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Introduction
The unrestricted developmental activities such as industrialization 

and urbanization carried out during the past few years have given 
rise to serious problems of environmental contamination. A general 
increase in the level of heavy metals poses a pervasive threat to the 
natural ecosystem. Heavy metals are defined as metals having a density 
higher than 5 g/cm3. Of the total 90 naturally occurring elements, 53 
are considered heavy metals and few are of biological importance .1 
Based on their solubility under physiological conditions, 17 heavy 
metals may be available to living cells and have significance for the 
plant and animal communities within various ecosystems.2 Increase in 
levels of heavy metals in soils could also be attributed to factors such 
as soil properties or different agricultural practices such as application 
of sludge to agricultural land.3 Among the heavy metals Zinc (Zn), 
Nickel (Ni), Copper (Cu), Vanadium (V), Cobalt (Co) and Chromium 
(Cr) are non-toxic heavy elements at low concentration. Arsenic (As), 
Mercury (Hg), Silver (Ag), Cadmium (Cd), Lead (Pb) and Aluminium 
(Al) have no known function as nutrients and seems to be more or less 
toxic to plants and microorganisms.4 Accumulation of heavy metals 
such as cadmium in the environment is now becoming a major cause 
of environmental pollution. 

The toxicity produced by transition metals generally involves 
Neurotoxicity, Hepatotoxicity and Nephrotoxicity.5 Differences in 
solubility, absorbability, transport and chemical reactivity in these 
metals will lead to specific differences in toxicity within the body. 
The chemical form of heavy metals in soil solution is dependant of 
the metal concerned, pH and the presence of other ions.6 The toxicity 
symptoms observed in plants in the presence of excessive amounts 
of heavy metals may be due to a range of interactions at the cellular 
level.7 Toxicity may result from the binding of metals to sulphydryl 
groups in proteins, leading to an inhibition of activity or disruption 
of structure.8 Enzymes are one of the main targets of heavy metal 
ions and prolonged exposure of soils to heavy metal results in marked 

decreases in soil enzymes activities. In addition, heavy metals 
excesses may stimulate the formation of free radicals and Reactive 
Oxygen Species.9

Lead

Lead is the most important toxic heavy element in the 
environment. Due to its important physico-chemical properties, its 
use can be retraced to historical times. Globally, it is an abundantly 
distributed, important yet dangerous environmental chemical.10 Its 
important properties such as softness, malleability, ductility, poor 
conductibility and resistance to corrosion seem to make difficult to 
give up its use. Due to its non-biodegradable nature and continuous 
use, its concentration accumulates in the environment with increasing 
hazards.

Sources of lead 

Human exposure to lead and its compounds occurs mostly in 
lead related occupations with various sources like leaded gasoline, 
industrial processes such as smelting of lead and its combustion, 
pottery, boat building, lead based painting, lead containing pipes, 
battery recycling, grids, arm industry, pigments, printing of books, 
etc. Though its widespread use has discontinued in many countries 
of the world, it is still used in many industries like car repair, battery 
manufacturing and recycling, refining, smelting, etc. Traditional 
medicines were also found to contain heavy metals including lead. 
A number of diseases have been reported due to consumption of 
traditional medicine.11 Ayurvedic medicines are considered to be 
heavily contaminated with heavy metals. In one recent study, the blood 
lead levels were evaluated in consumers of ayurvedic medicines. Of 
the 115 participants 40% were found to have an elevated blood lead 
levels of 10μg/dL. Lead toxicity may be caused through fruits and 
vegetables contaminated with high lead levels from the soils where 
they were grown.
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Abstract

Contamination of soil and water by various heavy metals such as lead, silver 
and cadmium is increasing day by day as result of different activities, such as 
industrialization and urbanization. Lead (Pb) is an example of potential heavy metal 
that is neither essential element nor have any role in the process of cell metabolism 
but is easily absorbed and accumulated in different parts of a plant. The lead uptake 
is mainly regulated by PH, particle size, and cation exchange capacity of the soil, 
root exudation and by different other physical and chemical parameters. The high 
concentration of the heavy metals such as lead can cause a number of toxic symptoms 
in plants that may be retardation in growth (Stunted growth), negative effects on 
photosynthesis (chlorosis), blackening of roots and different other symptoms. Lead 
has the ability to inhibit photosynthesis, disturb mineral nutrition and water balance, 
changes hormonal status and affects membrane structure and permeability. The paper 
reviewed the effects of lead ion on the growth and some biochemical parameters in 
plants. 
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Results and discussion
Adverse effects of lead

The visual general symptoms of lead toxicity are fast inhibition of 
root growth, underdeveloped growth of the plant, blackening of root 
system and chlorosis. Lead inhibits photosynthesis, let downs mineral 
nutrition, water balance and enzyme activities.12 These disorders upset 
normal physiological activities of the plant. At high concentrations 
lead may finally result to cell death.13 Similarly, lead inhibits 
germination of seeds and retards growth of seedlings, decreases 
germination percent, germination index, root/shoot length, tolerance 
index and dry mass of roots and shoots.14 The growth development, 
fresh biomass and growth tolerance index of root, shoot and leaves 
were negatively affected by increasing levels of lead concentrations in 
tomato seedlings. Similar results were obtained by some other studies 
at the calculated lead concentrations: root, shoot and leaf growth; fresh 
and dry biomass is greatly reduced in Pisum Sativum, in Zea mays.15 
Extreme concentration of lead causes dangerous effects to plants; it 
also results in phytotoxicity of cell membrane. Possible unexpected 
mechanisms include changes in permeability of cell membrane, 
reaction of sulphydryl (-SH) groups with cations, possible attraction 
for reacting with phosphate groups and active groups of ADP and 
ATP.16 Effects of lead have been reported on flower production, plants 
produce less number of flowers in high concentration of lead.17 Study 
on soybean have indicated that the lead toxicity induced a histological 
change in leaves, and made a thin leaf blade, minified the xylem and 
phloem in the vascular bundles, and also reduced the diameter of the 
xylem vessels.18 Same pathological changes in ultra structure level 
were testified on other plant species by Patel et al.19 & Wozny et al.20 
At the same time, all these damage could disrupt many plant activities 
including ant oxidative system, photosynthesis, respiration, mineral 
nutrition, membrane structure and properties and gene expression.21

Earlier studies confirmed that the damage to plant root system and 
the decrease in transpiration strength has caused by excess of lead.22 
and brought about a reduction in water uptake, then inadequate supply 
of water to the above ground plant parts. Lead causes disorder in the 
composition of both the lipid membrane and the protein fraction, 
enabling its permeation into cells.22 The growth-development, 
fresh-dry biomass and growth tolerance index of root, shoot and 
leafs were negatively altered by increasing lead concentrations 
in tomato seedlings. Same results were obtained by some other 
studies at the calculated lead concentration: root, shoot and leaf 
growth, fresh and dry biomass were critically reduced in Pisum 
Sativum,23 Zeamays,15 Paspalum distichum and Cynodondactylon,24 
in Lycopersicon esculentum,25 Ipomoea aquatic,26 Phaseolus vulgaris 
and Lens culinaris.27 Lead can also alter the activity and quantity 
of the key enzyme of various metabolic pathways such as those of 
the photosynthetic Calvin cycle,28 nitrogen metabolism,29 and sugar 
metabolism.30 Leaves are considered as one of the most important plant 
organs because of their role in capturing light and making food by the 
process of photosynthesis. In seeds, the testa avoids entry of lead into 
the internal tissues until it is ruptured by the developing radicle. Once 
the testa is ruptured, lead is taken up very rapidly, with distinguished 
exceptions occurring in the meristematic regions of the radicle and 
hypocotyls. In cotyledons, lead moves through the vascular tissues 
and tends to accumulate in discrete areas in the distal parts.31

Effects of lead on biochemical properties of plants

Like different heavy metals, lead treatment also affects the 

activity of a wide range of enzymes of different metabolic pathways. 
Chloramphenicol acetyl tranferase (CAT) is oxidoreductase that 
decomposes H2O2 to water and molecular oxygen, and it is one of the 
important enzymes involved in the removal of toxic peroxides. CAT 
activities in cuttings and seedlings significantly increased at lower 
lead concentrations, while at higher lead concentrations, it decreased. 
Reduced CAT activity at higher concentration of lead might be 
attributed to inactivation of enzyme by ROS, decrease in synthesis of 
enzyme, or change in assembly of its subunits.30 In most the inhibition 
exerted by lead on enzyme activity results from the interaction of 
lead with enzyme –SH groups.32 The vital enzyme of chlorophyll 
biosynthesis, α-amino laevulinate dehydrogenase, is powerfully 
inhibited by lead ions.33 Lead also inhibits the activities of enzymes 
of the reductive pentose phosphate pathway.34 In leaf homogenates 
of spinach the activity of ribulose-bis-phosphate carboxylase/
oxygenase was inhibited even at a lead nitrate concentration of 5µM. 
Lead was found to be highly definite in inhibiting ATP synthetase/
ATPase.35 In vitro application of lead to mitochondrial preparations 
from plant cells exposed a decrease in respiration rate with increasing 
lead concentrations.36 Using isolated chloroplasts and mitochondria 
in different plant species it has been shown that lead affects the flow 
of electrons via the electron transport system.37 The inhibitory effect 
of lead at higher concentrations appears to be due to disconnection 
of oxidative phosphorylation.38 At lower concentrations, however, a 
stimulation of respiration is observed in whole plants, detached leaves, 
isolated protoplasts and mitochondria.39 At higher concentrations of 
lead, inhibition of respiration is observed. Respiration of corn root tips 
decreased by 10-17 % after 1 hour treatment with 20 mM Pb and by 
28-40 % after 3 hours treatment.40 Lead is regarded as one of the most 
potent metal ions for the inhibition of chloroplastic ATP synthetase/
ATPase activity and for the destruction of the membranes.35Although 
the sensitivity of photophosphorylation to heavy metal ions is well 
documented, there is no general agreement regarding their site neither 
of action nor on the underlying mechanism.

Effect of lead on photosynthesis

The process of photosynthesis is unfavorably affected by lead 
toxicity. Plants exposed to lead ions show a decline in photosynthetic 
rate which results from partial chloroplast ultra-structure, restrained 
synthesis of chlorophyll, plastoquinone and carotenoids, obstructed 
electron transport, inhibited activities of Calvin cycle enzymes, as well 
as deficiency of CO2 as a result of stomatal closure.41 Ceratophyllum 
demersumplants when grown in aquatic medium containing Pb(NO3)2 
showed distinct changes in chloroplast fine structure.42 Leaf cells 
of such plants showed a reduction in grana stacks together with a 
reduction in the amount of stroma in relation to the lamellar system as 
well as absence of starch grains. Lead treatment also changes the lipid 
composition of thylakoid membranes.41 Lead inhibits chlorophyll 
synthesis by causing reduced uptake of essential elements such as 
Magnesium and Iron by plants. It harms the photosynthetic apparatus 
due to its affinity for protein N-and S-ligands.43 An enhancement of 
chlorophyll degradation occurs in lead-treated plants due to increased 
chlorophyllase activity.44 Chlorophyll b is reported to be more 
affected than chlorophyll a by lead treatment.45 Lead effects have 
been described for both donor and acceptor sites of photosynthesis-2 
(PS II), the cytochrome b/f complex and photosynthesis-1 (PS I). 
It is largely accepted that PS I electron transport is less sensitive to 
inhibition by lead than photosynthesis-2 (PS II).46
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Effects on Germination and Growth

When plants are exposed to lead, even at micromolar levels, 
adverse effects on germination and grow th can occur.47 Germination 
is strongly inhibited by very low concentrations of Pb2+.48 Lead-
induced inhibition of seed germination has been reported in Hordeum 
vulgare, Elsholtzia argyi, Spartina alterniflora, Pinus halepensis, 
Oryza sativa, and Zea mays.48 At higher concentrations, lead may 
speed up germination and simultaneously induce adverse affects 
on the length of radical and hypocotyl in E. argyi.48 Inhibition of 
germination may result from the interference of lead with protease and 
amylase enzymes.49 Lead exposure in plants also strongly limits the 
development and sprouting of seedlings. At low concentrations, lead 
inhibits the growth of roots and aerial plant parts.48 This inhibition 
is stronger for the root, which may be correlated to its higher lead 
content.50 Lead toxicity may also cause swollen, bent, short and stubby 
roots that show an increased number of secondary roots per unit root 
length.47 Recently, Jiang et al.51 reported mitochondrial swelling, loss 
of cristae, vacuolization of endoplasmic reticulum and dictyosomes, 
injured plasma membrane and deep colored nuclei, after 48–72 hours 
of lead exposure to A. sativum roots. Arias et al.52 reported significantly 
inhibited root elongation in Mesquite (Prosopis sp.). Plant biomass 
can also be restricted by high doses of lead exposure.53 Under severe 
lead toxicity stress, plants displayed obvious symptoms of growth 
inhibition, with fewer, smaller, and more brittle leaves having dark 
purplish abaxial surfaces.48 

Conclusion
In conclusion, lead is non essential element for plant although, 

it accumulates in different parts of plant and negatively affects 
various physiological processes. Such physiological processes 
include photosynthesis, respiration, mineral nutrition, membrane 
structure and properties and gene expression. Lead accumulation in 
the soil inhibits germination of seeds and retards growth of seedlings, 
decreases germination percent, germination index, root/shoot length, 
tolerance index and dry mass of roots and shoots. Therefore, this is the 
responsibility of Government and various environmental agencies to 
controlling heavy metals pollution especially lead.

Acknowledgements 
The authors wish to acknowledge the contribution of Dr. Nura 

Salisu of Department of Biological Sciences, Ahmadu Bello 
University, Zaria for his suggestions and corrections. 

Conflict of interest 
The author declares that no conflict of interest exists.

References
1.	 Hasan SA, Fariduddin Q, Ali B, et al. Cadmium: Toxicity and tolerance 

in plants. J Environ Biol. 2009;30(2):165–174.

2.	 Weast RC. CRC Handbook of Chemistry and Physics. 64th edn. CRC 
Press, Baca Raton 1984.

3.	 Foy CD, Chaney RL, White M. The physiology of metal toxicity in 
plants. Ann Rev Plant Physiol J. 2005;29:511–566.

4.	 Beak KH, Chang JY, Chang YY, et al. Phyto–remediation of soil 
contaminated with cadmium and/or 2,4,6– Trinitrotoluene. J Environ 
Biol. 2006;27:311–316.

5.	 Benavides MP, Susana M, Tomaro M. Cadmium toxicity in plants. Braz 

J Plant Physiol. 2005;17(1):21–34.

6.	 Das P, Samantaray S, Rout GR. Studies on cadmium toxicity in plants. 
Environ Pollut J. 2001;98:26–36.

7.	 Hall JL. Cellular mechanisms for heavy metal detoxification and 
tolerance. J Exp Bot. 2002;53:1–11.

8.	 Van Asshe F, Clijsters H. Effects of metals on enzyme activity in plant. 
Plant Cell Environ. 1990;13(13):195–206.

9.	 Fornazier RF, Ferreira RR, Vitoria AP, et al. Effects of cadmium on 
antioxidative enzyme activities in sugarcane. Biol Plant. 2002;45:91–
97.

10.	 Mahaffey KR. Environmental lead toxicity: nutrition as a component of 
intervention. Environ Health Perspect. 1990;89:75–78.

11.	 Karri SK, Saper RB, Kales SN. Lead Encephalopathy Due to Traditional 
Medicines. Curr Drug Saf. 2008;3:54–59.

12.	 Sharma P, Dubey RS. Lead toxicity in plants. Braz J Plant Physiol. 
2005;17(1):35–52.

13.	 Seregin IV, Ivanov VB. Physiological aspects of cadmium and lead 
toxic effects on higher plants. Russ J Plant Physiol. 2001;48(4):523–
544.

14.	 Mishra S, Srivastava S, Tripathi R, et al. Lead detoxification by coontail 
(Ceratophyllum demersum L.) involves induction of phytochelatins 
and antioxidant system in response to its accumulation. Chemosphere. 
2006;65(6):1027–1039.

15.	 Çimrin KM, Turan M, Kapur B. Effect of elemental sulphur on 
heavy metals solubility and remediation by plants in calcareous soils. 
Fresenius Environ Bull. 2007;16(9):1113–1120.

16.	 Chugh LK, Sawhney SK. Photosynthetic activities of Pisum sativum 
seedlings grown in presence of cadmium. Plant Physiol. Biochem. 
1999;37(4):297–303.

17.	 Opeolu BO, Adenuga PA, Ndakidemi Olujimi OO. Assessment of 
phyto–toxicity potential of lead on tomato (Lycopersicon esculentum 
L) planted on contaminated soils. International Journal of Physical 
Sciences. 2010;5(2):68–73.

18.	 Elzbieta WC, Chwil M. Lead–induced histological and ultra–structural 
changes in the leaves of soyben (Glycine max (L) Meee.).Soil Sciences 
and Plant Nutrition. 2005;51(2):203–212.

19.	 Patel JD, Devi GS. Variations in chloroplasts of lead mesophyll 
of syzygium cumini L. and Tamarrindus indica L. Growing under 
air pollution stress of a fertilizer complex. Indian Journal of 
Ecology.1986;13:1–4.

20.	 Wozny A, Jerczynska E, Liberska B. Influence of lead and kinetin on 
greening and cut leaves of Polluted environment and plant/ s pysilogy. 
Warsaw (in polish).1991:109–116.

21.	 Taylor GJ. Overcoming barriers to understanding the cellular basis of 
aluminium resistance. Plant and Soil. 1995;171(1):89–103.

22.	 Kastori R, Petrovic M, Petrovic N. Effect of excess lead,cadmium, 
copper, and zinc on water relations in sunflower. Journal of Plant 
Nutrition. 1992;15(11):2427–2439.

23.	 Kevresan S, Petrovic N, Popovic M, et al. Nitrogen and protein 
metabolism in young pea plants as affected by different concentrations 
of nickel, cadmium, lead, and molybdenum. Journal of Plant Nutrition. 
2001;24(10):1633–644.

24.	 Shua WS, Yeb ZH, Lana CY, et al. Lead, zinc and copper accumulation 
and tolerance in populations of Paspalum distichum and Cynodon 
dactylon. Environmental Pollution. 2002;120(2):445–453.

https://doi.org/10.15406/mojes.2018.03.00098
https://www.ncbi.nlm.nih.gov/pubmed/20121012
https://www.ncbi.nlm.nih.gov/pubmed/20121012
http://wiki.phy.queensu.ca/PHYS106/images/8/82/CRC.pdf
http://wiki.phy.queensu.ca/PHYS106/images/8/82/CRC.pdf
https://www.annualreviews.org/doi/abs/10.1146/annurev.pp.29.060178.002455
https://www.annualreviews.org/doi/abs/10.1146/annurev.pp.29.060178.002455
https://www.ncbi.nlm.nih.gov/pubmed/17436516
https://www.ncbi.nlm.nih.gov/pubmed/17436516
https://www.ncbi.nlm.nih.gov/pubmed/17436516
http://www.scielo.br/pdf/bjpp/v17n1/a03v17n1
http://www.scielo.br/pdf/bjpp/v17n1/a03v17n1
https://www.ncbi.nlm.nih.gov/pubmed/15093342
https://www.ncbi.nlm.nih.gov/pubmed/15093342
https://www.ncbi.nlm.nih.gov/pubmed/11741035
https://www.ncbi.nlm.nih.gov/pubmed/11741035
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-3040.1990.tb01304.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-3040.1990.tb01304.x
https://link.springer.com/article/10.1023/A:1015100624229
https://link.springer.com/article/10.1023/A:1015100624229
https://link.springer.com/article/10.1023/A:1015100624229
https://www.ncbi.nlm.nih.gov/pubmed/2088758/
https://www.ncbi.nlm.nih.gov/pubmed/2088758/
https://www.ncbi.nlm.nih.gov/pubmed/18690981/
https://www.ncbi.nlm.nih.gov/pubmed/18690981/
http://www.scielo.br/pdf/%0D/bjpp/v17n1/a04v17n1.pdf
http://www.scielo.br/pdf/%0D/bjpp/v17n1/a04v17n1.pdf
https://link.springer.com/article/10.1023/A:1016719901147
https://link.springer.com/article/10.1023/A:1016719901147
https://link.springer.com/article/10.1023/A:1016719901147
https://www.ncbi.nlm.nih.gov/pubmed/16682069
https://www.ncbi.nlm.nih.gov/pubmed/16682069
https://www.ncbi.nlm.nih.gov/pubmed/16682069
https://www.ncbi.nlm.nih.gov/pubmed/16682069
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/461243
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/461243
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/461243
https://www.sciencedirect.com/science/article/pii/S098194289980028X
https://www.sciencedirect.com/science/article/pii/S098194289980028X
https://www.sciencedirect.com/science/article/pii/S098194289980028X
http://www.academicjournals.org/journal/IJPS/article-full-text-pdf/876FAF722563
http://www.academicjournals.org/journal/IJPS/article-full-text-pdf/876FAF722563
http://www.academicjournals.org/journal/IJPS/article-full-text-pdf/876FAF722563
http://www.academicjournals.org/journal/IJPS/article-full-text-pdf/876FAF722563
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1747-0765.2005.tb00024.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1747-0765.2005.tb00024.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1747-0765.2005.tb00024.x
https://link.springer.com/article/10.1007/BF00009570
https://link.springer.com/article/10.1007/BF00009570
https://www.tandfonline.com/doi/abs/10.1080/01904169209364485
https://www.tandfonline.com/doi/abs/10.1080/01904169209364485
https://www.tandfonline.com/doi/abs/10.1080/01904169209364485
https://www.tandfonline.com/doi/abs/10.1081/PLN-100106026
https://www.tandfonline.com/doi/abs/10.1081/PLN-100106026
https://www.tandfonline.com/doi/abs/10.1081/PLN-100106026
https://www.tandfonline.com/doi/abs/10.1081/PLN-100106026
https://www.ncbi.nlm.nih.gov/pubmed/12395858
https://www.ncbi.nlm.nih.gov/pubmed/12395858
https://www.ncbi.nlm.nih.gov/pubmed/12395858


The effect of lead on plants in terms of growing and biochemical parameters: a review 268
Copyright:

©2018 Nas et al.

Citation: Nas FS, Ali M. The effect of lead on plants in terms of growing and biochemical parameters: a review. MOJ Eco Environ Sci. 2018;3(4):265‒268. 
DOI:10.15406/mojes.2018.03.00098

25.	 Jaja ET, Odoemena CSI. Effect of Pb, Cu and Fe compounds on the 
germination and early seedling growth of tomato varieties. Journal of 
Applied Sciences and Environmental Management. 2004;8(2):51–53.

26.	 Gothberg A, Greger M, Holm K et al. Influence of Nutrient Levels on 
Uptake and Effects of Mercury, Cadmium, and Lead in Water Spinach. 
Journal of Environmental Quality. 2004;33:1247–1255.

27.	 Haider S, Kanwal S, Uddin F, et al. Phytotoxicity of Pb II. Changes 
in chlorophyll absorption spectrum due to toxic metal Pb stress on 
Phaseolus mungo and Lens culinaris. Pakistan Journal of Biological 
Sciences. 2006;9(11):2062–2068.

28.	 Stevens RG, Creissen GP, Mullineaux PM. Cloning and characterization 
of a cytosolic glutathione reductase cDNA from pea (Pisum sativum 
L.) and its expression in response to stress. Plant Molecular 
Biology.1997;35(5):641–654.

29.	 Kumar RG, Dubey RS. Glutamine synthetase isoforms from rice 
seedlings: effects of stress on enzyme activity and the protective roles 
of osmolytes. Journal of Plant Physiology.1999;155(1):118–121.

30.	 Verma S, Dubey RS. Lead toxicity induces lipid peroxidation and alters 
the activities of antioxidant enzymes in growing rice plants. Plant 
Sciences. 2003;164(4):645–655.

31.	 Lane SD, Martin ES. A histochemical investigation of lead uptake in 
Raphanus sativus. New Phytol. 1977;79(2):281–286.

32.	 Levine MB, Stall AT, Barrett GW, et al. Heavy metal concentration 
during ten years of sludge treatment to an old–field community. Journal 
of Environmental Quality. 1989;18(4):411–418.

33.	 Prassad TK. Mechanisms of chilling–induced oxidative stress injury 
and tolerance in developing maize seedlings: changes in antioxidant 
system, oxidation of proteins and lipids, and protease activities. Plant 
Journal. 1996;10(6):1017–1026.

34.	 Hampp R, Ziegler H, Ziegler I. Influence of lead ions on the activity of 
enzymes of reductive pentose phosphate pathway. Biochem Physiol P 
flanzen. 1973;164(5–6):588–595.

35.	 Tushu I, Brouillette JN. Metal ion inhibition of corn root 
plasmamembrane ATPase. Phytochemistry. 1987;26(1):65–69.

36.	 Reese RN,Roberts LW. Effects of cadmium on whole cell and 
mitochondrial respiration in tobacco cell suspension cultures (Nicotiana 
tobacum L. var. xanthi). Journal of Plant Physiology. 1985;120(2):123–
130.

37.	 Miles CD, Brandle JR, Daniel DJ, et al. Inhibition of PS II in isolated 
chloroplasts by lead. Plant Physiol. 1972;49(5):820–825.

38.	 Miller RJ, Biuell JE, Koeppe, DE. The effect of cadmium on electron 
and energy transfer reactions in corn mitochondria. Physiology of Plant. 
1973;28(1):166–171.

39.	 Parys E, Romanowaska E, Siedlecka, et al. The effect of lead on 
photosynthesis and respiration in detached leaves and in mesophyll 

protoplasts of Pisum sativum. Acta Physiology of Plant. 1998;20:313–
322.

40.	 Koeppe DE. The uptake, distribution and effect of cadmium and lead in 
plants. Science Total Environment. 1977;7(3):197–205.

41.	 Stefanov K, Seizova K, Popova I, et al. Effects of lead ions on the 
phospholipid composition in leaves of Zea mays and Phaseolus 
vulgaris. Journal of Plant Physiology. 1995;147(2):243–246.

42.	 Rebechini HM, Hanzely L. Lead–induced ultrastructural changes in 
chloroplasts of the hydrophyte Ceratophyllum demersum. Z Pf lanzen 
physiology. 1974;73(5):377–386.

43.	 Ahmed A, Tajmir–Riahi HA. Interaction of toxic metal ions Cd2+, 
Hg2+ and Pb with light–harvesting proteins of chloroplast thylakoid 
membranes. An FTIR spectroscopic study. Journal of Inorganic 
Biochemistry. 1993;50(4):235–243.

44.	  Drazkiewicz, M. Chlorophyll–occurrence, functions, mechanism 
of action, effects of internal and external factors. Photosynthetica. 
1994;30:321–331.

45.	 Vodnik D, Jentschke G, Fritz E, et al. Root–applied cytokinin reduces 
lead uptake and affects its distribution in Norway spruce seedlings. 
Physiology of Plant. 1999;106:75.

46.	 Mohanty N, Vass I, Demeter S. Copper toxicity affects Photosystem 
II electron transport at the secondary quinone acceptor. QB. Plant 
Physiology. 1989;90(1):175–179. 

47.	 Kopittke PM, Asher CJ, Kopittke RA, et al. Prediction of Pb speciation 
in concentrated and dilute nutrient solutions. Environ Pollut. 
2008;153(3):548–554.

48.	 Islam E, Liu D, Li T, et al. Effect of Pb toxicity on leaf growth, 
physiology and ultrastructure in the two ecotypes of Elsholtzia argyi. J 
Hazard Mater. 2008;154(1–3):914–926.

49.	 Sengar RS, Gautam M, Sengar RS, et al. Lead stress effects on 
physiobiochemical activities of higher plants. Rev Environ Contam 
Toxicol. 2008;196:73–93.

50.	 Liu T, Liu S, Guan H, et al. Transcriptional profiling of Arabidopsis 
seedlings in response to heavy metal lead (Pb). Environ Exp Bot. 
2009;67(2):377–386.

51.	 Jiang W, Liu D. Pb–induced cellular defense system in the root 
meristematic cells of Allium sativum L. BMC Plant Biol. 2010;10:40.

52.	 Arias JA, Peralta–Videa JR, Ellzey JT, et al. Effects of Glomus 
deserticola inoculation on Prosopis: enhancing chromium and lead 
uptake and translocation as confirmed by X–ray mapping, ICP–OES 
and TEM techniques. Environ Exp Bot. 2010;68(2):139–148.

53.	 Singh R, Tripathi RD, Dwivedi S, et al. Lead bioaccumulation potential 
of an aquatic macrophyte Najas indica are related to antioxidant system. 
Bioresour Technol. 2010.101(9):3025–3032.

https://doi.org/10.15406/mojes.2018.03.00098
https://tspace.library.utoronto.ca/bitstream/1807/4177/1/ja04024.pdf
https://tspace.library.utoronto.ca/bitstream/1807/4177/1/ja04024.pdf
https://tspace.library.utoronto.ca/bitstream/1807/4177/1/ja04024.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15254106
https://www.ncbi.nlm.nih.gov/pubmed/15254106
https://www.ncbi.nlm.nih.gov/pubmed/15254106
https://scialert.net/fulltextmobile/?doi=pjbs.2006.2062.2068
https://scialert.net/fulltextmobile/?doi=pjbs.2006.2062.2068
https://scialert.net/fulltextmobile/?doi=pjbs.2006.2062.2068
https://scialert.net/fulltextmobile/?doi=pjbs.2006.2062.2068
https://www.ncbi.nlm.nih.gov/pubmed/9349285
https://www.ncbi.nlm.nih.gov/pubmed/9349285
https://www.ncbi.nlm.nih.gov/pubmed/9349285
https://www.ncbi.nlm.nih.gov/pubmed/9349285
https://www.sciencedirect.com/science/article/pii/S0176161799801503
https://www.sciencedirect.com/science/article/pii/S0176161799801503
https://www.sciencedirect.com/science/article/pii/S0176161799801503
https://www.sciencedirect.com/science/article/pii/S0168945203000220
https://www.sciencedirect.com/science/article/pii/S0168945203000220
https://www.sciencedirect.com/science/article/pii/S0168945203000220
https://dl.sciencesocieties.org/publications/jeq/abstracts/18/4/JEQ0180040411?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/18/4/JEQ0180040411?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/18/4/JEQ0180040411?access=0&view=pdf
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-313X.1996.10061017.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-313X.1996.10061017.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-313X.1996.10061017.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-313X.1996.10061017.x
https://www.sciencedirect.com/science/article/pii/S0015379617307369
https://www.sciencedirect.com/science/article/pii/S0015379617307369
https://www.sciencedirect.com/science/article/pii/S0015379617307369
https://www.sciencedirect.com/science/article/abs/pii/S003194220081482X
https://www.sciencedirect.com/science/article/abs/pii/S003194220081482X
https://www.sciencedirect.com/science/article/pii/S017616178580016X
https://www.sciencedirect.com/science/article/pii/S017616178580016X
https://www.sciencedirect.com/science/article/pii/S017616178580016X
https://www.sciencedirect.com/science/article/pii/S017616178580016X
https://www.ncbi.nlm.nih.gov/pubmed/16658055
https://www.ncbi.nlm.nih.gov/pubmed/16658055
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1973.tb01170.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1973.tb01170.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-3054.1973.tb01170.x
https://link.springer.com/article/10.1007/s11738-998-0064-7
https://link.springer.com/article/10.1007/s11738-998-0064-7
https://link.springer.com/article/10.1007/s11738-998-0064-7
https://link.springer.com/article/10.1007/s11738-998-0064-7
https://www.sciencedirect.com/science/article/pii/0048969777900432
https://www.sciencedirect.com/science/article/pii/0048969777900432
https://www.sciencedirect.com/science/article/pii/S0176161711815117
https://www.sciencedirect.com/science/article/pii/S0176161711815117
https://www.sciencedirect.com/science/article/pii/S0176161711815117
https://www.sciencedirect.com/science/article/pii/S0044328X74801066
https://www.sciencedirect.com/science/article/pii/S0044328X74801066
https://www.sciencedirect.com/science/article/pii/S0044328X74801066
https://www.sciencedirect.com/science/article/pii/016201349380050J
https://www.sciencedirect.com/science/article/pii/016201349380050J
https://www.sciencedirect.com/science/article/pii/016201349380050J
https://www.sciencedirect.com/science/article/pii/016201349380050J
http://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1711716
http://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1711716
http://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1711716
http://agris.fao.org/agris-search/search.do?recordID=DK1999001801
http://agris.fao.org/agris-search/search.do?recordID=DK1999001801
http://agris.fao.org/agris-search/search.do?recordID=DK1999001801
https://www.ncbi.nlm.nih.gov/pubmed/16666731
https://www.ncbi.nlm.nih.gov/pubmed/16666731
https://www.ncbi.nlm.nih.gov/pubmed/16666731
https://www.ncbi.nlm.nih.gov/pubmed/17959287
https://www.ncbi.nlm.nih.gov/pubmed/17959287
https://www.ncbi.nlm.nih.gov/pubmed/17959287
https://www.sciencedirect.com/science/article/pii/S0304389407015944
https://www.sciencedirect.com/science/article/pii/S0304389407015944
https://www.sciencedirect.com/science/article/pii/S0304389407015944
https://www.ncbi.nlm.nih.gov/pubmed/19025093
https://www.ncbi.nlm.nih.gov/pubmed/19025093
https://www.ncbi.nlm.nih.gov/pubmed/19025093
https://www.sciencedirect.com/science/article/pii/S0098847209000719
https://www.sciencedirect.com/science/article/pii/S0098847209000719
https://www.sciencedirect.com/science/article/pii/S0098847209000719
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-40
https://bmcplantbiol.biomedcentral.com/articles/10.1186/1471-2229-10-40
https://www.sciencedirect.com/science/article/pii/S0098847209001804
https://www.sciencedirect.com/science/article/pii/S0098847209001804
https://www.sciencedirect.com/science/article/pii/S0098847209001804
https://www.sciencedirect.com/science/article/pii/S0098847209001804
https://www.ncbi.nlm.nih.gov/pubmed/20053550
https://www.ncbi.nlm.nih.gov/pubmed/20053550
https://www.ncbi.nlm.nih.gov/pubmed/20053550

	Title
	Abstract 
	Keywords
	Introduction 
	Lead 
	Sources of lead  

	Results and discussion 
	Adverse effects of lead 
	Effects of lead on biochemical properties of plants 
	Effect of lead on photosynthesis 
	Effects on Germination and Growth 

	Conclusion 
	Acknowledgements  
	Conflict of interest  
	References 

