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ABSTRACT

Cadmium (Cd) is a toxic heavy metal that enters the environment through various anthropogenic sources, and
inhibits plant growth and development. Cadmium toxicity may result from disturbance in plant metabolism as a
consequence of disturbance in the uptake and translocation of mineral nutrients. Although plants do not require
Cd for growth or reproduction, the bioaccumulation index of Cd in green plants exceeds that of all other trace
elements. Heavy metal contamination is a serious environmental problem that can have detrimental impacts on
human health. The amount of Cd accumulated and translocated in plants varies with species and with cultivars
within species. Soil, environmental and management factors impact on the amount of Cd accumulated in plants.
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INTRODUCTION

Cadmium is a heavy metal naturally present in
soils. It may also be added to the soil as a
contaminant in fertilizer, manure, sewage
sludge and from aerial deposition. The amount
of cadmium contributed from each source
varies with location due to differences in soil
formation, management practices and exposure
to pollution sources, but the level of Cd in the
soil appears to be increasing over time (1,2).
Although plants do not require Cd for growth
or reproduction, the bioaccumulation index of
Cd in green plants exceeds that of all other
trace elements (3). Plants can accumulate
relatively high levels of cadmium, without
adverse effects on growth (4,5). Cadmium is
retained for many years in the human body, so
consumption of foods high in Cd may induce
chronic toxicity (6,7). The World Health
Organization set a maximum provisional
tolerable intake limit for an adult at 60 to 70 pg

Cd per day (8) and the Codex Alimentarius
Commission of FAO/WHO is discussing a limit
of 0.1 mg kg-1 for cereal grains and oilseeds
traded on international markets. Australia has
adopted maximum permissible concentrations
for Cd in various foods, including 0.05 mg Cd
kg-1 fresh weight for potatoes (9). Cd limits
have also been adopted by other countries
(Walker 1988).

Vast areas of crop land can be considered to be
uncontaminated or only slightly contaminated
with Cd from phosphate fertilizer, manure and
aerial deposition. Under such conditions, some
crops such as durum wheat, flax, sunflowers
and potatoes can accumulate amounts of Cd
which exceed current and proposed maximum
acceptable Cd concentrations.

Cadmium concentration in sunflower kernels of
nine major commercial non-oilseed hybrids
grown at uncontaminated sites in North Dakota
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and Minnesota varied from 0.79 to 1.17 mg kg-
1 (means across four locations) (11). The
occurrence of potatoes containing greater than
0.05 mg Cd kg-1 fresh weight was associated
with the use of saline irrigation water in areas
of South Australia and not with Cd
contamination (9).

MECHANISM OF PLANT CADMIUM
UPTAKE AND

DISTRIBUTION

Heavy metal contamination is a serious
environmental problem that can have
detrimental impacts on human health. The
primary sources which contribute to the present
level of metal pollution include burning of
fossil  fuels, mining and smelting of
metalliferous ores, pesticides, downwash from
power lines, fertilisers, sewage and the
inappropriate  disposal of residual waste
(Migeon et al., 2010).

Iron (Fe), copper (Cu), manganese (Mn), zinc
(Zn), nickel (Ni), and cobalt (Co) are heavy
metals known to be essential micronutrients for
plant metabolism, but they can be highly toxic
when present in excess (Williams et al., 2000).
Non-essential heavy metals such as lead (Pb),
cadmium (Cd) and mercury (Hg) are extremely
toxic even if taken in at low concentrations due
to their reactivity with S and N atoms in amino
acid chains, and they have no biological
functions (15-16).

The first step involved in plant metal
homeostasis is the uptake of metals through
metal transporters on the plasma membrane. A
balance between both uptake and efflux is
necessary to effectively regulate internal metal
concentrations (17).

The uptake of metal ions is a passive process in
most cases, through specific transporters. This
process is passive mainly because of the
membrane potential, which is negative on the
inside of the plasma membrane and therefore
creates a very powerful driving force for the
influx of cations through channel proteins and
carrier proteins (18).

Cadmium accumulation also varies among
cultivars  within  a  species  (19-21).
Accumulation of high levels of Cd in the root,
as discussed under “Mechanism of Plant
Uptake and Distribution”, may limit the
accumulation of Cd in edible aboveground
portions of the plant. The root regulates Cd
transfer to the shoot in tobacco lines (22).

Introduction of mouse metallothionein into
several tobacco lines led to seedlings that
contained leaf levels of Cd about 14% lower
than in the controls, because the Cd was
retained in the roots. Sequesteration of Cd in
roots as Cd-metallothionein appears to have
limited potential for reducing Cd content of
above-root tissues in certain plants. Lack of
absolute metal specificity of chelators such as
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Figure 1.1: Simplified hypothetical scheme of the
cellular plant metal homeostasis network (15).
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metallothionein may impair their use for
partitioning Cd into nonconsumed plant tissue,
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since the balance of other essential cations may
be disrupted (22).

As we are focused of genetic selection, Low Cd
concentration is also being used as a criterion in
breeding of oilseed flax (Kenaschuk and
Dribnenki, Pers. Commun., AAFC, Morden,
MB, Canada). Biotechnological techniques for
gene transfer across species may also play a
role in development of low Cd food crops
(22,23).

Effects of toxicity per cadmium on plants
Chlorosis may appear by exchanging Cd with
Fe or Mg, in the latter case affecting the
stability and biosynthesis of chlorophylls.
Damages also associated with chlorosis are P
deficiency and reduction in the transport of Mn
(24)

The reduction in photosynthetic growth and
activity, nutritional imbalance, oxidative stress
and effects on enzymatic activities are the most
pronounced damages that are in the different
studies of toxicity with Cd frequently
expressed. The Cd also causes inhibition in the
activities of the metalloenzymes, due to the
substitution of it with metals with similar load
or size such as Zn and Mg, the latter present in
the enzyme Rubisco and its exchange with the
Cd results in dissociation of the enzyme in
subunits (25)

Stress tolerance mechanisms for Cd

he specific adaptations of plants to Cd stress are
two main strategies based on; some prevent or
regulate the entry and transport of the same and
others tolerate certain contents of Cd, through
its detoxification, by chelation in intracellular
organelles(26,27). Other tolerance mechanisms
are, the increase of the antioxidant defense
system, cell homeostasis(28), the increase in
endogenous production of plant growth
regulators and the modification of metabolism
in function of repairing the damaged cell
structure(29,30).

Subsequent research in other crops and other
elements continued to promote adequate
nutrition as a way to mitigate Cd stress. Among
the different nutrients P, K, S, Fe and Zn
showed significant favorable effects. The
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application of P in wheat plants increased the
biomass of the shoots, the leaf area, and the
content of photosynthetic pigments and, in turn,
favoured the assimilation of other nutrients,
such as K, Ca, Mg and Mn. It also increased the
activity of antioxidant enzymes and decreased
the content of Cd and H,O, in the outbreaks
(26,30)

The activity of antioxidant system maintains
the redox status of plant cell, removes reactive
oxygen species (ROS), mitigates Cd-induced
stress at different level of their targeting sites
and maintains functionality of photosynthetic
system, resulting in increased plant dry mass,
growth and yield. The potential of some of the
important plant macro, micro and beneficial
elements in alleviating Cd toxicity in plants

Primary nutrient elements (N, P, K) are integral
part of our agricultural system for optimizing
crop productivity and also for sustainable
agriculture. Nitrogen supplementation to Cd-
stressed plant leads to an enhanced Cd
tolerance in plants by increasing the
photosynthetic capacity of plants. Pankovic et
al. [32]

Conclusion

Cd toxicity reduces growth, photosynthetic
activity, and chlorophyll content and causes
chlorosis mainly in young leaves. In addition, it
interferes with the entry and transport of
nutrients and causes oxidative stress and effects
on enzymatic activities.

Nutrient management is one of the most
efficient strategies to reduce the effects of Cd
on plants. The studies carried out on this topic
only evaluate the effects of certain independent
nutrients and the simultaneous effects of the
combination of several of them are not
evaluated.

Mineral nutrition of crops is an essential
component of our agricultural  system.
However, higher levels of Cd in soil alter the
uptake and translocation of mineral nutrients
elements, resulting in nutrient deficiencies,
oxidative stress, and reduction in plant growth
and development of agricultural crops.
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