
 

 
 

HEAVY METALS AND CADMIUM TOXICITY IN SOIL AND PLANTS 1 
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Abstract: 4 

Primarily in areas with high levels of human activity, heavy metals like cadmium, copper, 5 

lead, chromium, and mercury are significant environmental hazards.Deposition of heavy 6 

metals in soils is a problem in agricultural outputbecause it has a negative impact on food 7 

safety and consumer appeal, growth of crops due to phytotoxicity, and soil organisms' 8 

environmental health. Through soil, water, and air pollution, plants and their metabolic 9 

processes affect the geological and ecological redistribution of heavy metals. This review 10 

article addresses the toxicity of heavy metals, particularly Cd, on plants. Plants are greatly 11 

impacted by toxicity, which consequently affects the environment in which plants are crucial. 12 

Plants cultivated in metal-polluted environments exhibit metal accumulation, reduced growth, 13 

altered metabolism, and lower biomass output. Many plant physiological and biochemical 14 

functions are impacted by metals. 15 
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Introduction: Extensive development and rapid economic growth have mostly contributed to 20 

environmental contamination. Environmental contamination has been caused by a variety of 21 

sources, including radioactive isotopes, organic and organometallic compounds, gaseous 22 

pollutants, inorganic pollutants (including heavy metals), and the toxicity of certain 23 

nanoparticles. Because of its catastrophic long-term effects, pollution has become a major 24 

issue to solve despite global efforts to reduce it.One of the main causes of pain and death in 25 

the world today is environmental degradation.Inorganic heavy metal pollution has received 26 

significant attention due to their widespread presence and hazardous effects(Al-Khayri et al., 27 

2023). 28 

Heavy metals are a diverse set of elements that primarily belong to the transition element in 29 

the periodic table and vary in their chemical characteristics and functions. The elements 30 

classified as heavy metals have a specific weight greater than 5 g cm². Heavy metals are 31 

described as those that are at least five times denser than water. These metals can be either 32 



 

 
 

essential (such as Mo, Mn, Cu, Ni, Fe, and Zn) or non-essential (such as Cd, Ni, As, Hg, and 33 

Pb)(Kiran et al., 2022). 34 

Cadmium (Cd) had the highest ecological risk index of all the heavy metals. The current 35 

investigation shows that the soil in the metropolitan region of Rohtak has greater levels of 36 

cadmium. Plants, animals, and humans are at risk from cadmium (Cd), a heavy metal that 37 

occurs naturally in soil. Soil and groundwater contamination by cadmium is a worldwide 38 

issue(Soni et al., 2024).Manure, sewage sludge, excessive use of phosphatic fertilizers, and 39 

airborne deposition are the primary causes of Cd pollution in soil. Long-term application of 40 

sewage sludge, industrial effluents, sewage, contaminated river water, and municipal solid 41 

waste results in a high concentrations of metal contamination in soil (Golui et al., 2021). 42 

Cadmium toxicity in soil:A worldwide issue is the contamination of soils and groundwater 43 

with cadmium (Soni et al., 2024). In plants, the heavy metal cadmium (Cd) serves no 44 

biological use(Riaz et al., 2021). Among the top 20, it is the eighth most hazardous metal and 45 

is classified as a group 1 carcinogen (Lu et al., 2019). According to Singh et al. (2020), it is 46 

one of the most hazardous metals because of its high level of toxicity and widespread 47 

bioaccumulation. It is therefore readily absorbed by plants. After being absorbed, Cd is 48 

moved and accumulates in different edible plant parts (Adil et al., 2020). Both natural 49 

resources like mines and volcanoes, as well as human activities like fertilization, waste 50 

discharges, and industrial effluents, cause cadmium to build up in soil (Bouida et al., 2022). 51 

Because of its lengthy half-life (10–33 years), cadmium persists in soil for a long 52 

time.According to Soni et al. (2024), the levels of Cd in vegetables and cereal grains 53 

cultivated in soil contaminated with the metal range from 0.008 mg kg−1 to 0.062 mg kg−1. 54 

Phosphate fertilizers, sewage sludge, industrial effluents, municipal garbage, and airborne 55 

deposition are among the anthropogenic activities that cause cadmium to infiltrate the soil 56 

(Golui et al., 2021). Cd is a persistent hazard to the environment, particularly soil and 57 

groundwater, because of its lengthy half-life and persistence. This contamination comes from 58 

both natural (such as mineral weathering and volcanic activity) and man-made (such as 59 

fertilizer use and industrial discharge) sources (Bouidaet al., 2022).Cadmium interferes with 60 

microbial diversity, enzymatic activity, and nutrient cycling in soil. It leads to reduced 61 

decomposition rates, impaired nitrogen fixation, and changes in the soil microbial 62 

biomass.Plants absorb Cd mainly through their roots via cation transporters that are also 63 

responsible for uptake of essential metals like Zn and Fe. Following absorption, Cd is moved 64 

to the plant's aerial sections, especially the leaves and fruits, where it builds up.This uptake is 65 



 

 
 

non-selective and varies depending on plant species, genotype, and environmental 66 

conditions.Some plants develop tolerance to Cd through binding Cd with phytochelatins and 67 

metallothioneins, sequestering Cd in vacuoles, root exudation to limit Cd availability and 68 

activation of antioxidant systems.Plants such as Amaranthus and Vetiver grass are used to 69 

remediate Cd-contaminated soil. Techniques include phytoextraction, phytostabilization, and 70 

rhizofiltration.Cd enters the food chain through plant consumption and bioaccumulates in 71 

human tissues, especially the kidneys and liver. Chronic exposure causes renal dysfunction, 72 

skeletal damage, and cancer. Cd bioaccumulates in the kidney cortex and liver, causing renal 73 

tubular dysfunction, osteoporosis, and cancers. Long-term exposure leads to itai-itai disease, 74 

hypertension, and reproductive toxicity. A reasonable monthly dose of 25 µg/kg body weight 75 

is advised by WHO (WHO, 2023). Soni et al. (2024) reported Cd levels exceeding WHO 76 

limits in Rohtak’s peri-urban agricultural soils. Sources included wastewater irrigation, 77 

industrial discharges, and phosphate fertilizer overuse. Vegetable crops grown in this area 78 

showed elevated Cd content, raising food safety concern.  79 
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Fig.1:Overview of Cadmium toxicity (Kumar et al.,2020). 82 

Major impact on plants:Certain plant species exhibit toxin resistance by containing 83 

accumulated metals in their roots or by tolerating elevated amounts of heavy metals in their 84 

tissue (Davis and Beckett, 1978). According to Boggess et al. (1978), plants' propensity to 85 

accumulate metal in their shoots can be linked to their sensitivity to metal toxicity. Hewitt 86 



 

 
 

(1966) postulated that elements with comparable physical and chemical characteristics would 87 

behave antagonistically in biological interactions. Reactive enzymatic and receptor proteins 88 

are displaced by elements of similar types, which also compete for the same transport and 89 

storage places in the cell.Copper toxicity may be inhibited by Cd, whereas selenium may 90 

work in concert with it. It can impact morphological, physicochemical, and structural 91 

alterations in plants, such as stomatal density, chlorosis, and suppression of lateral roots 92 

(Huybrechts et al., 2020). For instance, whereas Cd may inhibit the absorption of copper, 93 

selenium may work in concert with it.Cd toxicity often results in altered ion homeostasis, 94 

enhanced reactive oxygen species (ROS) generation, disruption of enzymatic activity, 95 

structural damage to mitochondria and chloroplasts and reduced crop yield and biomass. 96 

 97 

 98 

Fig. 1: Heavy metals and their effects in plants (Alengebawy et al.,2021). 99 



 

 
 

Table 1: Effects observed in plants due to heavy metals. 100 

S.No. 

Metal 

studied Plant studied Effects Observed References 

1 Cd 

Spinach, 

soybeans, lettuce, 

and curlycress 

Leafy vegetables accumulated toxic 

levels of cadmium at low soil 

concentrations, while grains and fruit 

crops showed greater tolerance and 

lower Cd uptake. Bingham et al.,1975 

2 Cd 

Maize, sorghum, 

pearlimillet, 

clusterbean, 

green gram and 

cowpea Reduction in rice yield 
Sarkunan et 

al.,1998 

3 

Cd, Pb, 

Zn, Cu, 

Cr and 

Ni Wheat Protein content decreased 
Athar and Ahmad 

2000 

4 

Cd (II), 

Cr (VI) 

and Cu 

(II) 

Convolvulus 

arvensis 

Reduction in root elongation but 

shoot is suitable for 

phytoremediation 
Torresdey et 

al.,2004 

5 

Cd, Zn, 

Cu, Cr 

and Pb Chickpea 

Depletion of plant growth, 

chlorophyll, nodulation and nitrogen 

concentration in roots and shoots 

 Wani et al.,2007 

6 Cd 

Rice (Oryza 

sativa L.) 

 

Predominance of photosynthetic 

rates, chlorophyll content, 

fluorescence efficiency and reduced 

nitrate reductase activity Hussain et al.,2008 

7 

Cd and 

Pb Mango 

Predominance of photosynthetic 

rates, chlorophyll content, 

fluorescence efficiency and reduced 

nitrate reductase activity Yang et al.,2010 

8 

Cd and 

Pb Corn (Zea mays) Phytoremediation Mojiri,2011 

9 Cd 

Amaranthus, 

fenugreek and 

buckwheat Reduction in dry matter yield Joshi et al.,2011 

10 Cd Spinach Decrease in dry matter Dalir et al.,2013 

11 

Cd, Pb, 

Cr, Zn Maize - Nacke et al.,2013 

12 Cd 

Bana grass, 

vetiver grass 

No significant effect on chlorophyll 

content and photosynthetic rates but 

water content and leaf transpiration 

rate increased Zhang et al.,2014 

13 Cd - 

Altered mitochondrial function as a 

result of redox regulation being upset 

and more ROS being produced, 

Gallego et al., 2012; 

Chen et al., 2018a, 

2018b, 2018c; 



 

 
 

whichinterferes with plant 

metabolism and damages membrane 

lipid  

 

Huybrechts et al., 

2020 

14 Cd Rice  

Delays in plant growth and 

decreased yield 

 Mitra et al., 2018b 

15 Cd - 

Plant physicochemical, 

morphological, and structural 

alterations, such as stomatal density, 

chlorosis, and lateral root inhibition 

 

Bari et al., 2019; 

Huybrechts et al., 

2020 

16 Cd Rice  

variation in ion homeostasis through 

reduced water and mineral uptake, 

changed nitrogen metabolism, and 

restricted absorption of basic ions 

such as iron and magnesium 

 

Afzal et al., 2019; 

Huybrechts et al., 

2020 

17 Cd 

Phaseolus 

lunatus, Castor 

(Ricinus 

communis) 

 

Effects on water transport, nutrition 

intake, enzyme activity, and 

photosynthesis 

Ahmad et al., 

2021a, Ahmad et 

al., 2021b; Rahul 

and Sharma, 2022 

18 Cd - 

Effects on growth inhibition, wilting, 

chlorosis, leaf necrosis, decreased 

biomass, and yield Shaari et al., 2022 

19 Cd Brassica  
Plant death, reduced biomass 

output, and decreased plant growth  Li et al., 2023 

20 Cd Wheat 

Compared to water control, enzyme 

activity were lower at low 

concentrations (100 µM) of cadmium 

but increased in roots treated with 

high doses (500 µM). Ghosh et al.,2023 

 101 

This table elaborated experimental design, metal concentration used, and specific plant 102 

responses, including physiological, morphological, and yield data.Cd – Spinach, soybeans, 103 

lettuce, and curlycress: Bingham et al. (1975) found general toxicity but didn’t elaborate on 104 

mechanisms. Symptoms included reduced biomass and chlorosis.Cd – Maize, sorghum, 105 

pearl millet, clusterbean, green gram, cowpea: Sarkunan et al. (1998) observed significant 106 

yield reduction. This correlates with photosynthetic inhibition and impaired nutrient 107 

transport.Cd, Pb, Zn, Cu, Cr, Ni – Wheat: Athar and Ahmad (2000) reported decreased 108 

protein content. This is linked to disrupted nitrogen metabolism and enzyme 109 

inhibition.Cd(II), Cr(VI), Cu(II) – Convolvulus arvensis: Torresdey et al. (2004) found 110 

reduced root growth, but the species showed good phytoremediation potential, indicating 111 



 

 
 

adaptive mechanisms.Cd, Zn, Cu, Cr, Pb – Chickpea: Wani et al. (2007) noted reduced 112 

growth and chlorophyll. Heavy metals interfere with nodulation, affecting nitrogen 113 

fixation.Cd – General: Hussain et al. (2008) described reduced photosynthetic rate and 114 

enzyme activity.Cd and Pb – Mango: Yang et al. (2010) didn’t specify exact symptoms but 115 

highlighted fruit contamination risk.Cd and Pb – Corn (Zea mays): Mojiri (2011) focused 116 

on its suitability for phytoremediation.Cd – Amaranthus, fenugreek, buckwheat: Joshi et 117 

al. (2011) observed reduced dry matter, indicating overall metabolic stress.Cd – Spinach: 118 

Dalir et al. (2013) also confirmed dry weight decline, echoing broader observations.Cd, Pb, 119 

Cr, Zn – Maize: Nacke et al. (2013) noted unspecified symptoms, implying general stress.Cd 120 

– Bana grass, vetiver grass: Zhang et al. (2014) found high tolerance; good for 121 

remediation.Cd – General: Gallego et al. (2012), Chen et al. (2018) showed mitochondrial 122 

damage and ROS production.Cd – General: Mitra et al. (2018b) described delayed growth 123 

and yield decline.Cd – General: Bari et al. (2019) observed structural changes like chlorosis 124 

and stomatal shifts.Cd – General: Afzal et al. (2019) noted disrupted ion homeostasis.Cd – 125 

General: Ahmad et al. (2021) found disrupted photosynthesis and water/nutrient transport.Cd 126 

– General: Shaari et al. (2022) reported growth inhibition, necrosis, and yield loss.Cd – 127 

General: Li et al. (2023) observed biomass decline and death at high concentrations.Cd – 128 

Wheat: Ghosh et al. (2023) found enzymatic changes: stimulated at high Cd, suppressed at 129 

low. 130 

Conclusion: This review focused on the hazardous effects of heavy metals three key 131 

ecosystem components: soil, plants, and humans. The dangers of heavy metals especially 132 

Cadmium were thoroughly highlighted. In addition, their effects on human health were 133 

observed and several research studied related to restrict nitrogen metabolism, increasing and 134 

lowering the activity of particular enzymes due to toxicity.The presence of Cd in agricultural 135 

soil not only impacts plant physiology and crop productivity but also poses significant risks to 136 

human health through bioaccumulation in edible plants. Understanding the mechanisms of Cd 137 

uptake, accumulation, and phytotoxicity is essential for developing effective strategies for 138 

phytoremediation, soil management, and pollution control. Further interdisciplinary research 139 

is vital for mitigating heavy metal pollution and ensuring ecological and agricultural 140 

sustainability.There is an urgent need for long-term monitoring of soil and food 141 

crops,development of Cd-resistant crop varieties,use of biofertilizers,development of low-Cd-142 

accumulating crop genotypes, application of biochar and organic amendments to immobilize 143 

Cd.Integrated monitoring systems for agroecosystems and Policies limiting Cd emissions and 144 



 

 
 

promoting sustainable agriculture and mycorrhizal inoculants and strict enforcement of 145 

effluent discharge standards. 146 

 147 

 148 

 149 

 150 

 151 

 152 

References: 153 

1. Adil, M. F., Sehar, S., Han, Z., Lwalaba, J. L. W., Jilani, G., Zeng, F., Chen, Z. H., & 154 

Shamsi, I. H. (2020). Zinc alleviates cadmium toxicity by modulating photosynthesis, ROS 155 

homeostasis, and cation flux kinetics in rice. Environmental Pollution, 265, 114979.  156 

2. Afzal,J.,Hu,C.,Imtiaz,M.,Elyamine,A.M.,Rana,M.S.,Imran,M.,&Farag,M. A.(2019). 157 

Cadmiumtolerance inricecultivarsassociatedwithantioxidant enzymes  activities  and  Fe/Zn  158 

concentrations. International  Journal  of Environmental Scienceand Technology, 16(8), 4241-159 

4252. 160 

3. Ahmad, A., Yasin, N. A., Khan, W. U., Akram, W., Wang, R., Shah, A. A., Akbar, M., 161 

Ali, A., & Wu, T. (2021a). Silicon assisted ameliorative effects of iron nanoparticles against 162 

cadmium stress: Attaining new equilibrium among physiochemical parameters, antioxidative 163 

machinery, and osmoregulators of Phaseolus lunatus. Plant Physiology and Biochemistry, 164 

166, 874–886.  165 

4. Ahmed, T., Noman, M., Ijaz, M., Ali, S., Rizwan, M., Ijaz, U., Hameed, A., Ahmad, U., 166 

Wang, Y., Sun, G., & Li, B. (2021b). Current trends and future prospective in 167 

nanoremediation of heavy metals contaminated soils: A way forward towards sustainable 168 

agriculture. Ecotoxicology and Environmental Safety, 227, 112888.  169 

5. Alengebawy, A., Abdelkhalek, S. T., Qureshi, S. R., & Wang, M. Q. (2021). Heavy 170 

Metals and Pesticides Toxicity in Agricultural Soil and Plants: Ecological Risks and Human 171 

Health Implications. Toxics, 9(3), 42.  172 

6. Al-Khayri, J. M., Banadka, A., Rashmi, R., Nagella, P., Alessa, F. M., &Almaghasla, M. 173 

I. (2023). Cadmium toxicity in medicinal plants: An overview of the tolerance strategies, 174 

biotechnological and omics approaches to alleviate metal stress. Frontiers in Plant Science, 175 

13.  176 



 

 
 

7. Athar, R.andAhmad,T. (2000)Heavymetaltoxicity:Effectonplantgrowthandmetal 177 

uptakebyWheat,andonfreelivingAzotobacter,JournalofBiology and EnvironmentalScience,5 178 

(13), 17-22. 179 

8. Begg, S. L., Eijkelkamp, B. A., Luo, Z., Couñago, R. M., Morey, J. R., Maher, M. J., 180 

Ong, C. L. Y., McEwan, A. G., Kobe, B., O’Mara, M. L., Paton, J. C., & McDevitt, C. A. 181 

(2015). Dysregulation of transition metal ion homeostasis is the molecular basis for cadmium 182 

toxicity in Streptococcus pneumoniae. Nature Communications, 6(1).  183 

9. Bingham,F.T., Page,A.L.,Mahler,R.J.andGanje, T.J. (1975)Growthandcadmium 184 

accumulationofplantsgrownona soiltreatedwitha cadmium-enriched sewagesludge,Journal of 185 

EnvironmentalQuality, 4, 207-211. 186 

10. Boggess,S.F.,Willavize, S.andD.E.Kooppe,D.E.Differentialresponseof soybean varieties 187 

to soilcadmium, Agronomy Journal,70,756-60, 1978. 188 

11. Bouida,L.,Rafatullah,M.,Kerrouche,A.,Qutob,M.,Alosaimi,A.M.,Alorfi,H. S., 189 

&Hussein, M.A. (2022). Areview oncadmiumand leadcontamination: 190 

Sources,fate,mechanism,healtheffectsandremediationmethods.Water,14(21), 3432. 191 

12. Chen,H.,Yang,X.,Wang,P.,Wang,Z.,Li,M.,&Zhao,F.J.(2018).Dietary cadmiumintake 192 

fromrice andvegetablesandpotentialhealthrisk:acase 193 

studyinXiangtan,southernChina.ScienceoftheTotalEnvironment,639,271-277. 194 

13. Chen,L.,Zhou,S.,Shi,Y.,Wang,C.,Li,B.,Li,Y.,&Wu,S.(2018). Heavymetals 195 

infoodcrops,soil,andwaterintheLiheRiverWatershedoftheTaihuRegionandtheirpotentialhealthri196 

skswheningested. ScienceoftheTotal Environment, 615, 141-149. 197 

14. Chen,P., Bornhorst, J., and Aschner, M. A. (2018). Manganese Metabolism in Humans. 198 

Frontiers In Bioscience, Landmark, 23,1655-1679. 199 

15. Dalir,N.,Karimian,N.,Yasrebi,J.andRonaghi, A.(2013) Chemicalformsofcadmiumin a 200 

calcareoussoiltreatedwithdifferentlevelsofphosphorusandcadmiumand 201 

plantedtospinach,ArchivesofAgronomyandSoilScience,59(4),559–571. 202 

16. Davis,R.D. andBeckett, P.H.T. (1978) Upper criticallevelsof toxic elementsinplants, 203 

Criticallevelsofcopperinyoungbarley,wheat,rape,lettuce andryegrassand 204 

ofnickelandzincinyoungbarleyandryegrass,NewPhytologist,80,23-32. 205 

17. Gallego,S.M.,Pena,L.B.,Barcia,R.A.,Azpilicueta,C.E.,Iannone,M.F., 206 

Rosales,E.P.,&Benavides,M.P.(2012).Unravellingcadmiumtoxicity 207 

andtoleranceinplants:insightintoregulatorymechanisms. Environmental and Experimental 208 

Botany, 83, 33-46. 209 



 

 
 

18. Ghosh, R., Basak, P., Ghosh, A., & Choudhury, B. (2023). Effect of Cadmium Toxicity 210 

on Different Antioxidant Enzymes in Growing Wheat (Triticum aestivum L.) 211 

Seedlings. International Journal of Experimental Research and Review, 36, 198-208.  212 

19. Golui,D.,Mazumder,D.G.,Sanyal,S.K.,Datta,S.P., 213 

Ray,P.,Patra,P.K.,&Bhattacharya,K.(2017).Safe limitof arsenic insoilinrelationtodietary 214 

exposure of arsenicosispatientsfromMalda district, West Bengal-Acase study. 215 

EcotoxicologyandEnvironmental Safety, 144, 227-235. 216 

20. Hewitt,E.J.(1966)Sandandwater culture methodsusedinthe studyof 217 

plantnutrition,2ndedn. Technicalcommunication No.22 Common wealth AgriculturalBureaux, 218 

Farnham Royal, U.K. 219 

21. Hussain,M.J.,ZhangG.andZhu Z. (2008).Influence of Cadmiumtoxicityonplant 220 

growthandnitrogenuptake inriceasaffected bynitrogenform,Journalof Plant Nutrition, 31(2), 221 

251-262. 222 

22. Huybrechts, M., Hendrix, S., Bertels, J., Beemster, G. T. S., Vandamme, D., and 223 

Cuypers, A. (2020). Spatial analysis of the rice leaf growth zone under controlled and 224 

cadmium-exposed conditions. Environ. Exp. Bot. 177:104120.  225 

23. Joshi, D., Srivastava,P.C. and Srivastava, P.(2011)Toxicity threshold 226 

limitsofcadmiumfor leafyvegetablesraised onmollisolamendedwithvaryinglevelsoffarmyard 227 

manure,Pedologist ,249-256. 228 

24. Kiran, N., Bharti, R., & Sharma, R. (2022). Effect of heavy metals: An overview. 229 

Materials Today Proceedings, 51, 880–885.  230 

25. Kumar, A., Kumar, A., Cabral-Pinto, M. M. S., Chaturvedi, A. K., Shabnam, A. A., 231 

Subrahmanyam, G., et al., (2020). Lead toxicity: Health hazards, influence on food chain, and 232 

sustainable remediation approaches. Int. J. Environ. Res. Public Health 17 (7), 2179. 233 

26. Kumar, Dr & Subrahmanyam, Gangavarapu& Mondal, Raju & Cabral Pinto, Marina & 234 

Shabnam, Aftab &Jigyasu, Dharmendra &Malyan, Sandeep &Fagodiya, Ram & Khan, 235 

Shakeel & Kumar, Amit & Yu, Zhi-Guo. (2020). Bio-remediation approaches for alleviation 236 

of cadmium contamination in natural resources. Chemosphere. 237 

10.1016/j.chemosphere.2020.128855. 238 

27. Li, S., Wang, H. Y., Zhang, Y., Huang, J., Chen, Z., Shen, R. F., & Zhu, X. F. (2023). 239 

Auxin is involved in cadmium accumulation in rice through controlling nitric oxide 240 

production and the ability of cell walls to bind cadmium. The Science of the Total 241 

Environment, 904, 166644.  242 



 

 
 

28. Li,X.,Zhang, J.,Gong,Y.,Liu,Q.,Yang,S.,Ma, J., ...&Hou,H.(2020).Statusof copper 243 

accumulationinagriculturalsoilsacross China (1985–2016). Chemosphere, 244, 125516. 244 

29. Liu,X.S.,Feng,S.J.,Zhang,B.Q.,Wang,M.Q.,Cao,H.W.,Rono, J.K.,...& 245 

Yang,Z.M.(2019a).OsZIP1functionsasa metaleffluxtransporter limiting 246 

excesszinc,copperandcadmiumaccumulationinrice.BMCPlantBiology, 19(1), 1-16. 247 

30. Lü, Q.,Xiao, Q., Wang,Y., Wen, H., Han,B.,Zheng,X.,&Lin, R. (2021). Risk 248 

assessmentandhotspotsidentificationofheavymetalsinrice:Acasestudy inLongyan of Fujian 249 

province, China. Chemosphere, 270, 128626. 250 

31. Luo,J.S.,Huang,J.,Zeng,D.L.,Peng,J.S.,Zhang,G.B.,Ma,H.L.,&Gong,J. 251 

M.(2018).Adefensin-likeproteindrivescadmiumeffluxandallocationin rice. 252 

NatureCommunications, 9, 645. 253 

32. Mitra, S., Pramanik, K., Sarkar, A., Ghosh, P. K., Soren, T., & Maiti, T. K. (2018). 254 

Bioaccumulation of cadmium by Enterobacter sp. and enhancement of rice seedling growth 255 

under cadmium stress. Ecotoxicology and Environmental Safety, 156, 183–196.  256 

33. Mojiri,A.(2011) Thepotential ofcorn (Zeamays)forphytoremediationofsoilcontaminated 257 

withcadmiumandlead,JournalofBiodiversity andEnvironmentalScience,5 (13), 17-22. 258 

34. Nacke,H.  Gonc,A.C.,¸Schwantes,D.,Nava,I.A.,Strey,L.andCoelho,G.F. 259 

(2013)Availabilityofheavymetals(Cd,Pb,andCr)inagriculturefromcommercial fertilizers, 260 

Archivesof EnvironmentalContamination andToxicology, 64, 537–544. 261 

35. Rahul, Rini & Sharma, Pallavi. (2022). Identification of cadmium tolerant and sensitive 262 

genotypes of castor and their contrasting responses to cadmium treatment. Environmental 263 

Science and Pollution Research. 29. 1-14. 10.1007/s11356-021-16596-2. 264 

36. Riaz,M.,Kamran,M.,Rizwan,M.,Ali,S.,Parveen,A.,Malik,  Z.,  Wang,X. (2021). 265 

Cadmiumuptake andtranslocation:synergetic rolesof selenium and siliconin 266 

Cddetoxificationfortheproductionoflow Cdcrops:a critical review. Chemosphere273, 129690. 267 

37. Sarkunan,V.,Misra,A.K.andMohapatra,A.R.( 1998) Effectofcadmiumonyieldand uptake 268 

of cadmiumbydifferentvarities,JournalofIndianSociety ofSoil Science, 41, 594-595. 269 

38. Sebastian, A., & Prasad, M. (2013). Vertisol prevent cadmium accumulation in rice: 270 

Analysis by ecophysiological toxicity markers. Chemosphere, 108, 85–92.  271 

39. Shaari, N. E. M., Tajudin, M. T. F. M., Khandaker, M. M., Majrashi, A., Alenazi, M. M., 272 

Abdullahi, U. A., & Mohd, K. S. (2024). Cadmium toxicity symptoms and uptake mechanism 273 

in plants: a review. Brazilian Journal of Biology, 84.  274 



 

 
 

40. Singh, S., Prasad, S. M., Sharma, S., Dubey, N. K., Ramawat, N., Prasad, R., Singh, V. 275 

P., Tripathi, D. K., & Chauhan, D. K. (2022). Silicon and nitric oxide‐mediated mechanisms 276 

of cadmium toxicity alleviation in wheat seedlings. Physiologia Plantarum, 174(5).  277 

41. Soni, S., Jha, A. B., Dubey, R. S., & Sharma, P. (2024). Mitigating cadmium 278 

accumulation and toxicity in plants: The promising role of nanoparticles. The Science of the 279 

Total Environment, 912, 168826.  280 

42. Torresdey,  G.J.L.,  Peralta,  V.J.R.,  Montes,  M.,  De,  R.G.  and  Diaz,  C.B.(2004) 281 

Bioaccumulationof cadmium,chromiumandcopper byConvolvulusarvensis 282 

L.:impactonplantgrowthanduptake ofnutritionalelements,Bioresource Technology, 92, 229–283 

235. 284 

43. Wani, P.A., Khan, P.S. and Zaidi, A. (2007)Impactof heavy metaltoxicity on 285 

plantgrowth, symbiosis,seedyieldandnitrogenandmetaluptake inchickpea,Australian Journal 286 

of ExperimentalAgriculture, 47(6), 712-720. 287 

44. Yang,B.X.,Limin,R., Min,G,YuSheng,H.,Lei,W.andZhenDong,M.(2010)Transferof 288 

cadmiumandleadfromsoilto mangoesinanuncontaminatedarea,Hainan Island, 289 

China,Geoderma, 155, 115-120. 290 

45. Zhang,X.,Gao,B.and Xia,H.(2014)Effectofcadmiumongrowth,photosynthesis,mineral 291 

nutrition  and  metal   accumulation  of  banagrassand  vetiver  grass, Ecotoxicology and 292 

EnvironmentalSafety, 106, 102-108. 293 

46. Zhao,M.,Lin,Y.,&Chen,H.(2020).Improvingnutritionalqualityofricefor human health. 294 

Theoretical and Applied Genetics,133(5), 1397-1413. 295 

47. Zhao,Z.Q.,Zhu,Y.G.,LiH.Y.,Smith, S.E.andSmith,F.A.(2004)Effectsofformsand 296 

ratesofpotassiumfertilizersoncadmiumuptake bytwocultivarsofspring 297 

Wheat(TriticumaestivumL.),EnvironmentalInternational,29(7),973-978. 298 

 299 

 300 


