The Bioremediation Capability of Fleurya aestuans (West Indian Wood Nettle) in conjunction with Fungi on Soil Polluted with heavy metals

Abstract
Heavy metal contaminated soil caused by pesticides, chemical fertilizers, industrial pollution, atmospheric deposition and wastewater irrigation has harmful impact effects on the environment. It will be difficult to clean thoroughly, posing a risk to human health, the environment, and food safety. Chemical, physical and convective methods to remediate contaminated soil are often costly and harmful to the environment, but plant extraction is an important alternative method because it is cost-effective and environmentally eco-friendly. Therefore, this study aims to determine the ability of Fleurya aestuans and fungi to bioaccumulate selected heavy metals from simulated soil. Before adding heavy metals to the soil samples, the soil analysis was performed in parts per million (ppm) and F. aestuans was grown on 15 soil samples collected from Chrisland University, each weighing 5.5 kg. Three replicates of soil samples collected with 10 g / kg of cadmium (Cd), copper (Cu), lead (Pb) and all heavy metals (Ahm) were simulated, and used to evaluate the extraction capacity of plants of F. aestuans. Three repeated control experiments were also performed using soil samples without 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 is the most tolerant fungal isolate and is used as a bioremediator agent. Soil analysis was also carried out after the experiment, and data were listed as the unit is ppm. The plant biomass was assessed. After harvest, analyze the concentration of tested heavy metals in roots, shoots and soil samples were detected to recognize determine the bioaccumulation capability. Use Duncan's multiple range test was followed to analyze the obtained data. This study shows that Fleurya aestuans and Aspergillus spp can be employed to remediate heavy metal contaminated soils, according to this study. As a result, the selected plant was found a good bioaccumulator candidate for heavy metal extracted from contaminated soils.
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Introduction	Comment by Admin: References use here are very old and should be replaced by recent ones. Language needs improvement
Heavy metals are metallic elements with a density that is higher than that of water (Duffus, 2012; Ayesa et al., 2018).  Heavy metals also comprise metalloids (such as arsenic), which can elicit toxicity at low exposure levels if weight and toxicity are associated (Duffus, 2012). In recent years, global public health and ecological problems related to environmental contamination from these metals have received increasing attention. Furthermore, due to its exponential growth inits use in various industrial, agricultural, domestic and technological applications, human exposure has increased dramatically (Bradl, 2012, Chinnannan et al., 2016). Sources of heavy metals reported in the environment include geology, industry, agriculture, pharmaceuticals, domestic wastewater, and atmospheric sources (He et al., 2015; Onder et al., 2017). Environmental pollution is very prominent in point source areas such as mining, smelting and smelting, and other metal industry operations (Olanrewaju et al., 2017).	Comment by Admin: This expression is inappropriate given that the references are old. Please, reorient this paragraph
Most countries face the challenge of large amounts of toxic industrial wastewater every year. Heavy metal contamination is of great concern because these harmful pollutants accumulate in microorganisms, plants, animals, and humans and cause many physiological diseases (Munees and Abdul, 2012). This is also one of the most problematic environmental challenges due to the increasing usage of metals for industrial and agricultural purposes (Chinnannan et al., 2016). Modern agricultural practices, in addition to the overuse of agrochemicals to manage plant diseases and insect pests and enhance crop yields, have been linked to soil contamination (Olanrewaju et al., 2017). The increasing use of organic and inorganic materials as soil additives has also raised concerns about the harmful effects of pollutants on the environment (Onder et al., 2017).	Comment by Admin: !? what is this
Fungus remediation refers to the use of certain fungi in the soil ecosystem to degrade contaminants to remediate contaminated soil. Some fungi are super-enriched organisms that can excessively absorb heavy metal ions from the environment and store them in the fruit body to achieve the purpose of repairing heavy metals in the soil (Elhan et al., 2017).
Microbes interact with heavy metals and change the oxidation state of these metal ions through redox reactions and reduce toxicity (Dhanarani et al., 2016; Chinnannan et al., 2016). Increased microbial activity has been shown to be the mechanism responsible for phytoremediation of contaminated environment (Akintokun et al., 2010).
Fleurya aestuans is an erect annual monoecious herb, commonly known as West Indian nettle, tropical nettle, and nettle. It has great medicinal potential and is reported to treat rheumatism (Alkorta, 2007) and arthritis (Randall et al., 2001). It also reportedly has antioxidant, antiulcer, antibacterial, and pain-relieving properties. Fleurya aestuans increases urine flow, shrinks inflamed tissues, helps blood circulation, and purifies the blood. Due to its high protein content, it is a popular green leaf in many areas, but it has not yet been scientifically proven. It has been used as a palliative treatment in various ways in traditional medical practice (Kesi et al., 2017).
According to Akintokun et al. (2010), introducing mycorrhizal fungi to increase the absorption of the root zone of some plants (such as Tithonia diversifolia) can improve the efficiency in the repair of soils contaminated by zinc and lead nitrate. To solve this problem, plant growth-promoting microorganisms (non-pathogenic microorganisms that benefit the host plant) can be added to the roots of plants (Dixit et al., 2015). Native microorganisms, but in the other side, can provide best bioaugmentation results so they are well adapted to the environment.
The outcome of this study will be of relevance to the agricultural sector, farmers, agro-business owners, medical practitioners and the academics among others.
The aim of this study is to evaluate the bioremediation potentials of fungi and Fleurya aestuans (West Indian wood nettle) against selected heavy metals.
The main objective of this study is to examine the relationship between certain fungi and Fleurya aestuans in remediating soil contaminated with heavy metals. The specific objectives are;
i. To isolate fungi from soil samples contaminated with Cadmium (Cd), Lead (Pb) and Copper (Cu).
ii. To screen the isolated fungi for their tolerance to selected heavy metals using spectrophotometric method.
iii. To assay for the germination rate of Fleurya aestuans with and without fungi
iv. To determine the accumulation of heavy metals in Fleurya aestuans with and without fungi. 
Materials and method	Comment by Admin: These are not objectives but measured parameters affected by heavy metal addition
The objective is only the use of plant and fungi as ecofriendly and cost-effective ways to remove and cleaning the contaminated soil. It was be logic if you processed your treatments on naturally contaminated soil but not artificial one!!
Study Site 	Comment by Admin: Only pointed out in case of field experiments !!!!!! it is a laboratory experiment
The experiment was carried out at the Microbiology laboratory, Chrisland University, Owode, Abeokuta, Ogun state. The university lies between latitude 7.15 02oN and longitude 3.38 66o E (Ayesa et al., 2019). 
Experimental Design 
The experimental design was 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. 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 will be made until 10-5 dilution will be obtained. 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. The 1% chloramphenicol was added to inhibit bacterial growth. A Similar method will be done for the control soil samples. 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 sub-cultured repeatedly on Potato Dextrose Agar for purification. Colonies differing in morphological characteristics was selected, purified and then preserved for further studies. All pure cultures of fungal isolates were inoculated and maintained on PDA slants and stored at 4oC in the refrigerator. 
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, color) please, insert Reference here (). 
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 supplemented with 0, 400 and 800 µg/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.	Comment by Admin: Supplemented with WHAT?
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. 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 will be 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 will be added followed by filtration with Whatman no.1 filter paper. The digestate will be 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 is 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 was least (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 and while Cu was least (Table 1). 
Total Heavy Metals Concentration in Soil Samples
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 Ahm (Figure 1). All the heavy metals analysed in the soil were more than in the work of Ayesa et al., (2018) and Zurek et al., (2013).	Comment by Admin: What is this mean? Please, identify
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). 
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).
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).
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)
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 aestuanswas 1.36mg/kg, followed by Pb-simulated soil without A. niger at 1.13mg/kg. The least was recorded in the shoots of Fleurya aestuansgrown 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 aestuansgrown 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)
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)
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). There were significant differences among soil samples (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). There were significant differences among soil samples (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). There were significant differences among soil samples (Table 7)

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 root of F. aestuans without Aspergillus spp accumulated more Pb compared to the root of F. aestuans inoculated with Aspergillus spp while the shoot of F. aestuans without Aspergillus spp accumulated more Cu and Pb compared to the shoot of F. aestuans inoculated with Aspergillus spp. Ameh et al., 2019 in their research showed that Fleurya aestuans possess phytoextraction potentials. The heavy metal concentration in the soil samples used in this study bioaccumulate more in the root than shoot. Same was recorded in the work of Ayesa et al. (2018).
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 also 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
	4.9 ± 0.0
	

	Soil texture
	Loamy
	

	Moisture content %
	27.5 ± 0.2
	

	O%
	5.4 ± 0.1
	

	C%
	12.2 ± 0.1
	

	Total N%
	0.9 ± 0.0
	

	Ca2+(g/Kg)
	3.2 ± 1.7
	

	Mg2+(g/Kg)
	1.6 ± 4.4
	

	Na2+ (g/Kg)
	4.9 ± 2.9
	

	Phosphorus (mg/kg) -ppm
	0.6 ± 0.0	Comment by Admin: Same parameters should be listed after pollution not only for tested CU, Cd, Pb
	

	Cd2+(mg/kg) –ppm
	1.8 ± 0.0
	942.88

	Zn2+ (mg/kg) –ppm
	6.5 ± 0.3
	

	Fe2+ (mg/kg) –ppm
	73.7 ± 0.2
	

	Cu2+(mg/kg) –ppm
	5.2 ± 0.1
	612.60

	 Pb2+ (mg/kg) –ppm
	2.4 ± 0.0
	962.33


± = standard error of the mean
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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. fumigates
	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 ofFleurya 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


