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Abstract: Natural processes and anthropogenic activities are responsible for the ever-increasing 
contamination of heavy metals in plants and soils. Elevated levels of heavy metals are reported 
to threaten physiological processes and functions of plants, also deteriorating microbial activities 
that, in turn, lower the quality of soils. However, some plant species are capable of tolerating 
elevated levels of heavy metals by extracting large amounts of the metals without developing any 
phytotoxic effects. The effectiveness of plants/crops to remove heavy metal pollutants from the 
soils depends on the nature of the plant and physical, chemical, geological and biological 
conditions of a particular region. This study aimed to investigate the potential of Helianthus 
annuus L. (sunflower) to extract lead and cadmium from polluted soils at the University of 
Dodoma, considering that the soil in that area is reportedly polluted. The levels of lead and 
cadmium in sunflower roots, leaves and in artificially polluted soils and control (pollutant-free 
soils) were measured by the atomic absorption spectrophotometer. The results indicate 
significantly high bioaccumulation factor and translocation factor of sunflower grown in lead-
polluted soil and the control soil with cadmium (non-polluted), respectively (p < 0.05). The study 
concluded that in Dodoma, a semi-arid area, sunflower, which is highly cultivated in that region, 
is a hyperaccumulator for cadmium and an excluder for lead; thus, suitable for phytoremediation 
initiatives. Further studies on sunflowers, particularly heavy metal accumulation in seeds, which 
are borne on the harvestable part of the plant, are recommended. 
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Introduction  
 
Pollution is gradually threatening the safety of the environment in many parts of the world. Heavy metals are among the 
pollutants predisposed to interact with biotic and abiotic components of ecosystems, consequently altering processes and 
goods therein. The spread of heavy metals in the environment is linked to industrial production, mining, agrochemicals and 
utilisation of metal-based compounds (Tchounwou et al., 2012; Sarwar et al., 2017; Fodoué et al., 2022). However, heavy 
metals such as cobalt, copper, iron, manganese, molybdenum, selenium and zinc play crucial roles in physiological functions 
in plants and animals, mainly as cofactors that enable enzymes to perform their functions, also governing many cellular 
functions (Theron et al., 2012; Kumar et al., 2016). All in all, the right amounts of these elements are needed for the proper 
functioning of the organisms. On the other hand, heavy metals like arsenic, cadmium, lead and mercury are non-essential to 
organisms and contribute to pronounced problems in soils, plants, animals and air (Duce and Buh, 2010; Johri et al., 2010; 
Rehman et al., 2017; Islam and Sandhi, 2022). Soils are reservoirs in which plants are mainly harboured. Decomposition of 
organic matter and cycling of nutrients by microorganisms depend on the health status of soils. In soils, elevated levels of 
heavy metals decrease the biomass of microorganisms, thereby interfering with enzyme activities that ultimately affect the 
decomposition of organic matter (Sharma et al., 2007; Hernández, 2008; Hu, 2021). To plants, elevated levels of heavy 
metals limit reproductive success, cause chlorosis, which tends to inhibit photosynthesis, growth, membrane permeability, 
nutrient uptake and water absorption due to darkening of roots (Fox, 1995; Parsafar and Marofi, 2013; Nas and Ali, 2018; 
Nascimento et al., 2021; Musa, 2021).  
In heavy metal-contaminated soils, growing plants tend to accumulate the metals in edible and non-edible parts (Gupta et 
al., 2013). In food crops, such metal accumulation has been linked to bioaccumulation through feeding relationships (Rani 
and Kaushik, 2023). Despite the negative effects of elevated levels of heavy metals on plants, Baker et al. (1994) and Miranda 
et al. (2022) recognise two major groups of plants, viz., tolerant and non-tolerant plants. Heavy metal-tolerant plant species 
are capable of concentrating higher levels of the metals in their shoots without showing any phytotoxic effects. Also, plants  
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Table 1. The average levels of Pb and Cd in artificially polluted soils and pollutant free soils. 
Pot no. Source of artificial 

pollution 
Pb (mg/kg) Cd (mg/kg) 

1 Lead acetate 2134.11  
2 Lead acetate 338.91  
3 Lead acetate 22.11  
4 Lead acetate 102.63  
5 Lead acetate 1221.33  
6 Lead acetate 100.32  
7 Cadmium chloride  4.29 
8 Cadmium chloride  299.97 
9 Cadmium chloride  45.54 
10 Cadmium chloride  198.99 
11 Cadmium chloride  91.08 
12 Cadmium chloride  4.62 
13 None ND 0.99 
14 None 0.33 3.63 
15 None 1.98 1.32 
16 None 0.99 ND 
17 None 32.34 0.99 
18 None 0.33 66.99 

ND = Not detected. 
 
exhibit heavy metal tolerance through chelate formation between heavy metal ions and plant ligands at the cellular level 
(Sharma and Dietz, 2006; Manara, 2012). Furthermore, heavy metal tolerance by plants can be achieved by restricting heavy 
metal ions in the roots through root sorption, metal ion precipitation and exclusion (Dalvi and Bhalerao, 2013). On the other 
hand, heavy metal non-tolerant plants cannot withstand the negative impacts of heavy metals; instead, they end up being 
negatively affected. 
Phytoremediation is an emerging, cheap technology that uses plants to degrade, extract, contain or immobilise heavy metal 
pollutants in the environment (Pillon-Smits, 2005; Yan et al., 2020; Zhao et al., 2023). Of the phytoremediation techniques, 
phytoextraction has recently drawn the attention of environmental ecologists elsewhere. The process makes use of plant 
species that can take up toxic metals from soils through the root system and accumulate them in the shoots. Helianthus 
annuus L. (sunflower) is among the heavy metal hyperaccumulator and biofuel plants reported in many parts of the world, 
such as Spain, Britain, Australia and China (Madejón et al., 2003; Pilon-Smits, 2005; Alaboudi et al., 2018). Additionally, the 
response of crops/plants to elevated levels of heavy metals cannot be generalised due to physical, chemical, biological and 
geological differences in regions. In Tanzania, there has been limited information regarding the heavy metal 
hyperaccumulation capacity of the sunflower plant. Sunflower is grown on land which is 6% of the entire productive land 
of the country (Groot et al., 2019). The leading regions in the production of sunflowers are Dodoma, Singida and Mbeya 
(Zeng et al., 2017). So far in Dodoma, Pb and Cd pollution have been reported in soils (Mohamed and Haule, 2018; Abu et 
al., 2021). This called for finding ways of cleaning the soil in that area.  
The aim of this study, therefore, was to assess the capacity of Helianthus annuus L. (sunflower) to extract Pb and Cd from 
artificially polluted soil at the University of Dodoma. 
 
Results  
 
The levels of lead and cadmium in artificially polluted soil and pollutant-free soil  
The results presented in Table 1 show the levels of lead and cadmium in artificially polluted soils and the control (pollutant-
free) soils.  
 
Bioaccumulation factor of Helianthus annuus L. (sunflower) for Pb and Cd  
Bioaccumulation factor of sunflower for Pb in artificially Pb polluted soil and in the control (pollutant-free) ranged between 
0.70 and 0.88, with mean of 0.79 ± 0.03, and 0.39 and 0.52, with mean of 0.45 ± 0.03, respectively (Fig. 1). Furthermore, the 
bioaccumulation factor for Cd in artificially Cd polluted soil and the control ranged from 0.41 to 0.73, with mean of 0.54 ± 
0.05, and 0.18 to 0.35, with mean of 0.23 ± 0.03, respectively (Fig. 1). One Way ANOVA revealed a significant difference in 
bioaccumulation factors of sunflower for lead and cadmium under artificially polluted soils and pollutant-free soils (p < 
0.05). The Tukey-Kramer post-test indicated significant differences in bioaccumulation factors by sunflower between all 
groups, except between Cd-polluted soil and Pb in control soil (pollutant-free soil) (p < 0.05). Bioaccumulation of Pb and Cd 
from soil to roots by sunflower followed the order: Pb-polluted soil > Cd-polluted soil > pollutant-free soil for Pb > pollutant-
free soil for Cd. 
 
Translocation factor for Pb and Cd by Helianthus annuus L. (sunflower) 
 Translocation factor of Pb by sunflower in artificially Pb-polluted soil and Pb in the control soil (pollutant-free) ranged 
between 0.13 and 0.41, with a mean of 0.22 ± 0.04 and 0.63 and 1.58, with a mean of 0.87 ± 0.18, respectively (Figure 2).  
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Fig. 1. Heavy metal bioaccumulation (BAF) by sunflower plant in artificially Pb and Cd polluted soils, and in the control.  
 
Furthermore, the translocation factor for Cd by sunflower in artificially Cd-polluted soil and Cd in the control soil ranged 
from 0.83 to 1.37, with a mean of 1.14 ± 0.09, and 1.57 to 3.23, with mean of 2.25 ± 0.20 (Figure 2). Kruskal-Wallis test 
indicated that there is a significant difference in translocation of Pb and Cd in the artificially Pb and Cd-polluted soils and 
the control soils (KW = 18.9, p < 0.05). Dunn’s post hoc test revealed that the translocation factor of sunflower was 
significantly different only between Pb-polluted soil and Cd in the control soil (pollutant-free soil). The trend of 
translocation of Pb and Cd from roots to leaves of sunflower followed the order: Cd in pollutant-free soil > Cd-polluted soil 
> Pb in pollutant-free soil > Pb-polluted soil. 
 
Discussion 
 
This study shows that elevated levels of lead were found in the roots of sunflowers grown in Pb-polluted soil, as depicted 
by a high bioaccumulation factor. Even for sunflowers grown in non-polluted soils, high levels of lead were found in the 
roots when compared with cadmium. High levels of Pb in sunflower (Helianthus annuus L.) roots and low levels in shoots 
were also reported in China (Zhou et al., 2020) and Nigeria (Abdullahi et al., 2021). In Germany, higher levels of Pb were 
found in roots of Helianthus tuberosus (Willscher et al., 2017). Likewise, in Iran, the trend of lead storage in sunflower parts 
was root > stem > leaves (AL-Jobori and Kadhim, 2019). However, our finding contradicts with Crist et al. (2005) regarding 
the storage of higher levels of lead in the leaves of sunflower.  The discrepancy could have resulted from the inducement of 
lead uptake using a chelating agent, EDTA, which was used in that study.  
Furthermore, this study suggests that sunflower was capable of absorbing large amounts of lead from both polluted and 
non-polluted soils but retaining the metal in the root zone. Ecologically speaking, this is beneficial since the chances of the 
toxic metal contaminating the harvestable part of the sunflower (the head) will be minimal. In Zambia and Iran, sunflowers 
were reported as effective plants in removing lead from contaminated soils (Mbuki and Mbewe, 2017; AL-Jobori and 
Kadhim, 2019). For effective performance, those studies recommended using sunflowers during the early stage of 
development (Adesodun et al., 2010; Mbuki and Mbewe, 2017). On the contrary, Madejón et al. (2003) did not recommend 
sunflower for the extraction of lead from polluted soils because of removing only limited levels but leaving much more 
metals in soils. Based on this background, sunflowers are more suitable for removing lead from lead-contaminated soil. But 
on the other hand, restriction of lead in the roots of the plant could not be feasible, particularly when considering the least 
translocation factor of the metal.  
If a phytoextraction project aims to completely remove heavy metals from a particular area, then sunflowers could be a 
candidate plant for eliminating cadmium.  This argument is given based on the high translocation factor of sunflowers for 
cadmium, in that much of the metal is stored in the leaves. This is more appropriate because leaves with elevated levels of 
cadmium can be harvested and eliminated from a particular area. This finding conforms to Crist et al. (2005), who reported 
higher levels of cadmium in sunflower leaves in America.  
Nevertheless, the detected lead and cadmium levels in the roots and leaves of sunflowers grown in the control suggest heavy 
metal pollution in the soils of the study area. This supports earlier findings of Mohamed and Haule (2018), who reported on 
heavy metal pollution in the Dodoma region. The permissible limits for levels of lead and cadmium in soil and plants are 85 
mg/kg, 2 mg/kg and 0.8 mg/kg, 0.02 mg/kg, respectively (World Health Organisation (WHO), 1996). In Nigeria, Francis et 
al. (2017) reported that in sunflowers, the amounts of lead and cadmium were below detection levels because of growing 
on soil with heavy metals that were below the detection limit.  
The results of this study imply that sunflower (Helianthus annuus L.) is a good absorber of heavy metals, though their 
sequestration to the aerial parts may be governed by the type and characteristics of the metallic ion. This study, therefore, 
identifies sunflower as a hyperaccumulator for cadmium and an excluder for lead. A plant is recognised as a 
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hyperaccumulator for heavy metals if its translocation factor exceeds 1; or an excluder if it retains high levels of the metals 
in the roots but with a translocation factor below 1 (Ginocchio and Baker, 2004; Yang et al., 2005; Boularbah et al., 2006; 
Rotkittikhun et al., 2006). The deep root system of sunflowers is reported as a suitable architecture for facilitation of heavy 
metal uptake from soils (Tomé et al., 2008). The possible tolerance of sunflower for elevated levels of cadmium and lead 
polluted soils is in agreement with Niu et al. (2007), who reported on the capacity of sunflower for Pb and Cd uptake in 
China.  
 

 
Fig. 2. Heavy metal translocation factor (TF) by sunflower plant in artificially Pb and Cd polluted soils, and the control. 
Groups with the same letters do not differ statistically, while those with different letters show significant differences. 
 
Materials and Methods 
 
The study area 
This study was carried out at the University of Dodoma, which is located in Dodoma District, in the central part of Tanzania.  
The University of Dodoma is located along latitude 6°10′23ꞌꞌS and longitude 35°44′31''E. Dodoma is a semi-arid region 
receiving a modest amount of rainfall, which ranges between 550 and 600 mm per year; the rainy season usually starts from 
December to April (Gayo, 2021). In that area, the mean annual temperature is 29ºC, with the lowest and highest peaks of 
13ºC and 30ºC experienced in July and November, respectively (Kayombo et al., 2020). The soils of Dodoma are categorised 
based on hydrological characteristics, these include phaeozems and leptosols with poor groundwater retention, as well as 
vertisols and acrisols with moderately suitable groundwater permeability and retention properties respectively (Mseli et 
al., 2021). In Dodoma, the soil textural classes consist of coarse sand, loamy and clays underlaid with hard sub-soils (Msanya 
et al., 2018). Dodoma Region has a population of 3,085,625 people (United Republic of Tanzania (URT), 2022). The main 
economic activity in that area is agriculture, involving farming and livestock keeping. Sunflowers are among the crops 
cultivated. In Tanzania, Dodoma is among the best three regions in the production of sunflowers. Yet heavy metal pollution 
from Pb and Cd has been reported in soils of that region (Mohamed and Haule, 2018; Abu et al., 2021).  
 
Experimental set-up 
The experiment was done in the greenhouse at the Department of Biology (University of Dodoma) using 18 pots of 30 cm 
height and diameter of 40 cm with at least three holes at the bottom. The height of 30 cm was chosen based on the deep-
rooting nature of the sunflower plant (Ennos, 2000). The pot with a diameter of 40 cm was used to give seedling spacing of 
30 cm as recommended by Wright (2022). Thirty-six kg of fresh soil collected from the above ground of canopy trees was 
used. Two kilograms of fresh soil were independently put in each of the eighteen pots.  
 
Artificial pollution by heavy metal salts 
Initially, 2000 mg lead acetate (Pb(C2H3O2)2) was added to each of the first six pots, while 200 mg cadmium chloride (CdCl2) 
was separately put into the other six pots to artificially polluting the soils as recommended by Wang et al. (2013) and Ugwu 
et al. (2019). The resulting mixtures were well-mixed. In the last six pots, no heavy metal salt was added as they served as 
controls (Chunilall et al., 2005). The samples in all pots were left for one month to give time for thorough mixing particularly 
for the artificially polluted pots. The soils were dampened twice a week.  
 
Processing of soils and sunflowers for heavy metal analysis 
After one month of mixing, all soils were analysed for levels of Cd and Pb before sowing of Helianthus annuus (sunflower) 
seeds. After heavy metal analysis in soils, four sunflower seeds (commercial hybrid AGUARA 4) that were purchased from 
a vendor in Dodoma City were sown 30 cm apart in each of the 18 pots. Watering was done early in the morning or late 
evening as needed until the vegetative stage was attained (Schneiter and Miller, 1981). After one month of growing the 
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sunflowers, about 10 g of roots and leaves were separately collected from each pot for heavy metal analysis. Before analysis, 
the roots and leaves were thoroughly washed with distilled water to remove all adhering particles. The roots and leaves 
were oven-dried at 105˚C to constant weights. The dried roots and leaves were cooled and ground to powder using a 
wearing blender as recommended by Allen (1989). Five grams from each sample were used for analysis of Pb and Cd after 
digestion with 5 ml of 5:1 concentrated Perchloric (HClO4) and Nitric (HNO3) acid mixture (Allen, 1989). The resulting 
mixtures were then heated in a Kjeldahl Thermo at 200˚C to complete digestion. After digestion, samples were left to cool, 
and then distilled water was added up to the 50-ml mark. The digested samples were filtered to get clear solutions for heavy 
metal analysis. 
 
Data collection 
The levels of Pb and Cd in soils were analysed by the atomic absorption spectrophotometer 4210 MP-AES, Model G8007A, 
at the College of Earth Sciences and Engineering of the University of Dodoma. Likewise, the levels of heavy metals Pb and 
Cd in roots and leaves were analysed by the atomic absorption spectrophotometer 4210 MP-AES, Model G8007A. Standard 
Reference Material of National Institute of Standards and Technology (NIST) 2709 San Joaquin soil and tomato leaf (SRM 
1573a) were used, with percentage recoveries of 83% Pb and 85% Cd. 
 
Data analysis 
In this study bioaccumulation factor (BAF) of Pb and Cd from the soil to Helianthus annuus L. was determined by calculating 
the ratio of metal levels in the root to that of the soil as:  
 

                     (Equation 1) 
                                                                   (Fitz and Wenzel, 2002) 
Pb and Cd translocation from root to shoot of Helianthus annuus L. was measured by translocation factor (TF) which is given 
by: 
 

                (Equation 2)   
                                                     (Baker and Brooks, 1989; Al Salman and Abdul Aziz, 2002) 
Bioaccumulation factor values of sunflowers grown in Pb-polluted soil, Cd-polluted soil and control (pollutant-free) were 
assessed using One Way ANOVA due to their parametric nature. On the other hand, data on translocation factors of 
sunflowers for Pb and Cd in polluted and control (pollutant-free) soils were assessed using Kruskal-Wallis because they 
were nonparametric. 
 
Conclusions  
 
In this study, it was concluded that sunflower (Helianthus annuus L.) has potential as a candidate plant for cleaning lead and 
cadmium-polluted soils. This is evidenced by the high bioaccumulation factors for lead and translocation factors for 
cadmium. The fate of extracted lead from lead polluted soil is retaining the metal in the roots. On the other hand, the amounts 
of cadmium extracted by sunflower from cadmium polluted soil are transported and subsequently stored in leaves. 
Therefore, sunflower is a hyperaccumulator for cadmium and an excluder for lead in heavy metal-polluted soils. In many 
regions, heavy metals mostly found in contaminated soils are lead and cadmium (Musa, 2021). Thus, related studies using 
native crops/plants are recommended, considering regional variations in physical, chemical, geological and biological 
conditions. Also, a thorough investigation of heavy metal contents in sunflower seeds is recommended considering that 
these are the common harvested and consumed plant parts that can result into bioaccumulation of toxic metals in 
herbivores and/or omnivores in food chains/webs. 
 
Acknowledgements 
 
We authors express our gratitude to the University of Dodoma for permitting us to carry out this study. Also, University of 
Dodoma staff namely, Mr. Mashaka Komanya of the College of Natural and Mathematical Sciences and Mr. Audax Kiwango 
from the College of Earth Sciences and Engineering are acknowledged for assistance in soil processing and heavy metal 
analysis, respectively. 
 
Authors' contributions 
Both authors formulated the conception and design of this study. MM participated in data collection, and then the data were 
analysed by NM. NM drafted the manuscript, which was then revised by both authors. NM and MM approved the manuscript 
for submission.   
 
Conflict of interests 
There are no competing interests to declare. 
 



1137 
 

Funding  
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.  
 
References 
 
Abdullahi MB, Animashaun IM, Garba Y, Adamu A, Yisa PB (2021) Phytoremediation of lead and chromium using 

sunflower (Helianthus annuus L.) in contaminated soils of IBB University, Lapai, Nigeria. J Appl Sci Environ Manage. 
25(6): 1003–1007. 

Abu M, Kalimenze JD, Mvile B, Kazapoe R (2021) Sources and pollution assessment of trace elements in soils of the central, 
Dodoma region, East Africa: Implication for public health monitoring. Environ Technol Innov. 23(1): 101705.   

Adesodun JK, Atayese MO, Agbaje TA, Osadiaye BA, Mafe OF, Soretire AA (2010). Phytoremediation potentials of 
sunflowers (Tithonia diversifolia and Helianthus annuus) for metals in soils contaminated with zinc and lead nitrates. 
Water Air Soil Pollut. 207: 195–201. 

Alaboudi KA, Ahmed  B, Brodie G (2018) Phytoremediation of Pb and Cd contaminated soils by using sunflower 
(Helianthus annuus) plant. Ann Agric Sci.  63(1): 123–127. 

AL-Jobori KM, Kadhim AK (2019) Evaluation of sunflower (Helianthus annuus L.) for phytoremediation of lead 
contaminated soil. JPSR. 11(3): 847–854. 

Allen SE (1989) Chemical Analysis of Ecological Materials. 2nd edition. Blackwell Scientific Publications, Oxford. 
Al Salman IM, Abdul Aziz M (2002) Lead bio-accumulation in Baghdad city, Iraq.  JJOAS. 4: 6–11. 
Baker AJ, Brooks R (1989) Terrestrial higher plants which hyperaccumulate metallic elements. A review of their 

distribution, ecology and phytochemistry. Biorecovery. 1(2): 81–126. 
Baker AJM, McGrath SP, Sidoli CMD, Reeves, RD (1994) The possibility of in situ heavy metal decontamination of polluted 

soils using crops of metal-accumulating plants. RCR. 11 (1–4): 41–49.  
Boularbah A, Schwartz C, Bitton G, Aboudrar W, Ouhammou A,  Morel  JL (2006) Heavy metal contamination from mining 

sites in South Morocco: 2. Assessment of metal accumulation and toxicity in plants. Chemosphere. 63(5): 811–817. 
Chunilall V, Kindness A, Jonnalagadda SB (2005) Heavy metal uptake by two edible Amaranthus herbs grown on soils 

contaminated with lead, mercury, cadmium and nickel. J Environ Sci Health. 40(2): 375–384. 
Crist RH, Rusenko BA, Martin JR, Crist DR (2005) Toxic metal uptake by sunflower, switchgrass, and Alyssum. JPAS. 79(1): 

29–34. 
Dalvi AA, Bhalerao SA (2013) Response of plants towards heavy metal toxicity: an overview of avoidance, tolerance and 

uptake mechanism. Ann Plant Sci. 2: 362–368.  
Duce JA, Bush A (2010) Biological metals and Alzheimer's disease: implications for therapeutics and diagnostics. Prog 

Neurobiol. 92(1): 1–18. 
Ennos AR (2000) The mechanics of root anchorage. Adv Bot Res. 33: 133–157. 
Fitz WJ, Wenzel WW (2002) Arsenic transformation in the soil–rhizosphere–plant system, fundamentals and potential 

application of phytoremediation. J Biotech. 99: 259–278. 
Fodoué Y, Ismaila A, Yannah M, Wirmvem MJ, Mana CB (2022) Heavy Metal contamination and ecological risk assessment 

in soils of the Pawara Gold Mining Area, Eastern Cameroon. Earth. 3(3): 907–924.  
Fox TR (1995) The influence of low-molecular-weight organic acids on properties and processes in forest soils. In: McFee 

WW and Kelly JM (eds.) Carbon forms and functions in forest soils. Madison, Soil Science Society of America, 43-62.   
Francis E (2017) Phytoremediation Potentials of Sunflower (Helianthus annuus L.) Asteraceae on contaminated soils of 

Abandoned Dumpsites. IJSER. 8(1): 1751–1757. 
Gayo L (2021) Socioeconomic facet of fisheries management in Hombolo Dam, Dodoma-Tanzania. TJFNC. 90(1): 67–81.   
Ginocchio R, Baker AJM (2004) Metallophytes in Latin America: A remarkable biological and genetic resource scarcely 

known and studied in the region. Rev Chil Hist Nat. 77: 185–194. 
Groot A, Demissie T, Duku C, Budding-Polo M, Kabuka G, Nkenja E, Ninga K, Lyimo R, Recha J, Osumba J, Schonenberg P 

(2019) Sunflower Tanzania: Climate change risks and opportunities. Wageningen Environmental Research, the 
Netherlands; CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS). 

Gupta DK, Huang HG, Corpas FJ (2013) Lead tolerance in plants: strategies for phytoremediation. 
Environ Sci Pollut Res Int. 20: 2150–2161. 

Hernández AJ, Alexis S, Vizcayno C, Pastor J (2008) Impact of geochemistry on health: An approach based on case studies 
of tropical ecosystems in the Dominican Republic. Geosciences. 5: 8.  

Hu X, Wang J, Lv Y, Liu X, Zhong J, Cui X, Zhang M, Ma D, Yan X, Zhu X (2021) Effects of Heavy metals/metalloids and soil 
properties on microbial communities in farmland in the vicinity of a metals smelter. Front. Microbiol. Aug 19; 
12:707786.  

Islam M, Sandhi A (2022) Heavy Metal and Drought Stress in Plants: The role of microbes—a review. Gesunde Pflanzen. 1–
14. 

Johri N, Jacquillet G, Unwin R (2010) Heavy metal poisoning: the effects of cadmium on the kidney. Biometals. 23: 783–
792. 

Kayombo CJ, Rubanza C, Giliba RA, Kashindye A (2020) The woody plant species diversity, composition and dominance of 
Mahungu Green Belt Forest reserve (MGBFR) in Dodoma City, Central Tanzania. EAJENR. 2(1): 1–13. 

Kumar D, Singh DP, Barman SC, Kumar N (2016) Heavy metal and their regulation in plant system: an overview. In: Plant 
responses to xenobiotics. Springer, Singapore. 19–38. 

https://www.sciencedirect.com/science/article/pii/S0570178318300174#!
https://www.sciencedirect.com/science/article/pii/S0570178318300174#!


1138 
 

Madejón P, Murillo JM, Marañón T, Cabrera F, Soriano MA (2003) Trace element and nutrient accumulation in sunflower 
plants two years after the Aznalcóllar mine spill. Sci Total Environ. 307(1-3): 239–57. 

Manara A (2012) Plant responses to heavy metal toxicity. In:  Furini A (ed.) Plants and Heavy Metals. Springer Briefs in 
Molecular Science, Springer, Dordrecht, Netherlands. 27–53.  

Mbuki R, Mbewe G (2017) Phytoremediation of lead and zinc metals using sunflower: sampled from an abandoned mine 
tailing dump site in Kabwe, Zambia. Paper presented at the Conference ID: CFP/383/2017. Int J Multidiscip Res.  
https://dx.doi.org/10.4314/jasem.v25i6.18. 

Miranda RS, Boechat CL, Bomfim MR, Santos JAG, Coelho D, Assunção SJR, Cardoso KM, Cardoso EB (2022) 3 - 
Phytoremediation: A sustainable green approach for environmental cleanup. In: Phytoremediation technology for the 
removal of heavy metals and other contaminants from soil and water, pp. 49-75 (Kumar V, Shah MP, Shahi SK (Eds.)), 
Elsevier, Amsterdam. 

Mohamed NK, Haule B (2018) Assessment of heavy metals and radioactivity levels in Spinach (Spinacia oleracea) grown at 
Bahi Wetlands in Dodoma Region. Tanz J Sci. 44(1): 169–178.  

Msanya BM, Mwasyika TA, Amuri N, Semu E, Mhoro L (2018) Pedological characterization of typical soils of Dodoma 
Capital City District, Tanzania: Soil morphology, physico-chemical properties, classification and soil fertility trends. Ann 
Adv Agric Sci. 2(4): 59–73. 

Mseli ZH, Mwegoha WJ, Gaduputi S (2021) Identification of potential groundwater recharge zones at Makutupora basin, 
Dodoma Tanzania. Geol Ecol and Landsc.  DOI: 10.1080/24749508.2021.1952763  

Musa A (2021) Effects of heavy metals on soil. Journal of Science and Geosciences. 9(1): 1. 
Nas FS, Ali M (2018) The effect of lead on plants in terms of growing and biochemical parameters: a review. MOJES. 3(4): 

265–268.  
Nascimento V, Nogueira G, Monteiro G, Júnior W, Melissa Nunes de Freitas J, Neto C (2021) Influence of heavy metals on 

the nitrogen metabolism in plants. N-Agro-Phys-Eco (Working title). doi: 10.5772/intechopen.97759 
Niu Z, Sun L, Sun T, Li Y, Wang H (2007) Evaluation of phytoextracting cadmium and lead by sunflower, ricinus, alfalfa and 

mustard in hydroponic culture. J Environ Sci. 19(8): 961–967. 
Parsafar N, Marofi S (2013) Investigation of transfer coefficients of Cd, Zn, Cu and Pb from soil to potato under wastewater 

reuse.  J Soil Water Sci. 17: 199–209.  
Pilon-Smits E (2005) Phytoremediation. Annu Rev Plant Biol. 56: 15–39. 
Rani J, Chaudhary S, Agarwal T (2023) Impact of industrialisation on heavy metals contamination in agricultural soils of 

Sonepat, a satellite township of New Delhi, 
India. Sust Agri Food Env Res. 12(X). 

Rehman K, Fatima F, Waheed I, Akash MSH (2018). Prevalence of exposure of heavy metals and their impact on health 
consequences. J  Cell  Biochem. 119(1):157–184.  

Rotkittikhun P, Kruatrachue M, Chaiyarat R., Ngernsansaruay C., Pokethitiyook P, Paijitprapaporn A, Baker AJM (2006) 
Uptake and accumulation of lead by plants from the Bo Ngam lead mine area in Thailand. Environ Pollut. 144(2): 681–
688. 

Sarwar N, Imran M, Shaheen MR, Ishaque,W, Kamran MA, Matloob A, Rehim A, Hussain S (2017) Phytoremediation 
strategies for soils contaminated with heavy metals: Modifications and future perspectives. Chemosphere. 171: 710–721. 

Schneiter AA, Miller JF (1981). Description of sunflower growth stages. Crop Sci. 21: 901–903. 
Sharma RK, Agrawal M, Marshall F (2007) Heavy metal contamination of soil and vegetables in suburban areas of 

Varanasi, India. Ecotoxicol Environ Saf. 66(2): 258–266. 
Sharma SS, Dietz KJ (2006) The significance of amino acids and amino acid-derived molecules in plant responses and 

adaptation to heavy metal stress. JXB. 57(4): 711–726. 
Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ (2012) Heavy Metal Toxicity and the Environment. MOJ Toxicology. 101: 

133–164. 
Theron AJ, Tintinger GR, Anderson R (2012) Harmful Interactions of non-essential heavy metals with cells of the innate 

immune system. J Clin Toxicol. S3: 005. 
Tomé FV, Rodríguez PB, Lozano JC (2008) Elimination of natural uranium and 226Ra from contaminated waters by 

rhizofiltration using Helianthus annuus. L Sci Total Environ. 393(2-3): 351–357. 
Ugwu EC, Gupta BS, Adebayo A, Martínez-Villegas N (2019) Removal of Cu, Cd, Pb and Zn from contaminated soil by using 

plant-based surfactants, Sapindus mukorossi L. (Soapnut) and Acacia concinna (Shikakai). Int J Environ. 10(6): 183–187. 
United Republic of Tanzania (URT) (2022) 2022 Population and Housing Census. National Bureau of Statistics Ministry of 

Finance, Dodoma and Office of chief Government Statistical president's Office finance, Economy and Development 
planning Zanzibar. 

Wang FY, Shi ZY, Xu XF, Wang XG, Li YJ (2013) Contribution of Arbuscular mycorrhizal (AM) inoculation and cattle manure 
to lead and cadmium phytoremediation by tobacco plants.  Environ Sci Process Impacts. 15: 794–801. 

Willscher S, Jablonski L, Fona Z, Rahmi R, Wittig J (2017) Phytoremediation experiments with Helianthus tuberosus under 
different pH and heavy metal soil concentrations. Hydrometallurgy. 168: 153–158. 

World Health Organisation (WHO) (1996) Permissible limits of heavy metals in soil and plants. World Health 
Organisation. Geneva, Switzerland. 

Wright C (2022) Economic analysis of sunflower (Helianthus annuus) spacing in East Texas. MSc Dissertation, Stephen F. 
Austin State University, United States of America.  

https://dx.doi.org/10.4314/jasem.v25i6.18
https://doi.org/10.1080/24749508.2021.1952763


1139 
 

Yan A, Wang Y, Tan SN, Mohd Yusof ML, Ghosh S, Chen Z (2020) Phytoremediation: A Promising approach for revegetation 
of heavy metal-polluted land. Front Plant Sci. 11: 359.  

Yang XE, Jin XF, Feng Y, Islam E (2005) Molecular mechanisms and genetic basis of heavy metal 
tolerance/hyperaccumulation in plants. J Integr Plant Biol. 47(9): 1025–1035. 

Zeng Z, Douglas ZZ (2017) The sunflower sector in Tanzania: A great potential for industrial competitiveness (English). 
Washington, D.C. World Bank Group. 

Zhao L, Zhu Y, Wang M, Han Y, Xu J, Feng W, Zheng X (2023) Enolase, a cadmium resistance related protein from 
hyperaccumulator plant Phytolacca americana, increase the tolerance of Escherichia coli to cadmium stress. Int J 
Phytoremediat. 25(5): 562–571.  

Zhou J, Chen LH, Peng L, Luo S, Zeng QR (2020) Phytoremediation of heavy metals under an oil crop rotation and 
treatment of biochar from contaminated biomass for safe use. Chemosphere. 247: 125856. 


