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Abstract 

Co-metabolism between plants and rhizosphere microbes is the mainstay of 

rhizoremediation of contaminated soils. The aim of the current study was to isolate and 
screen selected rhizosphere micro-fungi of two Asteraceae (Tridax procumbens and 

Chromolaena odorata) collected from the wild in University of Lagos, Akoka, Lagos State 
for bioremediation potential. Rhizosphere fungi were isolated, identified and evaluated for 

crude oil myco-remediation. The inhibitory effect of different concentrations of crude oil 
on mycelial growth of the most abundant fungi was determined with poisoned plate assay 

method. The most abundant and recurring fungi around C. odorata and T. procumbens 

were determined using the serial dilution and plating methods. Analysis of the rhizosphere 
soil of T. procumbens and C. odorata showed they were sandy loam type. C. odorata soil 

had higher moisture, organic carbon, and acid content than T. procumbens. Aspergillus 
flavus and Trichoderma harzianum were the most abundant and recurring fungi in C. 

odorata and T. procumbens, respectively. Thirty-nine micro-fungi belonging to twenty 

genera were isolated from the test plants’ rhizosphere. A. flavus and T. harzianum 
tolerated 2.50 to 10.00% crude oil contamination assessed with their mycelial growth 

inhibition reducing with time. A. flavus and T. harzianum caused a 68.45% and 86.71% 
reduction of crude oil contamination respectively, in a time dependent manner. The 

filamentous fungi ~A. flavus and T. harzianum can potentially be used to simultaneously 
ameliorate crude oil contaminated soils in conjunction with C. odorata and T. procumbens, 

respectively in the innovative technology termed rhizoremediation.  
*Corresponding author Email:  1*eadongbede@unilag.edu.ng 

Introduction 
The contamination of soil with crude oil and 

allied products is a major problem for an oil 

producing country like Nigeria and the world at 
large. The remediation technologies vary from 

mechanical and chemical treatments to 
biological means. Phytoremediation is one of 

the popular biological remediation options 

which uses plants for treatment of 
contaminated soils that is environment friendly, 

and studies show that it is safe and sustainable 
(Hussain, et al., 2018). Rhizoremediation is a 

new biotechnology that combines 

phytoremediation and bioaugmentation and 
makes use of the symbiotic relationship 

between plants and their associated soil 
microorganism in the root zone (Hoang, et al., 

2021). The microbes in soil create a nutritious 
and safe environment for the plants whilst 

removing harmful organisms and compounds 

(Dawar, et al., 2014; Hesammi, et al., 2014; 

Dindar, et al., 2015). The fact previously stated 

is the basis for research interest on rhizosphere 
organisms and technologies. The zone of soil 

affected by a plant’s root activity with the 
highest concentration of carbon and altered 

microbial diversity is called the rhizosphere and 

has lower pH, oxygen, and carbon dioxide than 
bulk soil (Brady and Buckman, 1990; Slaughter, 

2021). To ensure successful decontamination 
of crude oil contaminated soil with plants, the 

microbial population around the root zone 

specifically the petroleum hydrocarbon 
degrading species must be stimulated to grow 

or their population increased by augmenting 
soils with the species (Ruley, et al., 2022). It is 

important that the identity of rhizosphere fungi 
around potential plants to be used for 

rhizoremediation should be investigated and 
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their physiology and responses to contaminants 
known (Zuzolo, et al., 2021). Wild plants like 

weeds support more fungi with high 
degradative potentials and their use for 

phytoremediation is well documented (Ogbo, et 

al., 2009a; Ogbo et al., 2009b; Zhou, et al., 
2011; Raju, et al., 2015). The microorganisms 

particularly fungi around the root zone of the 
plants do the actual break down of 

contaminants and through sequestration 
remove the contaminants, sending less harmful 

compounds into the plant’s system (Khatoon, et 
al., 2021). Fungal bioremediation is the best 
biotechnology-based method for cleanup of 

contaminated sites because of the array of 
pathways and enzymes inherently at their 

disposal and combining this with 

phytoremediation will enhance and cause total 
removal of the contaminants from the soil 

(Tomer, et al., 2021). In the current study, 
micro-fungi associated with two Asteraceae 

weeds (Tridax procumbens and Chromolaena 
odorata) were isolated from different sites at 

University of Lagos, Akoka, Yaba, Lagos and 

screened for crude oil remediation potential.  
Tridax procumbens Linn (Asteraceae) also 

known as coat button plant is widespread in the 
tropical and subtropical regions of the world 

and used for the treatment of various diseases 

such as dysentery, malaria, diarrhea, high 
blood pressure and alopecia (Edeoga, et al., 

2005).  
Chromolaena odorata (L) King & H. E. Robinson 

on the other hand commonly called Siam weed 

is another Asteraceae species, and a tropical 
weed considered medicinal by most locals with 

antipyretic, antimicrobial, and anti-
inflammatory activities attributed to it 

(Vijayaraghavan, et al., 2017). C. odorata has 
shown potentials for decontamination of crude 

oil and heavy metal polluted soils and even 

nuclear wastes contaminated sites (Singh, et 
al., 2009; Atagana, 2011). T. procumbens and 

C. odorata are considered noxious weeds in the 
environment to be removed and disposed of 

despite their medicinal values. They can 

however become useful if they are rechanneled 
into useful purposes like decontamination of 

crude oil polluted soils. It is important to 
establish the right plant and microbes balance 

in the soil to ensure complete or effective 
removal of petroleum hydrocarbons in soil by 

the process of rhizoremediation (Hoang, et al., 

2021). The aim of the current study was to 
identify the rhizosphere fungi of the weeds T. 
procumbens and C. odorata and find out if 

representative fungi can be used for 
remediation of crude oil substrates or soils.  

Materials and Methods 

Collection of Samples 

Soil samples were collected from the 
rhizosphere of Tridax procumbens and 

Chromolaena odorata from ten separate 
locations at the Akoka Campus of the University 

of Lagos, Lagos, Nigeria. The test plants were 

harvested, roots shaken down and a total of 
four samples collected at a depth of 0-20cm 

and composite soil samples were taken for each 
site and poured into labelled Ziploc bags 

(Hazzat, et al., 2018).  

Soil Analysis 

Particle size distribution was determined with 
the Bouyoucos Hydrometric Method 

(Bouyoucos, 1962). The pH was recorded for 
each soil sample after making solutions with 

sterile distilled water using standard methods  

(Bouyoucos, 1962). Soil moisture was 
obtained after oven drying and the weight loss 

method was used to determine the moisture 
and organic carbon content of the soil (Sparks, 

et al., 1996). 

Isolation of Rhizosphere Myco-flora 
The Serial Dilution Assay method was used for 

isolation of rhizosphere fungi by adopting 
methods by Aneja, (2001) and Dawar, et al. 

(2014) with slight modifications. Soil sample 
(10 mg) was mixed into 1 ml distilled water and 

9 ml of distilled water was added and four-fold 

serial dilutions made. One milliliter of soil 
solution was dispensed into Malt Extract Agar 

(MEA) filled Petri plates with antibiotics 
(Penicillin). Aliquots were taken from each 

dilution and plated with three replicates each. 

The plates were incubated at 30°C, and total 
fungal colonies formed were recorded and pure 

culture isolates were got by subculturing from 
the mixed cultures into new Malt Extract Agar 

(MEA) culture plates.  

Identification of Rhizosphere Fungi 

Rhizosphere fungi were identified using 
standard manuals (Thom and Raper, 1945; 

Barnett, 1960; Nelson, et al., 1983; Gams and 

Bissett, 1998). The colony characteristics, 
colour and spore formed, hyphal structures and 

conidia aggregations were observed 
macroscopically and microscopically.  

The number of plants stands from which fungal 
Species were isolated was used to calculate the 

species percentage incidence around the 

rhizosphere of each plant Species (Dawar, et 
al., 2014).  
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Percentage Incidence of each rhizosphere fungus = 
   Number of Plant Specimens having a particular fungus

Total number of Plant Specimens  analyzed 
  x 100 

The fungal species with the highest incidence in 

all sampled plant species was regarded as the 

dominant strain and the species that recorded 
near 100% incidence for each plant’s rhizosphere 

were selected for crude oil degradation potential. 
Crude Oil Tolerance Test for Rhizosphere Fungi 

The ability of the selected rhizosphere fungi to 
tolerate diverse levels of crude oil contamination 

was evaluated by growing them in Petri plates 

filled with crude oil contaminated Bushnell Haas 
mineral agar medium (BHA) using a modification 

of methods by Asemoloye, et al. (2019) and 
Moslem and El-Kholie, (2009). The Bushnell 

Haas (BH) broth and agar (Sigma-Aldrich, 

Amsterdam, Germany) is a basal medium 
composed of only minerals and no carbon source 

were prepared following manufacturer’s 
instructions. The BH agar was contaminated 

with various levels of crude oil contamination 
(2.5, 5, 7.5 and 10%) and plates augmented 

with dextrose as carbon source served as 

control. The treatments and control were 
replicated three times and the crude tolerance 

levels were investigated by taking radial mycelial 
growth measurements to the nearest mm every 

24 h and comparing with mycelial growth in 

control plates.  
Mycelia Growth Inhibition (MGI) = 

Radial Mycelial  Extension in crude oil contaminated plate

Radial Mycelial Extension in control plate
 x 100 

The mycelial growth inhibition of the fungus is 
equivalent to the dose (concentration of crude 

oil) inhibition response (DIR) to crude oil 
contamination.  

The mycelial growth inhibition of T. harzianum 
was calculated by evaluating the percentage 
coverage of the mycelia on the Petri dish (Gams 

and Bissett, 1998). This is because it was noticed 
that the growth of T. harzianum was not radial, 

submerged in parts of the growth medium and 
shooting off aggregations of conidiophores in 

separate sections of the Petri plates.  

Crude Oil Degradation Efficiency of Selected 
Rhizosphere Fungi 

     The crude oil degradation potential of the 
two selected rhizosphere fungi (Aspergillus 
flavus and Trichoderma harzianum) was 

determined after growing them submerged in 
crude oil contaminated Bushnell Haas (BH) 

broth in 250 ml Erlenmeyer flasks. One hundred 
milliliter of Bushnell Haas (BH) broth 

contaminated with 1% crude oil was inoculated 

with a four-day old pure culture of the two test 
fungi from the periphery of actively growing 

cultures. The control experiments had crude oil 
contaminated broth but not seeded with any 

fungus. They were incubated in the dark in an 
incubator with a shaker set at 100rpm at 30°C. 

The degree of crude oil bioremediated was 

determined gravimetrically adopting methods 
by Al-Hawash, et al. (2018).  

The residual crude oil was extracted from the 
broth with chloroform with an equal volume of 

the growth media. The extracted crude oil was 
dehydrated with anhydrous sodium sulphate 

after evaporating the chloroform with a rotary 

evaporator under pressure in a water bath at 
55°C (Al-Hawash, et al., 2018). 

Gravimetric Analysis 

The residual crude oil from both control and 

treated samples was estimated by weighing. 
The degradation efficiency of the test fungi was 

calculated using the formular 
Bioremediation/Biodegradation Efficiency (%) 

= 
ρ0−ρ1−ρ2

ρ0
 x 100  

Where ρ0 = concentration of the crude oil in 

control; ρ1 = residual crude oil after different 
incubation periods (4, 8, 12 and 16 days) in 

fungi treatments; ρ2 = concentration of crude 
oil loss due to abiotic factor or extraction 

process. 

Data Analysis 
Analysis of Variance (One-Way ANOVA) 

was conducted with the Statistical analysis 
software -SPSS Version 26 program for 

Windows (SPSS Inc., Chicago, IL, US). 
Duncan’s Multiple Range Test was used to 

determine significant difference between 

treatments p≥ 0.05. 
RESULTS AND DISCUSSION 
The wild Asteraceae plants used in this study 
(Tridax procumbens and Chromolaena odorata) 

had rhizosphere soils that were sandy loam 

(Table 1). There was no significant difference 
between the organic carbon content of the two 

plants, as it varied between 3.94-4.43 (Table 
1). The T. procumbens rhizosphere soil had 

more moisture content than that of C. odorata 
from analysis of soil around it (Table 1). The 

rhizosphere soil of C. odorata was slightly more 

acidic than that of T. procumbens and as such 
could have contributed to its ability to host 

more fungal species (Yamanaka, 2003). The 
textural classification of both Soil Types places 

them into nutritionally rich soil but prone to run 

off or drainage and might also explain the 
abundance of micro-fungi (Bhattacharyya, et 
al., 2009).  
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Table 1: Physicochemical Properties of Rhizosphere Soil of Two Asteraceae Weeds 

Soil Characteristics Tridax procumbens Chromolaena odorata 
    Soil texture Sandy loam   Sandy loam 

pH   7.84±0.26a   6.8 ±0.35a 

Moisture Content                    27.33±8.62b       20±5.41c 

Organic carbon                  4.43±0.31d       3.94±0.31d 

*Superscript with same letters along the same column are not significantly different (p≥0.05) 

A total of thirty-nine fungal species belonging 

to twenty genera was isolated from the 
rhizosphere of both plants (Table 2). Tridax 
procumbens recorded fifteen rhizosphere 
fungal Species while C. odorata had thirty 

Species (Table 2). The fact that C. odorata 
recorded a higher population of micro fungi can 

be partly attributed to the more acidic nature of 

its rhizosphere soil. Previous results show that 
microbial activity and population is 

fundamentally influenced by the plant species, 
fertility, and pH status of the soil (Hauchhum 

and Tripathi, 2019). Secondly, the presence of 

scores of saprophytic filamentous fungal in the 
Tridax and Chromolaena species rhizosphere 

can also be attributed to the rhizodeposition of 

organic matter and root exudates into the soil 

(Hauchhum and Tripathi, 2019). 
Rhizodeposition is a term that refers to root 

exudates released from plants into the soil in 
the form of organic carbon compounds and 

metabolic exudates fuel soil microflora which in 
turn, participate in the cycling dynamics on 

nutrients, pollutants and soil borne pathogens 

(Nguyen, 2019). The composition of the fungal 
components of the rhizosphere of the two 

plants is consistent with data in literature which 
shows that filamentous fungi like Aspergillus 
flavus, Penicillium citrinum and Trichoderma 
harzianum are among the most abundant in 
plant rhizosphere (Merckx, et al., 1987 ; 

(Darwar et al., 2014).  
 

Table 2: Fungal Isolates from the rhizosphere of two wild plants on the Akoka Campus,  
University of Lagos 

Fungal Species Family   Tridax  
procumbens 

C Chromolaena 
              odorata 

Absidia glauca Hagem Cunninghamellaceae t + - 

Aspergillus aculeatus lizuka Aspergillaceae  + + 
Aspergillus fumigatus Fresen Aspergillaceae  - + 

Aspergillus niger Tiegh Aspergillaceae  + + 

Aspergillus flavus Link Aspergillaceae  + + 
Acremonium falciforme (Carriòn) 

W. Gams 

Hypocreaceae  
- 

+ 

Arthrobotrys conoides Drechsler  Obiliaceae       + - 

Botrytis cinerea Pars. Sclerotiniaceae   - + 
Bjerkandera adjusta (Willd.) P. 

Karst 

Meruliaceae   
+ 

+ 

Chaetomium funicola Cooke Chaetomiaceae  - + 
Cladosporium cladosporioides 

(Fresen.) G. A. de Vries 

Cladosporiaceae  + - 

Chrysonilia sitophila (Mont.) Arx. 

Sydowia 

Sordariaceae   + - 

Curvalaria lunata (Wakker) Boedijn Pleosporaceae  - + 
Cunninghamella elegans Lendner  Cunninghamellaceae  + + 

Fusarium oxysporum Schltdl. Nectriaceae  + + 
Fusarium solani (Mart.) Sacc. Nectriaceae  - + 

Geotrichum silvicola Pimenta, G. S. 
Prasad, Lachance & C. A. Rosa 

Dipodascaceae   
+ 

- 

Clonostachys rosea (Link) 

Schroers, Samuel, Seifert & W. 
Gams 

Bionetriaceae   

+ 

- 

Gliocardium viride Matr.  Hypoceaceae   - + 
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*- Absent; + Present 

 
The most recurring fungal specimens in order 

of increasing percent incidence for the plant 
Tridax procumbens were Trichoderma 
harzianum, Aspergillus aculeatus, Aspergillus 
flavus, Aspergillus niger, and Trichoderma 
viride (percent incidence ~99.79%, 75.78%, 

60.76%, 55.66% and 55.64% respectively 
(Table 3).  

On the other hand, the most abundant micro-

fungi in the rhizosphere of the plant 
Chromolaena odorata in order of increasing 

percent incidence were Aspergillus flavus, 
Aspergillus niger, Trichoderma harzianum, 
Laccaria laccata, Mucor   irregularis, and 
Rhizoctonia solani (Percent incidence 

~99.50%, 75.55%, 65.68%, 50.79%, 

50.76%, and 50.52% respectively) (Table 3).  
The fungi~ Absidia glauca, Aspergillus 
fumigatus, Acremonium falciforme, Botrytis 
cinerea, Chaetomium funicola, Cladosporium 
cladosporioides Cunninghamella elegans, 
Fusarium solani, Gliocardium viride, 
Helminthosporium acalyphae, Laccaria 
laccata, Mucor irregularis, Pichia occidentalis, 
Penicillium chrysogenum, Penicillium 
nigricans, Talaromyces purpurogenus and 
Rhizoctonia solani were found in the 

rhizosphere soil of Chromolaena odorata but 

absent in that of Tridax procumbens (Table 

3). C. odorata supported the growth and 
abundance of micro-fungi species than T. 
procumbens.  
The study of Mapook et al. (2020), shows 
that there are even more micro fungi in the 

rhizosphere of C. odorata than the thirty 
microfungal species recorded in the current 

study (Table 2). Mapook et al. (2020) 

recorded that, the micro-fungal community 
of the rhizosphere of Siam weed (C. odorata) 

had a total of 130 species with 
Pseudocercospora being the dominant genus 

contrary to the current study, the plant had 
thirty-nine rhizosphere species and 

Aspergillus flavus as the most abundant 

species (Table 3).  
Research indicate that weeds play 

particularly important roles in restoring soil 
after disruptive events like floods or crude oil 

pollution, with a high degree of specificity. 

They do this in conjunction mostly with the 
rhizosphere fungal community during 

remediation or degradation activities. Wild 
plant species tend to have more microbes in 

their rhizosphere, and they use the beneficial 
ones to promote nutrient appropriation, 

tolerate changes without any adaptative 

Helminthosporium acalyphae 
(Thüm.) Cif. 

Massarinaceae  
- 

+ 

Laccaria laccata (Scop.) Cooke Hydnangiaceae  - + 

Macrophomina phaseolina (Tassi) 

Goid. 

Botryosphaeriaceae  + - 

Mucor mucedo L. Mucoraceae  + + 

Mucor irregularis Stchigel. Cano, 

Guarro & Ed. Àlvarez 

Mucoraceae  - + 

Pichia occidentalis (Kurtzman, M. J. 

Smiley & C. J. Johnson 

Saccharomycetaceae  + + 

Penicillium brevicompactum 
Dierckx. 

Aspergillaceae  + - 

Penicillium citrinum Thom. Aspergillaceae  - + 
Penicillium chrysogenum Thon. Aspergillaceae  - + 

Penicillium nigricans Bainier ex 
Thom 

Aspergillaceae  + - 

Penicillium sp. Link Aspergillaceae  - + 

Phoma eupyrena Sacc.  Didymellaceae -  -  + 

Talaromyces purpurogenus 
Samson, Yilmaz 

Trichocomaceae -  -  + 

Trichoderma harzianum Rifai  Hypocreaceae  + + 
Trichoderma viride Pers.  Hypocreaceae  + + 

Trichoderma sp. Hypocreaceae  + + 
Rhizoctonia solani J. G. Kühn Ceratobasidiaceae  - + 

Rhizopus arrhizus var arrhizus Mucoraceae  + + 

Rhizopus stolonifer (Ehrebb.) Vuill. Mucoraceae  - + 
Verticillium dahlia Kleb. Plectosphaerellaceae  - + 
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features formed and develop disease 
resistance (Chang, et al., 2018; Chang, et al., 

2021). This therefore explains the substantial 
number of rhizosphere fungi encountered in 

the current study. 

 
 

 

Table 3: Incidence of Rhizosphere Fungi of Two Wild Asteraceae Species 

 
The fungi that were found present with over 

90% incidence in all samples of rhizosphere 

soil of the two plants were used for the crude 

oil degradation study. Aspergillus flavus 

Fungal Species 

Tridax procumbens Chromolaena odorata 

Incidence 

 (N=20) 

Percent Incidence 

(%) 

Incidence  

(N=20) 

Percent 

Incidence  
(%) 

Absidia glauca 0.00±0.00 0.00±0.00 2.87±0.71 15.53±0.61 

Aspergillus aculeatus 15.91±0.36 75.78±0.27 8.97±0.72 40.55±0.64 
Aspergillus fumigatus 0.00±0.00  0.00±0.00 3.63±0.60 15.72±0.29 

Aspergillus niger 11.68±0.75 55.66±0.53 15.64±0.58 75.55±0.52 
Aspergillus flavus 12.82±0.27       60.76±0.42 19.73±0.51 99.50±0.25 

Acremonium falciforme 0.00±0.00 0.00±0.00 2.47±0.42 10.76±0.35 
Arthrobotrys conoides 6.71±0.31 31.02±0.66 0.00±0.00 0.00±0.00 

Botrytis cinerea 0.00±0.00 0.00±0.00 5.57±0.48 30.65±0.42 

Bjerkandera adjusta 2.57±0.45 10.61±0.41 4.60±0.45 20.80±0.23 
Chaetomium funicola 0.00±0.00 0.00±0.00 3.70±0.36 15.84±0.33 

Cladosporium 
cladosporioides 

0.00±0.00 0.00±0.00 
4.61±0.49 20.88±0.30 

Chrysonilia sitophila 2.67±0.40 11.13±0.61 0.00±0.00 0.00±0.00 

Curvalaria lunata  2.55±0.40 10.70±0.53 3.71±0.64 15.64±0.52 
Cunninghamella elegans 0.00±0.00 0.00±0.00 6.54±0.52 30.85±0.27 

Fusarium oxysporium 1.70±0.30 5.94±0.40 2.57±0.47 21.10±0.40 
Fusarium solani 0.00±0.00 0.00±0.00 3.56±0.48 15.79±0.41 

Geotrichum silvicola 3.78±0.28 15.74±0.34 0.00±0.00 0.00±0.00 
Gliocardium viride 0.00±0.00 0.00±0.00 7.66±0.42 36.04±0.41 

Helminthosporium 
acalyphae 

0.00±0.00 0.00±0.00 
2.49±0.49 10.61±0.47 

Laccaria laccata 0.00±0.00 0.00±0.00 10.45±0.55 50.79±0.23 

Macrophomina 
phaseolina 

1.58±0.38 5.74±0.36 
0.00±0.00 0.00±0.00 

Mucor mucedo 4.59±0.47 20.55±0.47 7.63±0.52   35.64±0.41 

Mucor irregularis 0.00±0.00 0.00±0.00 10.67±0.36 50.76±0.25 
Pichia occidentalis 0.00±0.00 0.00±0.00 3.47±0.56 15.69±0.64 

Penicillium 
brevicompactum 

2.57±0.45 10.80±0.55 
9.77±0.78 45.57±0.46 

Penicillium citrinum 2.50±0.46 10.73±0.40 0.00±0.00 0.00±0.00 

Penicillium chrysogenum 0.00±0.00 0.00±0.00 4.55±0.42 20.76±0.33 
Penicillium nigricans 0.00±0.00 0.00±0.00 2.48±0.48 10.65±0.42 

Penicillium sp. 0.00±0.00 0.00±0.00 5.69±0.49 25.64±0.55 
Phoma eupyrena 5.70±0.55 25.70±0.53 6.68±0.38 30.72±0.40 

Talaromyces 
purpurogenus 

0.00±0.00 0.00±0.00 
2.79±0.26 10.99±0.56 

Trichoderma harzianum 19.58±0.56 99.79±0.85 13.79±0.24 65.68±0.42 

Trichoderma viride 11.81±0.32 55.64±0.54 1.68±0.41 5.79±0.46 
Trichoderma sp. 5.62±0.49 25.82±0.26 8.71±0.40 40.81±0.22 

Rhizoctonia solani 0.00±0.00 0.00±0.00 4.59±0.51 50.52±0.45 
Rhizopus arrhizus 0.00±0.00 0.00±0.00 3.56±0.41 15.69±0.29 

Rhizopus stolonifer 4.77±0.23 20.61±0.40 9.65±0.32 45.85±±0.25 

Verticillium dahlia 0.00±0.00 0.00±0.00 7.63±0.38 35.81±0.33 
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recorded >99.50% incidence in the sampled 
rhizosphere soil of C. odorata while 

Trichoderma harzianum had >99.79% 
incidence in the rhizosphere soil of T. 
procumbens (Table 3).  
Aspergillus flavus from the root zone of C. 
odorata and T. harzianum from the rhizosphere 

soil of T. procumbens tolerated all levels of 
crude oil (2.50-10.00% crude oil concentration) 

evaluated (Table 4). The mycelial growth 
inhibition of the two fungi increased with 

increasing concentrations of crude oil 

contamination. The inhibitory effects reduced 
with time (from 88.30% on day 2 to 11.84% on 

day 10 at 2.50% level of crude oil 

contamination) as the fungi got used to the 
crude oil contaminated environment and 

eventually began using it up as a carbon source 
for growth (Table 4). At the end of 10 days 

mycelial growth inhibition for T. harzianum 

varied between 5.52% in 2.5% level of crude 
oil contamination to 10.81% in 10.00% level of 

crude oil contamination (Table 4). On the other 
hand, mycelia growth inhibition for A. flavus 
varied from 11.84% in 2.5% crude oil 
contamination to 35.83% in 10.00% level of 

crude oil contamination (Table 4). The 

metabolization of crude oil by the two fungi led 
to a reduction in the concentration of crude oil 

in the medium as shown in table 5.       
                                                                                                           

Table 4: Effect of Crude Oil on Mycelial Growth of Rhizosphere Fungi~ Aspergillus Flavus 

and Trichoderma Harzianum 
LEVEL OF CRUDE OIL CONTAMINATION (%) 

 2.50  5.00 7.50 10.00 

Time  
(Days) 

A. f T. h A. f T. h A. f T. h A. f T. h 

2 88.30±2.42 76.78±3.18 90.58±4.73 78.96±2.87 92.64±0.97 85.43±2.75 95.75±3.34 88.53±2.59 

4 76.39±1.05  58.85±0.21 83.94±1.03 60.74±0.66 76.18±0.64 60.47±1.25 89.33±0.76 69.45±0.71 

6 65.81±0.47 32.71±0.53 71.12±0.69 39.62±0.75      59.73±0.47 48.46±0.93 75.85±0.59 47.18±3.09 

8 47.89±0.66 17.31±0.49 55.81±0.25 20.84±0.27  43.87±0.21 17.93±0.44 63.85±0.59 28.91±0.65 

10 11.84±0.38 5.52±0.57 14.75±0.29 7.75±0.35 18.92±0.64 7.29±0.52 35.83±0.77 10.81±0.52 
*A. f- Aspergillus flavus; T. h – Trichoderma harzianum 

 

The final degradation efficiency of A. flavus and 

T. harzianum were 68.45% and 86.71% 
respectively at 5.00% level of crude oil 

contamination (Figure 1). The incubation period 
affected the degree of degradation as the 

concentration of crude removed increased with 

time (Figure 1). This can be explained by the 
fact that there was prolonged contact with 

fungal mycelia and enzymatic process with time 
and as such more reaction with the increased 

volume of enzymes in the medium (Echeveria, 
et al., 2020). The fungus T. harzianum, has 

more enzymes that can effectively degrade 

crude oil than A. flavus (Lee, et al., 2017). T. 
harzianum also colonized the contaminated 

substrates faster than A. flavus as shown by 
mycelial growth inhibition (Table 4). The high 

degradative potential of T. harzianum is 

consistent with reports of (Daccò, et al., 2020) 
in which the fungus performed better than 

other species of Trichoderma in the 
degradation of a petroleum hydrocarbon 

complex mixture. Trichoderma species had 

previously been reported to tolerate high 
concentrations of crude oil contamination and 

can effectively and completely remove crude oil 
from soil if co-metabolized with Tridax 

procumbens as shown in the current study 

(Hamzah, et al., 2012). Crude oil degradation 
rate of 60% was reported for Aspergillus flavus 
by Al-Dossary, et al. (2019) consistent with the 
study here. The particularly significant role 

played by fungi within the root zone of plants 
with high phytoremediation potentials is 

displayed by the enhanced remediation 

potential of the plant Verbascum sinuatum 
when rhizosphere fungi were added 

exogenously (Zuzolo, et al., 2021). The main 
mechanism of action in rhizoremediation 

involves bio-stimulation of microbial action by 

the root exudates which leads to co-metabolism 
of contaminants in the rhizosphere emphasizing 

the role of microbes in bioremdiation with 
plants in soil (Infante, et al., 2017). 
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Figure 1: Bioremediation Efficiency of Two Rhizosphere Fungi Isolated from Tridax procumbens and 

Chromolaena odorata at 5.00% Level of Crude Oil Contamination 
 

The fungi in a plant’s rhizosphere play very 

crucial roles in its live as they affect its ability 
to acquire nutrients, and their susceptibility 

to pathogens and harmful elements in the 
soil (Chamkhi et al., 2022). The presence of 

these diverse micro-fungi in the root zones of 

plants makes their rhizosphere a hot bed of 
activities (Chamkhi et al., 2022). It is known 

that the health of the soil is linked to 
mycorrhizal associations, a mutually 

beneficial relationship which involves plant 
roots and fungal species. This therefore 

means that the fungal community form 

beneficial relationships with plants to ensure 
continued survival of the plants and health of 

the soil ecosystem. 
Rhizoremediation of crude oil contaminated 

soils is a new biotechnological approach to safe 

clean-up of environmental contamination by 
petroleum hydrocarbons and heavy metal. 

Rhizoremediation employs the organisms 
within the rhizosphere of plants particularly 

weeds like Chromolaena odorata and Tridax 
procumbens. For successful rhizoremediation to 

be achieved, it is important to identify the soil 

microbes and know what roles they play as 
done here in this investigation. The microbes 

with crude oil degradation potential if identified, 
can be used with the plants as a co-metabolite 

for cleaning up crude oil contaminated soils 

effectively.  

Conclusion  

Rhizoremediation of crude oil contaminated 
soils is a new biotechnological approach to safe 

clean-up of environmental contamination by 

petroleum hydrocarbons and heavy metal. 
Rhizoremediation employs the organisms 

within the rhizosphere of plants particularly 
weeds like Chromolaena odorata and Tridax 
procumbens evaluated in the current study. For 

successful rhizoremediation to be achieved, it is 
important to identify the soil microbes and 

know what roles they play as done here in this 
investigation. The rhizosphere fungi, 

Aspergillus flavus and Trichoderma harzianum 
has crude oil remediation potential and can be 

used with the plants ~T. procumbens and C. 
odorata for simultaneous degradation of 
petroleum-based compounds from crude oil 

contaminated soils.  
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