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ABSTRACT: Heavy metals are known to have adverse effect on ecosystem and human health when ingested beyond 

tolerant limit as such phytoremediation utilizes plants to remediate metal polluted areas. The objectives of this study is to 
evaluate the potentials of sunflower in phytoremediation of chromium and lead from contaminated soil and to examine the 

rate of accumulation in roots, stems and leaves of sunflower (Helianthus annuus L.). Results showed that the plant has high 

concentration of Pb (1.77 mg/kg) at 10 and 12 (WAP) and there was no significant difference in the absorption rate throughout 
the experimental period, while at 2 WAP low concentration of Pb (1.52 mg/kg) was observed. The accumulation rate in the 

plant parts shows significant difference (p<0.05) at 2 and 6 WAP. The roots recorded the highest accumulation rate of both 

Pb and Cr 2.04 mg/kg and 1.60 mg/kg respectively, while the leaves recorded the least values 1.12 mg/kg and 0.09 mg/kg of 
Pb and Cr respectively. From results obtained heavy metal accumulation in sunflower was observed to be in the form 

leaves<stems<roots. Finally, sunflower has demonstrated to be a good absorber of Pb and Cr. Hence, it can be used in the 

phytoremediation of heavy metal contaminated soils. 
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Prevalence of heavy metal from one place to another 

depends upon the source of individual pollutant 

Adejube et al., (2017). High concentration of heavy 

metals in the soil brings about changes in the content 

of the macronutrient in plants grown under lead stress 

Kamil et al., (2019). Heavy metal accumulation may 

occur once penetrated into the root system or may be 

translocated aerially to other parts of the plant Shahid 

et al., (2011). Large amount of lead and chromium 

uptake was accumulated in the roots, followed by the 

stems and leaves. Poisonous pollutant causes series of 

lamella set up in the seed germination, chloroplast, 

chlorosis, number of mitochondrial cristae, reduces 

the process of photosynthesis and cell division 

Winska-Krysiak et al., (2015), crop tolerance index 

(TI) of sunflower (Atta et al., 2014), decrease total 

protein content, gene expression modification 

(Kovalchuk et al., 2005). Nevertheless, under lead 

stress condition certain amino acid like proline 

increases (Qureshi et al., 2007) a major role is played 

by such proteins in the tolerance of the plant 

biochemical and morphological differences (Kanwal 

et al., 2014). However, the extent of these effects 

differs and depends on the period of exposure, the 

heavy metal concentration, the developmental stage of 

plant and organ of interest (Pourrut et al., 2012).  

Sunflower (Helianthus annuus L.) possess important 

agronomic traits, such as tolerance to high and low 

temperatures and adaptation to variety of climate and 

soil is among the common environmental plants that is 

used in diverse situation because of its ability to grow 

fast with high biomass and it can hyper accumulate 

heavy metals (Kamil, et al., 2019). Several methods 

are already abound in clean-up of the environment 

from heavy metals. Physicochemical processes are 

regarded labour intensive, expensive, destructive and 

sometimes are associated with some secondary 

problems (Wu et al., 2010). However, 

phytoremediation is cost effective, efficient, 

environmental and eco-friendly cleaning method with 

wide acceptance (Revathi et al., 2011). This involves 

the use of green plants to purify soils, sediments, air 

and water. There are different types of remediation 

process these include phytofiltration, 

phytoremediation, phytodegradation, phytoextraction, 

phytovolatalization and phytostabilization, depending 

on the mechanisms for the remediation (Kamil et al., 

2019). Human activities such as mining and smelting 

of metals, electroplating, gas exhaust, fuel production, 

fertilizer, sewage and application of pesticides have 

made metal pollution one of the most severe 

environmental problems threatening plant growth and 
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yield by inciting some inert element making them 

soluble and available for plant uptake, thereby 

hazardous to human (Prassad, 2007).  Heavy metals 

(such as Lead, Cadmium, Chromium) have shown a 

negative effect particularly in non-tolerant species of 

plant as they affect the plant cellular activities such as 

photosynthesis, respiration, mineral nutrition, 

membrane structure and function and gene expression 

(Nasser et al., 2014). Though, some naturally 

occurring metals (such as Fe) are not known to have 

toxic effects, those of anthropogenic source (such as 

Arsenic, Lead, Chromium, Cobalt and Cadmium) are 

not biodegradable and could cause various diseases 

and disorder even in relatively low concentration 

(Naseer et al., 2014). Methods used in remediating 

heavy metal contaminated soil in developed countries 

are from high technological industries and these 

methods require expertise and are usually expensive to 

practice. The productivity of contaminated soils 

requires proper management practices. This could be 

attained through the application of phytoremediation 

on heavy metal contaminated soils. Therefore, this 

work is aimed at assessing the H. annuus in 

remediating Pb and Cr polluted soils. The objective of 

the study is to evaluate the potentials of sunflower in 

phytoremediation of chromium and lead from 

contaminated soil and to examine the rate of 

accumulation in roots, stems and leaves of the plant. 

 

MATERIALS AND METHODS 
Description of the study site: The studies was 

conducted at the research site of faculty of Agriculture, 

Ibrahim Badamasi Babangida University, Lapai 

(IBBUL), Niger State. The study area is located on 

latitude 09o4’39”N and longitude 06o34’27”E in the 

Southern Guinea Savannah of Nigeria. Lapai is a local 

government area in Niger State, Nigeria; adjoined to 

Federal Capital Territory, it has an area of 3,051 km2 

and a population of 110,127 (NPC, 2006). The area 

experiences both dry and wet seasons. Annual rainfall 

ranges from about 1200 mm in the north to 1600 mm 

in the south and the duration varies from 150 to 210 

days with mean maximum temperature of 32oC 

(Tsepav et al., 2014). The inhabitant are 

predominantly farmers, among the crops they cultivate 

are maize, guinea corn, millet, groundnut and soybean 

(Garba, et al., 2017). 

 

Treatments and Experimental Design: The study was 

carried out in the research site of faculty of 

Agriculture, Ibrahim Badamasi Babangida University 

Lapai (IBBUL). The treatments consisted of 2 heavy 

metals which were Lead (Pb (NO3)2 = 17.4g) and 

Chromium (Cr2O3 = 34.9g) and a control. Seeds were 

grown in plastic pots filled with equal quantity of 

composite oil sample (10 kg), while plastic pots were 

inoculated with heavy metals based on the treatment 

combination. The experiment was laid out in 

Completely Randomized Design (CRD) replicated 3 

times. Ten seeds were sown on each pot at equal 

distance and there were irrigated every 2-3 days for a 

period of eighty-four days. 

 

Soil Sample and Analysis: Soil samples were 

randomly collected at depths of 0-15 cm from training 

and research farm of IBBU with the aid of an auger.  

Soil samples were bulked and 500g was weighed, air 

dried, crushed and sieved to pass through 2 mm sieve 

for determination of physical and chemical properties 

of the soil using standard procedure (Table 1). The 

remaining soil sample was used for filling the plastic 

pots for the plant growth. 

 

Plant sample collection and analysis: Plant samples 

were collected at an interval of two weeks by 

uprooting without replacement using hand and 

separated into leaves, stems and roots. The samples 

were thoroughly washed off of soil particles and rinsed 

with distilled water and dried to a constant weight in 

an oven at a temperature of 70oC. The dried samples 

were ground to powder using pestle and mortar and 

sieved using 2 mm mesh. Dried powdered samples 

were digested with 60% HClO4, concentrated HNO3 

and H2SO4 (Opaluwa et al., 2012). The digested 

samples were analyzed for Chromium (Cr) and Lead 

(Pb) using atomic absorption spectrophotometer 

(AAS). The result of the data was subjected to analysis 

of variance (ANOVA) using SAS statistical package 

at p≤0.05. 

 

RESULTS AND DISCUSSION 
Soil analysis: Soil analysis was conducted to ascertain 

the physical and chemical properties of the soil. Result 

showed that soil used for the experiment was 

texturally sandy loam, acidic at pH 5.4, low in organic 

carbon (2.53%), low total nitrogen (0.79%) and 

moderately available phosphorus (16.53cmolkg-1). 

The exchangeable cations showed that sodium (1.10 

cmolkg-1), potassium (0.18 cmolkg-1), calcium (4.11 

cmolkg-1) and magnesium (5.26 cmolkg-1) were high, 

very low, low and high respectively (Table1).  

 

The poor status of soil may have aroused from 

continuous cropping activities in field which must 

have caused degradation effects on the soil. These 

results corroborate the report of Tully et al. (2015) 

who revealed that the possible cause of soil 

degradation is expansion and intensification of 

agriculture in efforts to feed its growing population 

especially in Sub-Saharan Africa (SSA). 
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Table 1: Physical and chemical characteristics of soil before 

sowing 

Parameter Values Rating 

Soil pH 5.4 Acidic 

Organic carbon (%) 2.53 Very High 

Total nitrogen (%) 0.19 High 
Available phosphorus (%) 16.53 Moderate 

Na (cmolkg-1) 1.10 High 

K (cmolkg-1) 0.18 High 
Ca (cmolkg-1) 4.11 Moderate 

Mg (cmolkg-1) 5.26 High 

Sand (%) 84.24 - 
Silt (%) 10.28 - 

Clay (%) 5.48 - 

Soil Textural Class Sandy Loam - 

Rating according to Esu, (1991). 

 

 
Fig 1: Lead and Chromium concentration in plant 

 

Lead and chromium concentration in plant: Result 

from plant samples analyzed (figure 1), shows that 

both lead and chromium were below permissible limit 

in all the samples collected at 2, 4, 6, 8, 10 and 12 week 

after planting. Highest lead concentration was 

recorded in 10 and 12 WAP 1.77 and 1.77 mg/kg 

respectively (figure 1) compared to the control which 

recorded 0.56 and 0.57 mg/kg respectively the above 

result is in line with Saima et al., (2010) who noted 

that Helianthus annuus L., showed more uptake of Pb 

in comparison to other metals. Also the concentration 

of chromium (figure 2), was 0.46 and 0.71 mg/kg as 

against the control 0.25 and 0.31 mg/kg in the 

analyzed samples in 2 and 12 WAP. 

 

 
Fig 2: Chromium concentration in plant 

 

Lead Accumulation in Plant Parts: In Table 2, Lead 

accumulation in the roots of sunflower was very high 

at 12 WAP and low at 2 WAP (2.04 mg/kg and 1.60 

mg/kg). It was observed that during the growing 

period there was continuous accumulation of lead in 

root of the plants before it is translocated to other parts 

of the plant, this was observed in contaminated soils. 

Similarly, the stem recorded high value at 12 WAP and 

low at 2 WAP (1.98 mg/kg and 1.53 mg/kg). 

Furthermore, in the leaves, lead accumulates highest 

at 12 WAP and the lowest at 2 WAP (1.84 mg/kg and 

1.12 mg/kg) respectively. The values obtained in the 

roots, stems and leaves were all above the control but 

did not exceed the plant tolerant limit of 2.5 mg/kg as 

was reported by Francis, (2017). 

 
Table 2: Lead accumulation in the plant parts (mg/kg). Results are mean of replicates ± standard deviation 

 
Table 3: Chromium accumulation in the plant parts (mg/kg). Results are mean of replicates ± standard deviation 

Treatment Plant Part 2 WAP 4 WAP 6 WAP 8 WAP 10 WAP 12 WAP 

Control Root ND 0.02±0.10 0.04±0.20 0.04±0.10 0.06±0.10 0.09±0.00 

Stem ND ND 0.02±0.10 0.02±0.10 0.03±0.10 0.03±0.00 
Leave ND ND ND ND 0.01±0.10 0.02±0.00 

Chromium Root 0.16±0.20 0.30±0.10 0.30±0.10 0.32±0.30 0.40±0.20 1.60±0.20 

Stem 0.09±0.30 0.16±0.10 0.29±0.20 0.31±0.10 0.32±0.20 0.39±0.00 
Leave 0.09±0.10 0.12±0.20 0.15±0.10 0.20±0.20 0.21±0.10 0.27±0.00 
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Chromium Accumulation in Plant Parts: Chromium 

concentration in roots, stem and leaves of plant were 

presented in Table 3. Chromium accumulation in 

contaminated soils kept increasing from 2 WAP to 12 

WAP in both the roots, stems and leaves of the plants. 

Roots recorded 1.60 mg/kg and 0.16 mg/kg at 12 and 

2 WAP. The stems recorded 0.39 mg/kg at 12 WAP 

and 0.09 mg/kg at 2 WAP, so also the leaves recorded 

0.27 mg/kg at 12 WAP and 0.09 mg/kg at 2 WAP. This 

indicates that roots absorbed first and in large amount 

before translocated to other parts of the plants. The 

concentration of lead Pb in plant parts varied from 1.12 

to 2.04 mg/kg, compared to the permissible limit for 

plants recommended by (WHO, 1996)(2 mg/kg), were 

below permissible limit except the root at 12 WAP 

where 2.04 mg/kg was recorded which is slightly 

above the limit (Table 2). The value of chromium (Cr) 

in the plant parts varied from not detected (ND) to 1.60 

mg/kg, compared to the permissible limit for plants 

recommended by (WHO, 1996)(1.30 mg/kg)Cr. All 

the plant parts are below the standard except the root 

at 12 WAP which recorded 1.60 mg/kg (Table 3). This 

is as a result of slow uptake of Cr by plant shoot 

Ogundele et al., (2015). Finally, the concentrations of 

both lead and chromium in the three parts of treated 

plants were found to be in the order: 

leaves<stem<roots which was also reported by Kamil 

et al., (2019). 

 

Conclusion: Phytoremediation is a good approach for 

remedying soils contaminated with heavy metals from 

oil spillage, industrial sludge and effluent from 

hospitals. This study made an attempt in evaluating the 

potentials of sunflower (Helianthus annuus L.) in 

phytoremediation of chromium and lead from 

contaminated soil. Conclusively, (Helianthus annuus 

L.) was found to absorb lead and chromium without 

much expression of stress condition throughout the 

growing period. Therefore, sunflower (Helianthus 

annuus L.) is suitable for use in the phytoremediation 

of contaminated soils. 
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