6=shoot of F. aestuans grown on Ctrl without A. niger   ST7=shoot of F. aestuans grown on Ctrl with A. niger , ST8=shoot of F. aestuans grown on Ahm-simulated soil without A. niger , ST9=shoot of F. aestuans grown on Cd-simulated withoutA. niger, ST10=shoot of F. aestuans grown on Ahm-simulated soil with A. niger.





Table 6: Concentration of Heavy Metal in the Root of Fleurya aestuans
	PARAMETERS
	Cd(mg/kg)
	Cu(mg/kg)
	Pb(mg/kg)

	RT1
	0.53 ± 0.1e
	3.83 ± 0.1h
	2.36 ± 0.2f

	RT2
	0.26 ± 0.0b
	3.33 ± 0.1g
	1.53 ± 0.2c

	RT3
	1.46 ± 0.1h
	3.13 ± 0.1d
	8.96 ± 0.1i

	RT4
	2.36 ± 0.2i
	1.63 ± 0.1b
	1.90 ± 0.2d

	RT5
	0.73 ± 0.1f
	3.13 ± 0.1e
	7.13 ± 0.1h

	RT6
	0.40 ± 0.1d
	3.16 ± 0.1f
	2.30 ± 0.1e

	RT7
	0.13 ± 0.0a
	1.96 ± 0.2c
	1.06 ± 0.1a

	RT8
	0.73 ± 0.0g
	4.03 ± 0.1i
	3.80 ± 0.1g

	RT9
	          _
	          _
	           _

	RT10
	0.33 ± 0.0c
	0.96 ± 0.3a
	1.20 ± 0.0b


Note: RT1= root of F. aestuans grown on Cu- simulated soil without Aspergillus. niger , RT2=  root of F. aestuans grown on Cu-simulated soil with A. niger , RT3=root of F. aestuans grown on Pb-simulated soil without A. niger, RT4=root of F. aestuans grown on Cd-simulated soil with A.niger, RT5=root of F. aestuans grown on Pb-simulated soil with A. niger, RT6=root of F. aestuans grown on Ctrl without A. niger   RT7=root of F. aestuans grown on Ctrl with A. niger ,RT8=root of F. aestuans grown on Ahm-simulated soil without A. niger , RT9=root of F. aestuans grown on Cd-simulated soil withoutA. niger, RT10=root of F. aestuans grown on Ahm-simulated soil with A. niger.






Table 7: Concentration of Heavy Metal in Soil Samples
	PARAMETERS
	Cd(mg/kg)
	Cu(mg/kg)
	Pb(mg/kg)

	SS1a
	11.7 ± 1.7a
	16.7 ± 1.7a
	28.3 ± 1.7a

	SS1b
	13.3 ± 1.7b
	35.0 ± 2.9d
	55.0 ± 2.9c

	SS2a
	30.0 ± 2.9d
	33.3 ± 1.7c
	50.0 ± 2.9b

	SS2b
	35.0 ± 2.9e
	50.0 ± 2.9g
	1.13 ± 4.4i

	SS3a
	45.0 ± 2.9g
	66.7 ± 1.7i
	76.7 ± 4.4e

	SS3b
	60.0 ± 2.9j
	71.7 ± 1.7j
	85.0 ± 2.9f

	SS4a
	25.0 ± 2.9c
	31.7 ± 1.7b
	1.11 ± 4.4h

	SS4b
	53.3 ± 1.7i
	45.0 ± 2.9f
	1.35 ± 7.6j

	SS5a
	38.3 ± 1.7f
	43.3 ± 1.7e
	66.7 ± 4.4d

	SS5b
	45.0 ± 2.9h
	53.3 ± 1.7h
	95.0 ± 2.9g


Note: SS1a=Ctrl soil sample with Aspergillus niger, SS1b=Ctrl soil sample without A. niger, SS2a=Ahm-simulated soil sample with A. niger, SS2b=Ahm-simulated soil sample without A. niger, SS3a=Cu-simulated soil sample with A. niger, SS3b=Cu-simulated soil sample without A. niger, SS4a=Pb-simulated soil sample with A. niger, SS4b=Pb-simulated soil sample without A. niger, SS5a=Cd-simulated soil sample with A. niger and SS5b=Cd-simulated soil sample without A. niger.





Cd	Cu	Pb	Ahm	944.68000000000052	617.79999999999995	964.73	512.95999999999947	heavy metals

concentration of heavy metals (mg/kg)



Cu	Ahm	Pb	Cd	Ctrl	73	80.3	71.7	101	84.3	HEAVY METALS

FUNGAL COLONY COUNT
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