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Abstract 

 
Globally, the risks, environmental and health-wise, posed by soil contamination with heavy metals, particularly lead (Pb) and 

aluminum (Al), is significant. The use of ornamental plants, in phytoextraction, as a remedy strategy against this contamination is not 

only aesthetically viable but also a sustainable strategy. Two ornamental species: Bougainvillea spectabilis and Zinnia elegans were 

evaluated in this study for their potential to extract Pb and Al from contaminated soil. The study also assessed the role of organic 

fertilizer (5% farmyard manure) in boosting their phytoextraction efficiency. Under controlled greenhouse conditions, plants were 

subjected to three concentrations (100, 200, and 300 mg kg⁻¹) each of Pb (as Pb(NO₃)₂) and Al (as AlCl₂), with or without organic 

amendment. Morphological, physiological, and biochemical parameters were measured six weeks post-treatment conditions. The 

results revealed that both Pb and Al significantly (p≤ 0.05) led to reduction in the plant height, leaf number, leaf area, and biomass in 

both species. These adverse effects were, however, ameliorated by the use of organic fertilizer as growth parameters were improved by 

up to 28%. Physiological parameters like, stomatal conductance, transpiration rate, chlorophyll fluorescence (Fv/Fm), and total 

chlorophyll content, were also affected negatively by the heavy metal soil contamination. These indicators, nevertheless, were also 

ameliorated with the of organic amendment. The increase in metal accumulation in shoots and roots was proportional with rising 

external concentrations. Comparatively, the shoots recorded higher accumulation than roots. The translocation factor (TF) was 

increased by up to 75% in B. spectabilis and 72% in Z. elegans as organic fertilizer further improved metal uptake and translocation. 

Taken together, these results upholds that organic fertilizer greatly promotes the growth, physiology, and metal-accumulating capability 

of both B. spectabilis and Z. elegans. Therefore, this investigation lends credence to the adoption of organic-amended ornamental plants 

as an efficient, sustainable panacea for the phytoextraction of Pb and Al from contaminated soils, while combining remediation with 

ecological and aesthetic advantage. 
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Introduction 
 

Heavy metals soil contamination still rank high as part 

of the environmental challenge faced worldwide. It is 

largely caused by improper waste disposal and 

anthropogenic activities like mining, industrial emissions 

and agricultural practices (Haghighizadeh et al., 2024). 

The challenge heavy metals pose in the environment could 

be more dire than organic pollutants since heavy metals are 

non-degradable and can remain in soils for many years, 

leading to significant risks to human well-being, health, 

food safety and ecosystem, through bioaccumulation and 

trophic transfer (Yadav et al., 2025). Lead (Pb) and 

aluminum (Al) are among the most notable metallic 

pollutants. Even at relatively minute concentrations, both 

Pb and Al exhibit high toxicity to humans, plants, animals, 

and humans (Generalova et al., 2025; Ofoe et al., 2023). 

Lead is a highly toxic and prevalent element. According 

to the Agency for Toxic Substances and Disease Registry 

(ATSDR), it ranks second on the priority list of hazardous 

substances. Coupled with natural processes such as volcanic 

activity and weathering, anthropogenic sources contribute to 

Pb release and accounts for its pervasiveness and 

widespread. These activities include effluents from 

industries, leaded gasoline, paints and batteries (Raj & Das, 

2023). Pb toxicity, in plants, disturbs the uptake of nutrients, 

activity of enzyme, triggers oxidative stress, and impairs 

photosynthesis, leading to reduction in growth and yield 

decline (Ur Rahman et al., 2024). According to the World 

Health Organization (WHO), the maximum allowable lead 

(Pb) concentration is 2 mg kg⁻¹ in plants and 50–300 mg kg⁻¹ 

in agricultural soils. Exceeding these limits can result in 

severe morphological and physiological damage. 

Despite its abundance in the Earth’s crust, Aluminum 

becomes phytotoxic especially in acidic soils (pH < 5.5), 

where it solubilizes into the mobile Al³⁺ form. The negative 

consequences of Al toxicity, leading to enormous 

reductions in plant productivity, emanates from its root 

elongation inhibition, membrane integrity disruption, and 

cellular division disturbance and nutrient acquisition 

interference (Ofoe et al., 2023). Unlike other plants that 

exclude Al from their root uptake, hyperaccumulators are 
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plants that can take up Al and translocate it. 

Hyperaccumulators are thus desirous for phytoextraction 

and remediation of soil heavy metals contamination. 

The dark sides of conventional remediation approaches, 

such as excavation, soil washing and soil stabilization, include 

high cost of resources and energy coupled with its undesirous 

soil ecosystem disruption (Yadav et al., 2025). Conversely, 

phytoremediation, particularly, phytoextraction offers the 

economic, sustainable and eco-friendly alternative. Plants 

used for phytoextractions reduce metal loads by up taking, 

translocating and concentrating metals in harvestable above-

ground tissues (Eben et al., 2024). 

Nevertheless, low metal bioavailability in soil, slow 

plant growth, and insufficient biomass production can 

impede the efficiency of phytoextraction. To surmount these 

limitations, the use of soil enhancements strategies comes 

handy. The commonly utilised strategies are agronomic 

practices, use of microbial inoculants, synthetic chelators 

and soil amendments (Sabir et al., 2013). Soil amendments 

using biochar and organic materials like manure and 

compost have a dual of advantage of improving soil fertility 

and promoting metal mobility. Ultimately, these organic 

matters promote plant growth and metal uptake as they alter 

soil pH, provide essential nutrients and improve soil 

microbial activity (Hong et al., 2022). 

Especially in urban and peri-urban areas, ornamental 

plants are increasingly recognized as potential candidates for 

phytoremediation. Since they are not edible crops, the risk 

of heavy metals entering the food chain is minimized. 

Simultaneously, they provide aesthetic, ecological, and 

economic benefits (Liu et al., 2018). Bougainvillea 

spectabilis and Zinnia elegans are particularly well-suited 

because of their rapid growth, substantial biomass 

production, resilience to environmental stress, and capacity 

to accumulate metals within their tissues (Neto et al., 2020). 

However, systematic studies examining the combined role 

of organic amendments on the phytoextraction capacity of 

these ornamental species are scarce. 

The current investigation thus aims to assess the 

potential of B. spectabilis and Z. elegans for the 

phytoextraction of Pb and Al from contaminated soils, and 

to investigate the effect of organic fertilizer (5% farmyard 

manure) in improving their remediation efficacy. 

This study specifically focuses on how metal stress and 

organic amendments influence plant growth, physiological 

performance, as well as the processes of metal accumulation 

and translocation. The outcomes are expected to support the 

development of sustainable, plant-based remediation 

strategies that combines soil improvement, landscape 

valorisation and pollution mitigation. 

 

Materials and Methods  

 

Plant materials and growth conditions: The study was 

carried out in a glasshouse at the of the Department of 

Biological Sciences, King Abdulaziz University (Jeddah, 

Saudi Arabia) to ensure controlled conditions. The 

greenhouse conditions maintained were a 12-hour 

photoperiod supplemented with artificial lighting, 25–

27°C, and 60% relative humidity. The seeds of both 

ornamental species, B. spectabilis and Z. elegans, were 

gotten from a local store in Jeddah. Plants were grown in 

plastic pots of 30 cm height and 15 cm diameter, lined with 

polyethylene bags to prevent leaching. 6 kg of uniform soil 

was used to fill each pot. The soil was taken from the 

topmost layer (0–20 cm) of an uncontaminated agricultural 

field in Jeddah. It was sieved (2 mm), air-dried, and 

homogenized. 

Initial physicochemical properties were: 

- Texture: Sandy loam (62% sand, 28% silt, 10% clay; 

determined by the hydrometer method) 

- pH: 7.4 ± 0.2 (in 1:2.5 soil:water suspension) 

- Organic Matter: 1.2% ± 0.1% (by loss-on-ignition) 

- Cation Exchange Capacity (CEC): 8.5 ± 0.5 cmol⁺ kg⁻¹ 

- Background Metals (Total): Pb: <15 mg kg⁻¹; Al: 1,200 ± 

85 mg kg⁻¹. 

 

Experimental design and treatments: The experimental 

setup used a factorial design of 2 × 2 × 3 × 3 and a 

completely randomised design. This involved both plant 

species of B. spectabilis and Z. elegans and two fertilizer 

conditions that is, with and without organic fertilizer (5% 

farmyard manure, FYM). While the two heavy metals 

(HM) in the study are Aluminum (Al) as AlCl₂ and Lead 

(Pb) as Pb(NO₃)₂, the three HM concentrations used were: 

100, 200, and 300 mg kg⁻¹. Each treatment was replicated. 

Three replicates was used per treatment combination. 

The experiment included the following treatment groups: 

1. Control (C): Soil without HM addition. 

2. HM-only treatments (T1, T2, T3): Soil spiked with Al 

or Pb at 100, 200, or 300 mg kg⁻¹. 

3. HM + Organic Fertilizer (OF) treatments: Soil spiked 

with HM as above and amended with 5% (w/w) FYM. 

 

Heavy metal solutions were prepared in distilled water 

and applied evenly to the soil surface. Pots were left for 

stabilization before transplanting uniform seedlings at the 

three-leaf stage. FYM was applied at a rate of 5% (w/w). 

For each pot (6 kg soil), 300 g of FYM was thoroughly 

incorporated into the top 15 cm of soil one week prior to 

transplanting. For metal+FYM treatments, FYM was 

incorporated after metal equilibration. 

 

Data collection: After six weeks of treatment, plants were 

randomly selected from each replicate for morphological, 

physiological, and biochemical analyses. 

 

Morphological parameters: Plant height (cm) was 

measured from the soil surface to the shoot apex. Leaf 

number was counted manually per plant. Leaf area (cm²) 

was estimated using the formula by Fascella et al., (2017) 

based on length and width measurements.  

For fresh and dry biomass measurements, shoots were 

separated from roots, weighed immediately for fresh weight, 

then dried at 80°C for 72 hours to determine dry weight. 
 

Physiological parameters: Gas exchange and chlorophyll 

fluorescence were measured using a portable 

photosynthesis system (CIRAS-3, PP Systems). This 

includes stomatal conductance (Gs, mmol m⁻² s⁻¹), 

transpiration rate (E, mmol m⁻² s⁻¹), and chlorophyll 

fluorescence (Fv/Fm) i.e. the ratio of variable to maximum 

fluorescence of dark-adapted leaves. 
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Biochemical analyses: Total chlorophyll content was 

determined spectrophotometrically using 80% acetone 

extracts following the method of Coombs et al., (1985). 

Absorbance was measured at 646 and 663 nm, and 

chlorophyll concentration was calculated using the Beer–

Lambert equation. Heavy metal concentration in plant 

tissues: Shoots and roots were dried, ground, and digested 

in a 4:1 (v/v) mixture of HNO₃ and HCl at 200°C. 

Concentrations of Al and Pb were quantified using atomic 

absorption spectroscopy (PerkinElmer Optima 8000). 

Translocation factor (TF) was calculated as: 

 

Translocation factor, TF= 
The metal concentration in shoot (

mg

kg
)

The metal concentration in root (
mg

kg
)

 

 

Statistical analysis 

 

Data were subjected to one-way analysis of variance 

(ANOVA) using SPSS version 25.0. Treatment means 

were compared using Duncan’s Multiple Range Test 

(DMRT) at a significance level of p≤0.05. Results are 

presented as mean ± standard error (SE) of three replicates. 

 

Results 

 

Growth parameters: The growth of both B. spectabilis 

and Z. elegans was significantly p≤0.05 affected by heavy 

metal (Al and Pb) exposure and organic fertilizer (OF) 

amendment (Tables 1 and 2). 

In B. spectabilis, increasing concentrations of Al and Pb 

reduced plant height, leaf number, leaf area, and shoot 

biomass (fresh and dry weight) in a dose-dependent manner. 

The highest concentration (300 mg kg⁻¹) of Pb caused the 

most severe reduction in plant height (37 cm vs. 69 cm in 

control) and leaf number (30.11 vs. 50.13 in control). Under 

these adverse conditions of Pb contamination, especially at 

300 mg kg⁻¹, organic fertilizer (5% FYM) mitigated the bad 

consequences on the plants by improving the plant height by 

4 cm (37 in HM only plants vs 41cm in HM+OF plants) and 

dry weight by up to 18 percent. 

Similarly, Z. elegans exhibited growth inhibition 

under Al and Pb stress, with the most pronounced effects 

at 300 mg kg⁻¹. Organic fertilizer application improved 

growth metrics, particularly at lower metal concentrations. 

For example, under Pb stress at 100 mg kg⁻¹, plant height 

increased from 27.51 cm (HM-only) to 30.04 cm 

(HM+OF), and dry weight increased by 28%. 

 

Physiological Parameters 

 

Stomatal conductance (Gs): Stomatal conductance was 

significantly reduced by Al and Pb stress in both species 

p≤0.05. Organic fertilizer amendment mitigated this 

reduction, increasing Gs by 8–27% in B. spectabilis and 

4–27% in Z. elegans relative to HM-only treatments 

(Figs. 1 and 2). 

 

Transpiration rate (E): Transpiration rate followed a 

similar trend, with significant decreases under HM stress. 

Organic fertilizer increased E by 19–38% in B. spectabilis 

and 14–27% in Z. elegans across treatments (Figs. 3 and 4). 

 

Chlorophyll fluorescence (Fv/Fm): The Fv/Fm ratio, an 

indicator of photosystem II efficiency, declined under HM 

stress. Organic fertilizer improved Fv/Fm by 8–16% in B. 

spectabilis and 11–25% in Z. elegans (Figs. 5 and 6). 

 

Total chlorophyll content: Total chlorophyll content 

decreased with increasing HM concentrations. Organic 

fertilizer significantly restored chlorophyll levels, with 

increases of up to 32% in B. spectabilis and 28% in Z. 

elegans at the highest HM concentration (Figs. 7 and 8). 

 

Heavy metal accumulation in plant tissues: Heavy metal 

accumulation in shoots and roots increased with rising 

external concentrations (Tables 3 and 4). Both species 

accumulated higher concentrations of Al and Pb in shoots 

than in roots. Organic fertilizer further enhanced metal 

accumulation, particularly in shoots. 
 

Table 1. Effect of Al, Pb, and organic fertilizer (5% FYM) on growth parameters of Bougainvillea spectabilis. 

Control (mg/Kg) 

Elements + 

Treatments 

Plant height  

(cm) 

Number of leaves/ 

plant 

Leaf area  

(cm2) 

Fresh shoot  

(g) 

Dry shoot  

(g) 

Al 

T1 62 ± 5.4ᵃ 47.25 ± 4.1ᵃ 11.97 ± 1.1ᵃ 38.11 ± 3.41ᵃ 5.88 ± 5.3ᵃ 

T2 50 ± 4.9ᵇ 46.57 ± 5.4ᵃ 10.19 ± 0.92ᵇ 36.77 ± 3.23ᵇ 5.27 ± 5.12ᵇ 

T3 49.3 ± 4.8ᵇ 35.91 ± 3.6ᵇ 9.82 ± 5.4ᶜ 34.36 ± 3.31ᶜ 4.98 ± 5.31ᶜ 

Pb 

T1 69 ± 5.8ᵃ 50.13 ± 4.8ᵃ 16.43 ± 1.5ᵃ 39.22 ± 3.4ᵃ 5.64 ± 5.5ᵃ 

T2 63 ± 5.5ᵇ 47.66 ± 4.5ᵇ 13.57 ± 1.2ᵇ 35.16 ± 3.12ᵇ 5.01 ± 5.23ᵇ 

T3 37 ± 3.2ᶜ 30.11 ± 2.8ᶜ 12.73 ± 1.12ᶜ 34.17 ± 3.2ᶜ 4.15 ± 5.32ᶜ 

Organic fertilizer 5% + Element (mg/Kg) 

Elements + 

Treatments 

Plant height  

(cm) 

Number of leaves/ 

plants 

Leaf area  

(cm2) 

Fresh shoot  

(g) 

Dry shoot  

(g) 

Al 

T1 71 ± 6.7ᵃ 56.10 ± 4.7ᵃ 15.11 ± 1.2ᵃ 45.79 ± 3.9ᵃ 5.87 ± 0.4ᵃ 

T2 61 ± 5.2ᵇ 49.31 ± 4.7ᵇ 14.88 ± 1.15ᵃ 43.16 ± 3.8ᵃ 5.11 ± 0.4ᵇ 

T3 56 ± 5.1ᶜ 43.83 ± 4.1ᶜ 12.67 ± 1.2ᵇ 41.23 ± 3.7ᵇ 5.01 ± 4.3ᵇ 

 

Pb 

T1 75 ± 5.3ᵃ 52.17 ± 5.02ᵃ 17.02 ± 1.13ᵃ 48.55 ± 4.1ᵃ 5.69 ± 0.3ᵃ 

T2 67 ± 5.9ᵇ 51.33 ± 4.3ᵃ 15.60 ± 1.17ᵇ 44.90 ± 3.4ᵇ 5.57 ± 0.5ᵃ 

T3 71 ± 6.7ᵃ 56.10 ± 4.7ᵃ 15.11 ± 1.2ᵃ 45.79 ± 3.9ᵃ 5.87 ± 0.4ᵃ 

Values are means ± SE (n=3). Different letters within columns indicate significant differences (p≤0.05) among treatments for each metal 
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Table 2. Effect of Al, Pb, and organic fertilizer (5% FYM) on growth parameters of Zinnia elegans. 

Control (mg/Kg) 

Elements + 

Treatments 

Plant height  

(cm) 

Number of leaves/ 

plant 

Leaf area  

(cm2) 

Fresh shoot  

(g) 

Dry shoot  

(g) 

Al 

T1 27.53 ± 2.66ᵃ 21.61 ± 2.22ᵃ 5.8 ± 0.43ᵃ 13.41 ± 1.46ᵃ 3.18 ± 0.4ᵃ 

T2 25.88 ± 2.46ᵇ 20.19 ± 2.07ᵇ 5.68 ± 0.88ᵃ 11.09 ± 1.16ᵇ 2.81 ± 0.22ᵇ 

T3 24.16 ± 2.46ᵇ 19.33 ± 2.12ᶜ 5.09 ± 0.83ᵇ 10.98 ± 1.33ᶜ 2.67 ± 0.34ᵇ 

Pb 

T1 27.51 ± 2.31ᵃ 24.17 ± 2.4ᵃ 6.39 ± 0.9ᵃ 13.41 ± 1.31ᵃ 3.18 ± 0.4ᵃ 

T2 26.92 ± 2.25ᵇ 22.63 ± 2.76ᵇ 5.95 ± 0.37ᵇ 11.09 ± 1.37ᵇ 2.81 ± 0.2ᵇ 

T3 25.09 ± 2.09ᶜ 21.44 ± 2.3ᶜ 5.13 ± 0.82ᶜ 10.98 ± 1.39ᶜ 2.67 ± 0.21ᵇ 

Organic Fertilizer 5% + Element (mg/Kg) 

Elements + 

Treatments 

Plant height  

(cm) 

Number of leaves/ 

plants 

Leaf area  

(cm2) 

Fresh shoot  

(g) 

Dry shoot  

(g) 

Al 

T1 29.44 ± 2.82ᵃ 27.55 ± 2.71ᵃ 7.52 ± 0.7ᵃ 12.94 ± 1.1ᵃ 4.02 ± 0.4ᵃ 

T2 27.09 ± 2.56ᵇ 25.13 ± 2.56ᵇ 6.86 ± 0.66ᵇ 11.33 ± 0.96ᵇ 3.42 ± 0.32ᵇ 

T3 26.85 ± 2.62ᶜ 23.16 ± 2.3ᶜ 6.99 ± 0.64ᵇ 10.71 ± 1.0ᶜ 3.20 ± 0.3ᵇ 

 

Pb 

T1 30.04 ± 2.91ᵃ 28.19 ± 2.72ᵃ 7.29 ± 0.67ᵃ 17.65 ± 1.3ᵃ 4.08 ± 0.4ᵃ 

T2 29.83 ± 2.89ᵃ 25.46 ± 2.6ᵇ 7.03 ± 0.68ᵃ 16.37 ± 1.3ᵇ 3.89 ± 0.29ᵃ 

T3 28.61 ± 2.87ᵇ 23.10 ± 2.56ᶜ 5.9 ± 0.57ᵇ 15.22 ± 1.2ᶜ 3.40 ± 0.32ᵇ 
Values are means ± SE (n=3). Different letters within columns indicate significant differences (p≤0.05) among treatments for each metal 

 
Table 3. Concentration of Al and Pb (mg kg⁻¹ dry weight) in 

shoot and root tissues of Bougainvillea spectabilis under 

different treatments. 

Elements + 

Treatments 

Control  

(mg/Kg) 

organic fertilizer 5% 

+ Element(mg/Kg) 

Shoot 

Al 

T1 5.12 ± 1.83ᶜ 37.22 ± 4.99ᶜ 

T2 12.01 ± 2.67ᵇ 49.83 ± 4.60ᵇ 

T3 25.05 ± 4.00ᵃ 81.24 ± 6.66ᵃ 

Pb 

T1 11.17 ± 2.66ᶜ 56.08 ± 3.57ᶜ 

T2 20.90 ± 1.55ᵇ 60.55 ± 3.30ᵇ 

T3 29.37 ± 2.88ᵃ 96.85 ± 6.96ᵃ 

Root 

Al 

T1 4.18 ± 0.80ᶜ 9.65 ± 1.48ᶜ 

T2 10.19 ± 1.78ᵇ 18.91 ± 3.46ᵇ 

T3 18.72 ± 3.20ᵃ 27.94 ± 2.76ᵃ 

Pb 

T1 9.40 ± 1.43ᶜ 11.31 ± 1.76ᶜ 

T2 16.98 ± 2.20ᵇ 15.03 ± 2.92ᵇ 

T3 23.58 ± 1.76ᵃ 28.23 ± 2.56ᵃ 
Values are means ± SE (n=3). Different letters within columns indicate 
significant differences (p≤0.05) among treatments for each metal 

 

Table 4. Concentration of Al and Pb (mg kg⁻¹ dry weight) in 

shoot and root tissues of Zinnia elegans under  

different treatments. 

Elements + 

Treatments 

Control  

(mg/Kg) 

organic fertilizer 5% 

+ Element(mg/Kg) 

Shoot 

Al 

T1 11.46 ± 1.89c 35.93 ± 2.28c 

T2 18.66 ± 4.13b 65.80 ± 4.94b 

T3 30.62 ± 5.47a 83.94 ± 9.47a 

Pb 

T1 9.08 ± 1.80c 48.56 ± 0.90c 

T2 17.92 ± 2.26b 59.89 ± 4.20b 

T3 30.32 ± 2.46a 95.47 ± 5.68a 

Root 

Al 

T1 11.46 ± 1.89ᶜ 35.93 ± 2.28ᶜ 

T2 18.66 ± 4.13ᵇ 65.80 ± 4.94ᵇ 

T3 30.62 ± 5.47ᵃ 83.94 ± 9.47ᵃ 

Pb 

T1 9.08 ± 1.80ᶜ 48.56 ± 0.90ᶜ 

T2 17.92 ± 2.26ᵇ 59.89 ± 4.20ᵇ 

T3 30.32 ± 2.46ᵃ 95.47 ± 5.68ᵃ 
Values are means ± SE (n=3). Different letters within columns indicate 
significant differences (p≤0.05) among treatments for each metal 

Translocation factor (TF): The translocation factor (TF) 

increased with rising HM concentrations and was further 

enhanced by organic fertilizer application (Figs. 9 and 

10). For B. spectabilis, TF increased by 58–75% under Al 

and Pb stress with OF. In Z. elegans, TF increased by 32–

72% under the same conditions. These results indicate 

improved root-to-shoot metal translocation in the 

presence of organic amendments. 

 

Discussion 

 

Generally, heavy metals abundance in the soil is a 

major menace in soil health globally. The usage of 

ornamental plants in phytoextraction combines the 

aesthetic appeal and a more cost-effective choice approach 

to conventional remediation. The present finding proves 

that both B. spectabilis and Z. elegans can accommodate 

and tolerate Al and Pb toxicity. It further establishes that 

the tolerance of both species is further enhanced by the 

application of organic fertilizer. 

Organic fertilizer mitigates heavy metal-induced 
growth inhibition: According to Gupta et al., (2013), 
heavy metals have negative impacts on the growth of plants 
by disturbing their photosynthesis, root development and 
uptake of nutrients. In this experiment similarly, Al and Pb, 
considerably, reduced plant height, leaf surface area, leaf 
number and biomass in both B. spectabilis and Z. elegans. 
By way of comparison, it was evident that Pb toxicity was 
higher than Al toxicity. This outcome agrees with previous 
reports on metal-induced growth in ornamental species 
(Neto et al., 2020). 

The application 5% FYM greatly relieve the plant of 
these unfavourable impacts. The perceived improvement in 
growth under OF amendment can be linked to several 
causes like nutrient availability (N, P, K) and improved soil 
fertility. Other factors are enhanced soil structure and 
water-holding capacity, stimulation of useful microbial 
activity in the rhizosphere chelation of metals by organic 
matter and reducing phytotoxicity. Similar favourable 
impacts of organic adjustments on plant growth under 
heavy metal stress have been documented for other species 
(Irin & Hasanuzzaman, 2024; Saleem et al., 2024). 
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Fig. 1. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) on 

stomatal conductance (Gs) of Bougainvillea spectabilis. The data 

that are being displayed are the means (±SE) of three replicates, and 

bars with different letters differ significantly from one another 

when compared at the p≤0.05 level of statistical significance. 

 

 
 

Fig. 2. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) 

on stomatal conductance (Gs) of Zinnia elegans. The data that are 

being displayed are the means (±SE) of three replicates, and bars 

with different letters differ significantly from one another when 

compared at the p≤0.05 level of statistical significance. 

 

 
 
Fig. 3. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) on 

transpiration rate (E) of Bougainvillea spectabilis. The data that are 

being displayed are the means (±SE) of three replicates, and bars 

with different letters differ significantly from one another when 

compared at the p≤0.05 level of statistical significance.  

 
 

Fig. 4. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) 

on transpiration rate (E) of Zinnia elegans. The data that are being 

displayed are the means (±SE) of three replicates, and bars with 

different letters differ significantly from one another when 

compared at the p≤0.05 level of statistical significance. 

 

 
 

Fig. 5. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) on 

chlorophyll fluorescence (FV/FM) of Bougainvillea spectabilis. The 

data that are being displayed are the means (±SE) of three replicates, 

and bars with different letters differ significantly from one another 

when compared at the p≤0.05 level of statistical significance. 

 

 
 
Fig. 6. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) on 

chlorophyll fluorescence (FV/FM) of Zinnia elegans. The data that 

are being displayed are the means (±SE) of three replicates, and 

bars with different letters differ significantly from one another 

when compared at the p≤0.05 level of statistical significance. 
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Fig. 7. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) 

on total Chl of Bougainvillea spectabilis. The data that are being 

displayed are the means (±SE) of three replicates, and bars with 

different letters differ significantly from one another when 

compared at the p≤0.05 level of statistical significance. 

 

 
 

Fig. 8. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) 

on total Chl of Zinnia elegans. The data that are being displayed 

are the means (±SE) of three replicates, and bars with different 

letters differ significantly from one another when compared at the 

p≤0.05 level of statistical significance. 
 

 
 
Fig. 9. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) on 

the translocation factor (TF) of Bougainvillea spectabilis. The data 

that are being displayed are the means (±SE) of three replicates, and 

bars with different letters differ significantly from one another 

when compared at the p≤0.05 level of statistical significance. 

 

 
 
Fig. 10. Impact of heavy metals (Al, Pb) + organic fertilizer (5%) 

on the translocation factor (TF) of Zinnia elegans. The data that 

are being displayed are the means (±SE) of three replicates, and 

bars with different letters differ significantly from one another 

when compared at the p≤0.05 level of statistical significance. 

Physiological responses to heavy metal stress and 

organic amendment: Heavy metals can negatively 

interfere with photosynthesis in plants via stomatal closure, 

chlorophyll degradation and impaired electron transport 

(Gao et al., 2022). Our report corroborates this assertion as 

reduced transpiration rate, chlorophyll fluorescence, 

stomatal conductance and total chlorophyll contents were 

recorded during Pb and Al stress. 

Interestingly, organic fertilizer alleviated these 

physiological impairments, possibly through improved 

antioxidant defence systems, increased availability of 

elements like magnesium for chlorophyll synthesis, 

reduced oxidative stress via metal chelation and better 

water relations and nutrient balance 

As stated by Landi & Guidi (2023), maintenance of 

Photosystem II integrity is essential for of ensuring 

photosynthetic efficiency vis-à-vis stress conditions. It is 

noted from our results that the Fv/Fm ratio which was 

negatively affected by the metal stress was restored in OF-

treated plants. This serves as a vital indicator for the 

protection of Photosystem II. Consequently, these 

physiological improvements contribute directly to metal 

accumulation capacity and better biomass production. 

 

Heavy metal accumulation and translocation patterns: 

Both B. spectabilis and Z. elegans had higher Al and Pb 

concentration in shoots than the roots. This may be due to 

efficient mechanisms of metal translocation. This may be 

important for phytoextraction, as metal removal may be 

easy. The concentration-dependent mechanism of metal 

uptake by plants is consistent with the literature on metal 

uptake by ornamental plants (Neto et al., 2020). 

The application of organic fertilizer increased the 

concentration of metals in plant parts, especially shoots. 

This may be due to increased plant growth, resulting in 

increased metal uptake. Organic fertilizers may have 

increased the solubility of metals by generating organic 

acids, thereby increasing metal uptake by plants 

The high value of the translocation factor (TF) for all 

treatments, especially those amended with organic 
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fertilizer, where TF was higher than 1, shows that both 

plants can efficiently transport metals from the roots to the 

shoots—a condition necessary for efficient phytoextraction 

(Usman et al., 2019). 

 

Species-specific performance and practical 

implications: B. spectabilis was more tolerant to metals 

and had greater potential for metal accumulation compared 

to Z. elegans, especially for Pb. This can be due to its 

perennial habit, more developed root system, and inherent 

physiological characteristics. Nevertheless, Z. elegans has 

great potential, especially when organic fertilizer was used. 

 

The implications of the study for its potential 

applications are as follows: 

The study has implications for the potential 

applications of the two plant species in the 

phytoremediation of Al and Pb in contaminated soils. It 

also has implications for the aesthetic value of using 

organic fertilizer in the process. In general terms, the 

implications of the study can be summed up as follows: 

The two plant species have great potential for 

phytoremediation of Al and Pb in contaminated soils. 

The use of organic fertilizer has aesthetic value in addition 

to its potential in phytoremediation. 

 

Mechanisms of organic fertilizer enhancement: The 

positive effects of organic fertilizer in our study are 

probably mediated through several interacting processes: 

1. Chemical: The formation of metal-organic complexes 

and changes in the speciation of the metals. 

2. Physical: The improvement of the structure and 

aeration of the soil and the development of plant roots. 

3. Biological: The stimulation of microorganisms that 

are involved in the transformation of the metals and 

the nutrients in the soil. 

4. Nutritional: The delivery of nutrients that are vital for 

the metabolism of the plant and the development of 

stress tolerance. 

These processes are likely to result in what can be 

referred to as "assisted phytoextraction." 
 

Future research directions: Although the results of our 

study have shown the advantages of using organic fertilizer 

in the process of phytoextraction, some points need to be 

further explored. It is necessary to examine the results in 

long-term field experiments in different conditions of the 

environment. It is also important to examine the molecular 

processes that control the uptake, transport, and 

detoxification of metals in the plant species used. It is also 

important to examine the impact of different organic 

fertilizers and rates of their application. It is also important 

to examine the potential risks of using organic fertilizers in 

terms of leaching and the food chain. It is also important to 

conduct economic studies to examine the possibilities of 

using the mentioned methods in practice. It is also 

important to examine the potential for using organic 

fertilizers in combination with other methods for 

increasing the efficiency of phytoextraction. 
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