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Abstract 
Crude oil contamination poses a severe threat to soil health and agricultural productivity. This study investigated the potential of liquid extract from plantain (Musa paradisiaca) trunk as a low-cost, eco-friendly biostimulant for mitigating crude oil toxicity in soil. The extract was obtained by squeezing freshly cut plantain trunk and sieving the filtrate. Soil was artificially contaminated with 2% w/w crude oil (130g per 6.5 kg soil) and divided into two groups: contaminated soil treated with 30cl of plantain trunk liquid applied every 3 days for 7 applications (B) and contaminated untreated (C) with an additional uncontaminated soil as control (A). After treatment, maize (Zea mays) seeds were planted in each soil sample and growth parameters (coleoptile and plumule emergence days, and seedling height at 15, 18, and 21 days) were monitored for 21 days. No germination occurred in the untreated contaminated soil, confirming the acute toxicity of crude oil. Seeds in the treated soil exhibited delayed germination (11–13 days) and measurable seedling growth, reaching mean heights of 7.0 ± 0.28 cm (Day 15), 13.45 ± 1.06 cm (Day 18), and 19.15 ± 0.35 cm (Day 21). The uncontaminated control showed faster germination (8–11 days) and superior growth (mean heights up to 22.9 ± 0.42 cm on Day 21). These results have demonstrated that plantain trunk liquid extract effectively reduced crude oil toxicity, enabling seed germination and seedling establishment while none occurred in the untreated soil. The observed improvement is attributed to biostimulation through provision of readily available nutrients, enhanced soil moisture and promotion of indigenous hydrocarbon-degrading microbial activity. This study provides preliminary evidence that supports the use of abundant agro-waste as a sustainable, low-cost amendment for bioremediation of crude oil polluted soils. Further investigation is recommended to quantify total petroleum hydrocarbon (TPH) reduction, characterize plantain trunk liquid’s chemical composition, assess microbial shifts and optimize application rates for large scale application.

Keywords: Plantain trunk, liquid extract, biostimulation, maize bioassay, agro-waste


1.0 INTRODUCTION 
The main driver of modern industrialization is crude oil but its pollution issue is pervasive and is a major source of soil contamination (Akpoghelie et al., 2021; Adeola et al., 2022). In the Niger Delta, spills have ravaged lands since the 1950s; perpetuating cycles of degradation (Adeniran et al., 2023). When released, crude oil infiltrates the soil, binds to soil particles' active sites inducing severe soil water repellency, increases soil pH, reduces soil organic matter content, essential nutrients while increasing the concentration of heavy metals (Yang et al., 2020; Roy and McGill, 2000; Devatha et al., 2019; Saikia et al., 2023; Umoren et al., 2019; Zahermand et al., 2020). It degrades soil structure, reduces porosity and aeration, limiting water availability for plants and also enhances surface runoff (Wang et al., 2013; Buzmakov et al., 2019). Its toxic effect inhibits microbial activity, leading to decline in the population and diversity of beneficial bacteria and fungi (Chen et al., 2023; Okafor, 2023). With time however, hydrocarbon-degrading organisms begin to dominate the microbial community, but overall metabolic function and soil health remain compromised for years (Polyak et al., 2024; Truskewycz et al., 2019). To relieve the soil of its toxicity, remediation is necessary. 
 
Conventional remediation techniques include excavation, soil washing, thermal desorption and chemical oxidation (Ahmad et al., 2020; Mambwe et al., 2021; Oil and Gas Portal, 2018). Despite their use, conventional methods possess significant drawbacks with some just relocating the problem causing secondary pollution (Adeniran et al., 2023; Lv et al., 2022; Sui et al., 2021; Vertase FLI, 2023b). The limitations of conventional remediation have made it necessary for sustainable remediation with the goal of balancing the effectiveness of contaminant removal with the preservation of natural soil assets (Vertase FLI, 2023a; Rizzo et al., 2016; Hou et al., 2023). It is within this context that bioremediation emerges as a promising alternative. 
 
Bioremediation is an environmental biotechnology that uses living organisms to detoxify, transform or break down pollutants into less harmful or non-toxic substances (Sharma, 2021; He et al., 2021; Ayilara and Babalola, 2023).  Essentially, bioremediation requires the presence of specific organisms that can degrade the contaminants, the availability of the pollutants to these organisms and a conducive environment for action (Tyagi and Kumar, 2021; Mekonnen et al., 2024). The key strategies for bioremediation include intrinsic bioremediation and engineered approaches like biostimulation or bioaugmentation (He et al., 2021; Etuk et al., 2024).

Organic substrates play a pivotal role in bioremediation through biostimulation, making contaminants available and for soil, improving its physical structure, aeration and water-holding capacity, indirectly fostering a more favourable habitat for hydrocarbon-degrading microbes (Lin et al., 2022; He and Su, 2015; Gupta and Sar, 2022; Al-Hawash et al., 2018; Niu et al., 2024). Organic substrates enhance crude oil degradation by improving microbial vigor, improving bioavailability and promoting synergy in consortia, where one microbe's metabolites aid another's degradation (Liu et al., 2025; Wu et al., 2022; Agbor et al., 2023; Ren et al., 2022). Organic substrates also protect cells while supplying nutrients for sustained activity and reduce toxicity by diluting inhibitors (Ren et al., 2022; Dmitrieva et al., 2022; Das et al., 2025; Fu et al., 2021). Plant-based materials, which are prime organic substrate, in bioremediation serve as eco-friendly boosters in stimulating microbial activity; their extracts/substrate supplying nutrients and biosurfactants which enhance the breakdown of hydrocarbons in soil (Patel et al., 2024; Okoro et al., 2021). Additionally, plants stabilize contaminants while their wastes feed degraders (Gamage et al., 2023; Brijesh et al., 2024). Liquid extracts from plants hold significant potential as readily available nutrient sources for microbes and excel in biostimulation as they penetrate soil pores to reach microbes directly (Krishnani et al., 2023). Unlike solid amendments that require a longer decomposition period, liquid extracts can provide instant nutrient access, delivering quick energy to indigenous degraders and shortening remediation timelines (Rakkammal et al., 2023; Maciel-Rodríguez et al., 2025; Agbor et al., 2023; Agbor et al., 2018). 
 
Previous studies provide strong evidence for the efficacy of plantain biomass in bioremediation. Osisami et al. (2024), studies indicated that the application of plantain trunk biochar to crude oil contaminated soil positively influenced the microbial community structure, favouring the proliferation of hydrocarbon-degrading bacteria, which led to enhanced remediation. In a similar vein, Agbor et al. (2018, 2023), multiple studies demonstrated that the amelioration of crude-oil polluted soils with various agro-wastes significantly enhanced both microbial growth and Total Petroleum Hydrocarbon (TPH) degradation compared to untreated polluted soil. These studies agree with the positive results seen with other plant-based materials, such as carrot peel waste (HamoudiBelarbi et al., 2018), confirming the general principle that nutrient-rich agricultural materials can effectively stimulate the native microbial consortia responsible for petroleum hydrocarbon breakdown. 
 
Plantain (Musa paradisiaca) is an abundant agricultural residue in tropical regions and its trunk liquid could serve as a potential biostimulant. Its inner pseudostem contains up to 85–90% water rich in carbohydrates, minerals, and trace elements that could support microbial proliferation (Etuk et al., 2024; Bala et al., 2022). The liquid extract from the plantain trunk, often discarded as waste, may enhance hydrocarbon degradation by supplying essential nutrients and maintaining soil moisture balance (Tyagi and Kumar, 2021; Abdel-Shafy and Mansour, 2019). Moreover, its natural sugars and micronutrients may stimulate native hydrocarbon-degrading bacteria, promoting faster mineralization of petroleum residues (Al-Hawash et al., 2018; Leung et al., 2019). 
 
Despite increasing studies on organic materials in soil remediation, empirical data on the use of plantain trunk liquid for crude oil–polluted soil are scarce. Previous works have focused largely on composts and solid residues, with little attention to liquid plant extracts as microbial stimulants (Niu et al., 2024; Wu et al., 2022). This study, thus seeks bioremediation potential of this liquid. Investigating the efficiency of plantain trunk liquid in improving and restoring soil properties could, therefore, fill a crucial knowledge gap. 
 
 
2.0 METHODS 
2.1. COLLECTION OF PLANTAIN TRUNK LIQUID  
The plantain plant used for this study was obtained from a staff compound close to Kenule Beeson Saro-Wiwa Polytechnic Bori. The plantain trunk liquid was collected in the same compound. The plantain plant chosen had these measurements: 
1. Height of Pseudostem: 2.3 meters.
2. Circumference: 188.50 cm (immediately after the corm); 150.80 cm (at the middle); 131.90 cm (before the outshooting of the leaves). 
Measurement was done with a graduating measuring tape.

The plantain plant was cut down and then into sizes that can be handled for squeezing. With gloved hands the cut out sections of the plantain trunk was squeezed into a 15L enamel basin that had been thoroughly washed with clean water, distilled water and collected plantain trunk liquid. After the collection, the collected liquid was sieved through muslin cloth and 3.5 liters of the filtrate was collected in a 10L container that was tightly sealed. This filtrate was taken to the glass blowing laboratory of Kenule Beeson Saro-Wiwa Polytechnic and stored at ambient temperature in a dark cabinet to minimize microbial growth and prevent photochemical degradation from where it was serially collected for use.  
2.2. CONTAMINATION OF SOIL  
From the botanical garden of Kenule Beeson Saro-Wiwa Polytechnic, 10kg of loamy soil was collected into a 15L enamel basin. From the 10kg soil, 3.5kg was removed into a 4L black perforated bucket and labelled A, to serve as control. The remaining 6.5kg soil was sieved thoroughly and distributed into five basins and allowed to dry for 24 hours. After drying, all dried soil was collected in a 15L enamel basin and thoroughly impregnated (by repeated manual mixing for 20 minutes) with 130g/154ml of crude oil (0.845 g/ml; 2% w/w). After impregnation, the container was taken to the laboratory, sealed and left for 48 hours to allow for proper oil distribution. 
2.3. MEASURING REMEDIATION USING MAIZE GROWTH BIOASSAY
After 48 hours, the contaminated soil was divided into two 4L black perforated buckets each having 3kg of contaminated soil, one labelled B and the other C. All soil samples, A B & C, were kept in a green house nursery where direct sunlight or rain did not reach the soil. Soil sample A served as control, B treated and C untreated. To sample B, 30cl of plantain trunk liquid was added (by spraying on the soil surface) once every 3 days for seven times. After the treatment, 1.4kg of soil from each sample was collected and put in a 1.5L transparent plastic container labelled A1, A2, B1, B2, C1 & C2. In each transparent container, two maize seeds were planted. The planted maize seeds were monitored for growth performance for 21 days. Growth performance monitored every 4pm daily included observation of emergency of coleoptile, plumule and height measurement (from day 15, 18 & 21). All calculations were done with calculator.net at https://www.calculator.net/statistics-calculator.html 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 RESULTS 
The results of the observations in this research are presented in tables 1 to 3 below: 
Table 1: Growth Performance of Zea mays in Untreated Control Soil 
	Sample  
	Coleoptile 
Emergence (Day) 
	Plumule 
Emergence 
(Day)  
	Height 
(cm) Day15 
	Height 
(cm) Day18 
	Height 
(cm) Day21 

	A1. 
	8 
	11 
	11.4 
	18.6 
	23.2 

	A2. 
	9 
	10 
	15.3 
	20.1 
	22.6 

	Mean ± 
SD 
	 
	 
	13.35 ± 
2.76 
	19.35 ± 
1.06 
	22.9 ± 0.42 


 
Table 2: Growth Performance of Zea mays in Polluted Treated Soil with Plantain Trunk Liquid 
	Sample  
	Coleoptile 
Emergence (Day) 
	Plumule 
Emergence 
(Day)  
	Height 
(cm) Day15 
	Height 
(cm) Day18 
	Height 
(cm) Day21 

	B1. 
	12 
	13 
	6.8 
	12.7 
	19.4 

	B2. 
	11 
	13 
	7.2 
	14.2 
	18.9 

	Mean ± SD 
	 
	 
	7.0 ± 0.28 
	13.45 ± 
1.06 
	19.15 ± 
0.35 


 
Table 3: Growth Performance in Polluted Untreated Soil 
	Sample  
	Coleoptile 
Emergence 
(Day) 
	Plumule 
Emergence 
(Day)  
	Height (cm) 
Day-15 
	Height (cm) 
Day-18 
	Height (cm) 
Day-21 

	C1. 
	No Emergency Observed  
	No Emergence Observed  
	No 
Emergence 
Observed  
	No 
Emergence 
Observed  
	No 
Emergence 
Observed  

	C2. 
	No Emergency Observed  
	No Emergence Observed  
	No 
Emergence 
Observed  
	No 
Emergence 
Observed  
	No 
Emergence 
Observed  


 
The results clearly show no germination in the untreated soil, indicating toxicity to the maize seed. There was germination and growth in the treated soil indicating partial remediation due to plantain trunk liquid but is slower compared to the control (12-13 days for germination; 7-19 cm height). In comparison to the treated soil, there was faster germination (10-11 days) and higher growth (up to 23 cm by day 21) in the control. The relationship between the mean growth performance in control and treated soil is presented in figure 1. 
 
Figure 1: Growth Performance Comparison  
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For a two-tailed t-test with critical t-value of 4.303 at 0.05 significance level, there's no significant growth difference between control and treated soils at day 15 (3.22) but significant growth difference at day 18 (5.57) and day 21 (13.73). This shows that even though treatment improved performance compared to untreated soil, the control soil markedly supports better growth than treated soil. The significance strengthens with time, indicating that the residual effect of crude oil still suppressed long-term growth. 
 
There was comparative reduction in plant growth between the treated and controlled soil. The percentage reduction in plant growth is presented in Table 4 
Table 4: Percentage Reduction in Plant Growth Between Control and Treated Soil 
 
	Parameters  
	Mean Height  
Day-15 
	Mean Height  
Day-18 
	Mean Height  
Day-21 

	Control Soil  
	13.35 
	19.35 
	22.9 

	Treated Soil  
	7.0 
	13.45 
	19.15 

	Difference in Mean Height  
	6.35 
	5.9 
	3.75 

	Percentage Reduction in Growth  
	47.56% 
	30.49% 
	16.38% 


 
The data presented in table 4 shows the percentage in growth reduction of maize plants in treated soil compared to the control. A numerical interpretation will point to plants in treated soil growing nearly as good as plants in control soil (47.56% in day 15, 30.5% in day 18 and 16.4% in day 21) contradicting already presented statistical results. It must be noted that plants (particularly annual crops) grow faster immediately after germination and comparatively slower as they stabilise towards maturity. Percentage reduction expresses magnitude of effect (biological importance) while statistical difference expresses confidence that the effect is not due to random chance. On day 15, the reduction appears large 47.56%, but there was high variability (SD = 2.76; Table 1) in control plants reducing statistical certainty; meaning differences could be due to random variation or uneven germination. On day 18, as plants stabilized, the difference became both numerically large and statistically reliable, showing growth suppression in treated soil is consistent and unlikely due to chance. On day 21, even with relatively smaller  difference, 16.4%, the statistical difference remained strong and became more consistent, meaning the control plants had stabilized at a higher final height. 
 
3.2 DISCUSSION  
Findings on growth performance in this study indicated that the lack of growth in the untreated soil support reports of crude oil impairment of soil health and plant viability. Crude oil alters soil’s physical and chemical properties by reducing aeration, clogging pores and creating water repellency that restricts root respiration and moisture absorption (Yang et al., 2020; Wang et al., 2013). It also coats soil particles, reducing nutrient exchange and elevates soil pH while increasing concentrations of toxic heavy metals (Devatha et al., 2019; Umoren et al., 2019; Zahermand et al., 2020). These alterations disrupt root-soil interactions, ultimately suppressing seed germination and seedling establishment as seen in the untreated soil samples. 
The delayed but eventual germination and growth in treated soil indicated that the plantain trunk liquid mitigated crude oil toxicity signifying the bioremediation potential of the treatment on the contaminated soil. This supports the biostimulation principle where external organic matter or nutrient sources are added to contaminated soils to accelerate microbial degradation (He et al., 2021; Mekonnen et al., 2024). The plantain trunk liquid likely served as an organic substrate, improving soil moisture, supplying readily available carbon and micronutrients, and probably microbial proliferation (Lin et al., 2022; Gupta & Sar, 2022). Such organic amendments do support hydrocarbon-degrading bacteria that metabolize petroleum hydrocarbons through enzymatic pathways involving oxygenases and dehydrogenases (Ławniczak et al., 2020; Al-Hawash et al., 2018). The improvement in maize growth in this study demonstrates that the liquid extract likely improved hydrocarbon bioavailability and nutrient balance, allowing plant roots to function. These findings agree with Osisami et al. (2024), who reported that plantain trunk biochar improved microbial community structure and enhanced degradation rates in crude oil– polluted soils. Similarly, Agbor et al. (2018, 2023) showed that agro-waste amendments improved microbial biomass and Total Petroleum Hydrocarbon (TPH) degradation. The present study adds to these findings by confirming that liquid extracts, not just solid wastes or biochars, can achieve similar effect. 
While the control soil produced taller  maize plants, the treated soil demonstrated a clear trend of recovery showing that plantain trunk liquid enhances bioremediation of crude oil–polluted soil. Although growth was delayed and the final height was lower than the control, this partial restoration represents a meaningful improvement over total inhibition in untreated soils. This pattern suggests that the liquid reduced toxicity sufficiently to permit plant growth and microbial metabolism, though not yet to the level of a fully restored soil ecosystem. Similar outcomes are common in early-stage bioremediation where pollutant levels decrease gradually as microbial populations establish (Polyak et al., 2024; Truskewycz et al., 2019). 
 
4.0 CONCLUSION  
This study has demonstrated that crude oil severely inhibits maize germination and growth by altering soil properties and inducing toxicity. However, treatment with plantain trunk liquid enabled delayed but successful germination and measurable growth within 21 days suggesting that the liquid improved soil conditions and promoted microbial degradation of hydrocarbons. The comparison of growth performance between control and treated soils revealed both numerical and statistical differences. Although plant height in the treated soil was initially about 48% lower than in the control at Day 15, this difference was not statistically significant (p > 0.05) due to early growth variability. By Day 18, the reduction in height (≈31%) became statistically significant (p < 0.05), indicating a consistent inhibitory effect of residual oil contamination. At Day 21, plant height in the treated soil remained 16% lower but the difference was highly significant (p < 0.05), confirming that while bioremediation improved plant growth relative to untreated soil, the treated soil still could not match the fertility of the uncontaminated control. This study has thus provided preliminary empirical evidence supporting plantain trunk liquid as a low-cost, eco-friendly amendment for the bioremediation of crude oil polluted soils. Further studies should determine chemical and proximate composition of the plantain trunk liquid, quantify the reduction in total petroleum hydrocarbons (TPH), analyze microbial community shifts, and optimize application frequency for large-scale use. 
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