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ABSTRACT

In recent years, contamination of the environment by chromium (Cr) has
become a major area of concern. Chromium is the 17" most abundant
element in the earth’s mantle. Chromium is used on large scale in many
industries including metallurgical, electroplating, production of paints and
pigments, tanning, wood preservation, chemical production and pulp and
paper production. Cr exists in several oxidation states but the most stable
and common forms are Cr (0), Cr (I11) and Cr (VI) species. Cr toxicity in
plant depends on its valence state. Cr (V1) is being highly mobileistoxic. Cr
(111) aslessmobileisless toxic. Chromium is known to be atoxic metal that
can cause severe damage to plant. Toxic effects of Cr on plants growth and
development include alterations in the process of germination, growth of
roots, stem and leaves, which may affect total dry matter production and
yield. Cr also causes detrimental effects on the plant physiological processes
such as photosynthesis, water relations, mineral nutrition, oxidative
imbalance and inhibition of enzymatic activities. Chromium can affect
antioxidant metabolism in plant. Chromium- induced oxidative stress
involves induction of lipid peroxidation in plants that causes severe damage
to cell membrane. Cr is able to induce genotoxicity in several plant species.
The use of biological remediation technologies such as bioremediation and
Phytoremediation for the cleanup of Cr-contaminated areas has received
increasing interest from researchers worldwide. This paper includes an
overview of the literature about Cr toxicity in the environment, especialy in
water and soil and provides new insights about Cr toxicity in plants.

I ntroduction

Chromium (Cr) is the 17th most abundant ultramafic and  serpentine rocks  or
dement in_ the Eath’s mantle complexed with _other metals like crocoite
(Avudainayagam et a., 2003). It occurs (PbCrOy), bentorite Cab (Cr,Al)2(SO4)s and

naturally as chromite (FeCr,O4) in

tarapacaite (K2CrOy), vauquelinite
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(CuPb,CrO4PO,0OH), among others (Babula
et a., 2008). Cr iswidely used in industry as
plating, aloying, tanning of animal hides,
inhibition of water corrosion, textile dyes
and mordants, pigments, ceramic glazes,
refractory bricks, and pressure-treated
lumber (Avudainayagam et a, 2003). Due to
this wide anthropogenic use of Cr, the
consequent environmental contamination
increased and has become an increasing
concern in the last years (Zayed and Terry,
2003). Chromium exists in several oxidation
states, but the most stable and common
forms are Cr (0), the trivalent Cr (I1I), and
the hexavalent Cr (V1) species. Cr(0) is the
metallic form, produced in industry and is a
solid with high fusion point usually used for
the manufacturing of steel and other aloys.
Cr(V1) in the forms of chromate (CrO4),
dichromate  (CrO,*), and CrO3 is
considered the most toxic forms of
chromium, as it presents high oxidizing
potential, high solubility, and mobility
across the membranes in living organisms
and in the environment. Cr (I11) in the forms
of oxides, hydroxides, and sulphates is less
toxic as it is relatively insoluble in water,
presents lower mobility, and is mainly
bound to organic matter in soil and aquatic
environments. Moreover, Cr (111) forms tend
to form hydroxide precipitates with Fe at
typica ground water pH values. At high
concentrations of oxygen or Mn oxides, Cr
(111) can be oxidized to Cr (VI) (Becquer et
al., 2003; Peralta et a, 2009).

Chromium in the environment
Chromium in water

Chromium may enter the natural waters by
weathering of Cr-containing rocks, direct

discharge from industrial operations,
leaching of soils, among others. In the
aquatic environment Cr may suffer

reduction, oxidation, sorption, desorption,
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dissolution, and precipitation (Kimbrough et
al, 1999). The agqueous solubility of Cr (I11)
is a function of the pH of the water. Under
neutral to basic pH, Cr (111) will precipitate
and conversely under acidic pH it will tend
to solubilize. The forms of Cr (V1) chromate
and dichromate are extremely soluble under
all pH conditions, but they can precipitate
with divalent cations (Kimbrough et a,
1999). The recommended limits for Cr
concentration in water are 8 ug L—1 for Cr
(M) and 1 xg L—1 for Cr (VI). In the
effluents in the vicinity of Cr industries the
levels of Cr range from 2 to 5 g L-1
(Chandraet al, 1997).

Chromium in soil

The concentration of Cr in the soils may
vary considerably according to the natura
composition of rocks and sediments that
compose them (Kimbrough et a, 1999). The
levels of chromium in the soil may increase
mainly through anthropogenic deposition, as
for example atmospheric deposition (Rosas
et a, 1989), also dumping of chromium-
bearing liquids and solid wastes as
chromium byproducts, ferrochromium slag,
or chromium plating baths (Kimbrough et al,
1999). Generaly, Cr in soil represents a
combination of both Cr (111) and (VI). Asin
aguatic environment, once in the soil or
sediment, Cr undergoes a variety of
transformations, such as  oxidation,
reduction, sorption, precipitation, and
dissolution (Kimbrough et a, 1999). The
oxidants present in the soil (e.g., dissolved
oxygen andMnQO,) can oxidize Cr (I11) to Cr
(V1) (Fendrof et al, 1992); however, it seems
that oxidation of Cr (l1l) by dissolved O is
residua when compared with MnO,. The
forms of Cr (VI) are on the other hand
reduced by iron, vanadium, sulphydes, and
organic materials (Cary, 1982). However,
when the reducing capacity of the soil is
overcome, Cr (V1) may persist in the soil or
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sediment for years, especidly if the soils are
sandy or present low levels of organic
matter. (L° opez-Luna et a., 2009)
compared the toxicity of Cr (VI), Cr (lI1),
and Cr tannery dludge respecting to Cr
mobility in the soil and toxicity in wheat,
oat, and sorghum plants and found that Cr
(V1) was more mobile in soil and caused
higher toxicity on those plant seedlings,
while tannery sludge was the least toxic (L
opez-Lunaet al., 2009).

Chemical properties of chromium

Chromium is the 21st most abundant
minera in the crust of the earth; the average
Cr concentration in US soils is around 40
mg/kg (Barnhart, 1997). The results of
research focusing on the content of risk
elements in farm land throughout the Czech
Republic in 1991-1994 have been published
by (Mazanec 1996). Although chromium
(relative aomic mass 51.996 g) may
theoretically occur in all oxidation states
from —2 to +6, it is most often found in O,
+2, +3 and +6. Elemental chromium (0) is
not naturally present in the earth crust and is
biologically inert. Almost al naturally found
Cr is trivalent while hexavalent Cr is mostly
of industrial origin. Most Cr compounds are
halides, oxides or sulphides.

Divalent chromium (Cr®) is a strong
reductant; the form is readily oxidised when
in contact with air, producing Cr*. This
explains why divalent Cr is not available in
biological systems.

Hexavalent chromium (Cr®") is the second
most stable form and a strong oxidising
agent, especidly in acidic media.
Hexavalent chromium is bound to oxygen as
chromate (CrO, %) or dichromate (Cr,0; %)
with a strong oxidative capacity. This form
of Cr crosses bhiological membranes easily,
reacting with protein components and
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nucleic acids inside the cell while being
deoxygenated to Cr**. The reaction with
genetic matter provides for the carcinogenic
properties of Cr®".

Trivalent chromium (Cr*") is the most
stable oxidation state in which Crisfound in
living organisms. It does not have the
capacity to cross cell membranes easily
(Mertz, 1992) and has a low reactivity,
which is the most significant biological
feature distinguishing it from Cr®*. Trivalent
Cr forms a number of coordination
complexes, hexadentate ligands being the
basic form. Some forms of Cr®* (e.g. Cr,03)
are, thanks to their low reactivity and
absorption from the gastrointestinal system,
used as markers in the study of digestion
processes (Furnival et a., 1990a,b).
Chromium environmrnt
contaminant

as an

Cr and its compounds have multifarious
industrial  uses. They are extensively
employed in leather processing and finishing
(Nriagu, 1988), in the production of
refractory steel, drilling muds, electroplating
cleaning agents, catalytic manufacture and
in the production of chromic acid and
speciaty chemicals. Hexavalent chromium
compounds are used in industry for metal
plating, cooling tower water treatment, hide
tanning and, until recently, wood
preservation. These anthropogenic activities
have led to the widespread contamination
that Cr shows in the environment and have
increased its bioavailability and biomobility.
A detailed review on the critical assessment
of Cr in the environment has been published
by Kimbrough et al. (1999), Kotas and
Stasicka (2000). The leather industry is the
major cause for the high influx of Cr to the
biosphere, accounting for 40% of the total
industrial use (Barnhart, 1997). In India,
about 2000-32,000 tons of elementa Cr
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annually escapes into the environment from
tanning industries. Even if the recommended
limit for Cr concentration in water are set
differently for Cr(I11) (8 Ag L_1) and Cr(VI)
(LAgL_1),itrangesfrom2to 5 g/L inthe
effluents of these industries (Chandra et al.,
1997). In the United States, 14.6 AgL_1in
ground water and 25.9 gd kg_1 in soil have
been found in the vicinity of chrome
production sites (Zayed and Terry, 2003).

Uptake of chromium

The pathway of Cr uptake in plants is not
yet clearly elucidated. However, being a
nonessential element, Cr does not have any
specific mechanism for its uptake and is also
dependent on Cr speciation. Plant uptake of
Cr (I11) is a passive process, that is, no
energy expenditure is required by the plant
(Zayed and Terry, 2003; (Skeffington et al.,
1976). The uptake of Cr (VI) is thought to
be an active mechanism performed by
carriers for the uptake of essential elements
such as sulphate (Kim et al., 2006;
Cervantes et al., 2001. Cr also competes
with Fe, S, and P for carrier binding
(Shanker et al., 2005). Cr (V1) has higher
solubility and thus bioavailability is more
toxic at lower concentrations than Cr (111),
which tends to form stable complexesin the
soil (L” opez-Luna et a., 2009). There are
conflicting results concerning the uptake and
trandocation of Cr (VI1).While some authors
defend that Cr (V1) is reduced to Cr (I11) on
the root surface ( Ramchandran et a., 2001);
Zayed et al., 1998), others suggest that
dissolved Cr (VI) is taken up by plants
without reduction (Mishra et a., 1995).
Thus, Cr toxicity is dependent on metal
speciation, which is determinant for its
uptake, transocation and accumulation. Cr
is toxic for agronomic plants at about 0.5 to
5.0 mgmL ! in nutrient solution and 5 to
100 mg g * in soil (Hossner, 1996). Under
normal conditions, concentration of Cr in
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plants is less than 1 ug g * ( Mortvedt and
Giordano., 1976).
and

Chromium accumulation

translocation

Cr accumulates mainly in roots and shoots;
however roots accumulate the maor part,
being usually only a small part translocated
to the shoots (Paiva et a. 2009;
Sundaramurthi et al., 2010). In pea plants
exposed to Cr there was an increase in
concentration of Cr in different parts of the
plant with the increase of Cr supply.

Accumulation of Cr in the different parts of
the plant was in the following order roots >
stem > leaves > seed (Tiwari et a., 2009).
Corroborating these results are the findings
of several works and for instance, Huffman
and Allaway (Huffman and Allaway., 1973)
found that bean seeds accumulated about
0.1% Cr, while roots accumulated 98%.
Furthermore, Liu and coworkers (Liu et a.,
2008) studied hydroponically grown A.
viridis L. under different concentrations of
Cr(VI) and found that Cr was accumulated
primarily in roots (Liu et a., 2008). Another
study performed by Vernay et a., (2007) in
Lolium perenne grown in the presence of
500 uM of Cr(VI) showed that roots
accumulated 10 times more Cr than leaves.
Spinach  (Spinacia oleracea L. cv.
“Banarasi”) grown in the presence of Cr(VI)
showed more accumulation of Cr in the
roots than in leaves and stem showed the
least accumulation (Gopal et al., 2009).
Also, in celery seedlings grown in the
presence of C(I11) most Cr was accumulated
in roots (Scoccianti et al., 2006). These
results may conclude that Cr is mainly
accumulated in roots, followed by stems and
leaves;, however only small amounts of Cr
are trandocated to leaves. This pattern
seems independent of the form of Cr tested.
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Chromium toxicity in plants
Growth and development

Plant growth and development are essential
processes of life and propagation of the
gpecies. They are continuous and mainly
depend on externa resources present in soil
and air. Growth is chiefly expressed as a
function of genotype and environment,
which consists of external growth factors
and internal growth factors. Presence of Cr
in the external environment leads to changes
in the growth and development pattern of
the plant.

Germination

Since seed germination is the first
physiological processaffected by Cr, the
ability of a seed to germinate in a medium
containing Cr would be indicative of its
level of tolerance to this metal (Peraltaet a.,
2001). Seed germination of the weed
Echinochloa colona was reduced to 25%
with 200 AMCr (Rout et a., 2000). High
levels (500 ppm) of hexavalent Cr in soil
reduced germination up to 48% in the bush
bean Phaseolus vulgaris (Parr and Taylor,
1982). Perdta et a. (2001) found that 40
ppm of Cr (VI) reduced by 23% the ability
of seeds of lucerne (Medicago sativa cv.
Malone) to germinate and grow in the
contaminated medium. Reductions of 32—
57% in sugarcane bud germination were
observed with 20 and 80 ppm Cir,
respectively (Jain et a., 2000). The reduced
germination of seeds under Cr stress could
be a depressive effect of Cr on the activity
of amylases and on the subsequent transport
of sugars to the embryo axes (Zeid, 2001).
Protease activity, on the other hand,
increases with the Cr treatment, which could
aso contribute to the reduction in
germination of Cr-treated seeds (Zeid,
2001).
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Root growth

Besides germination, also root growth is
frequently affected by heavy metals. Peralta
and coworkers (Peralta et al., 2001) showed
that 5 mg L—1 of Cr(VI) increased root
growth comparatively to the control, and at
higher doses (20 and 40 mg L—1) there was
a dose-inhibition effect. Cr(VI) In
concentrations up to 200 mg L—1 decreased
growth of paddy (Oriza sativa L.)
(Sundaramurthi et a., 2010). Sensitive
mungbean cultivars also showed decreased
root growth when exposed to Cr(VI) (Rout
et a., 1997). Samantary (Samantary, 2002)
found that there was no root elongation in
mungbean exposed to Cr(VI) concentrations
between 96 and 1928 uM, but in lower
concentrations, sensitive cultivars showed
root elongation similar to the control. Also,
development of lateral roots and root
number was aso affected by Cr exposure
(Samantary, 2002). Moreover, roots of Zea
mays L. treated with Cr(VI) were shorter
and brownish and presented less less number
of roots hairs.

Shoot growth

Adverse effects of Cr on plant height and
shoot growth have been reported (Rout et
a., 1997). When Cr was added at 2, 10 and
25 ppm to nutrient solutions in sand cultures
in oats, Anderson et a. (1972) observed
11%, 22% and 41% reduction in plant
height, respectively, over control. Reduction
in plant height due to Cr (V1) on Curcumas
sativus, Lactuca sativa and Panicum
miliaceum was reported by Joseph et al.
(1995). Barton et a. (2000) observed that
Cr(111) addition inhibited shoot growth in
lucerne cultures. Sharma and Sharma (1993)
reported that after 32 and 96 days, plant
height reduced significantly in wheat cv. UP
2003 in a glasshouse tria when sown in
sand with 0.5 AM sodium dichromate. There
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was a significant reduction in plant height in
Sinapsis alba when Cr was given at the rates
of 200 or 400 mg kg_1 soil along with N, P,
K and S fertilizers (Hanus and Tomas,
1993). The reduction in plant height might
be mainly due to the reduced root growth
and consequent lesser nutrients and water
transport to the above parts of the plant. In
addition to this, Cr transport to the aeria
part of the plant can have a direct impact on
cellular metabolism of shoots contributing to
the reduction in plant height.

L eaf growth

Leaf growth, area development and total |eaf
number decisively determine the yield of
crops (Table 3). Leaf number per plant
reduced by 50% in wheat when 0.5 mM Cr
was added in nutrient solution (Sharma and
Sharma, 1993). Tripathi et al. (1999) found
that leaf area and biomass of Albizia lebbek
seedlings was severely affected by a high
concentration (200 ppm) of Cr(VI). These
authors noted that leaf growth traits might
serve as suitable bioindicators of heavy
metal pollution and in the selection of
resistant species.

Primary and trifoliate leaves of bush bean
plants grown in 1-10 Ag cm_3 Cr showed a
marked decrease in leaf area; trifoliate
leaves were more affected by Cr than the
primary leaves (Barcelo et al., 1985). Dry
leaf yield of bush bean plants was found to
decrease up to 45% when 100 ppm of
Cr(VI) was added to soil (Wallace et a.,
1976). Karunya et a. (1994) studied the
effect of tannery effluent on leaf area and
biomass and reported that al the
concentrations tested decreased |eaf area and
leaf dry weight in Oryza sativa, Acacia
holosericea and Leucaena leucocephala.

In astudy on the effect of Cr(I11) and Cr(V1)
on spinach, Singh (2001) reported that Cr
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applied a 60 mg kg_1 and higher levels
reduced the leaf size, caused burning of |eaf
tips or margin and slowed leaf growth rate.
Jain et a. (2000) observed leaf chlorosis at
40 ppm Cr that turned to necrosis at 80 ppm
Cr. In a study with several heavy metals,
Pedreno et a. (1997) found that Cr had a
pronounced effect on leaf growth and
preferentially affected young leaves in
tomato plants. Reduction in leaf biomass
was correlated with the oxalate acid
extractable Cr in P. wvulgaris by
Poschenrieder et al. (1993).

Total dry weight production

The first prerequisite for higher yields in
plants is an increase in biomass production
in terms of dry matter. Carbon compounds
account for 80-90% of the total dry matter
produced by plants. Higher source size and
increased photosynthetic process was found
to be the basis for the building up of organic
substances and dry matter production under
heavy-metal stress in general and Cr in
particular (Bishnoi et al., 1993a,b).

In a study conducted on Vallisneria spiralis
to evaluate the Cr accumulation and toxicity
in relation to biomass production, it was
found that dry matter production was
severely affected by Cr(VI) concentrations
above 25 Ag mL_1 in nutrient medium
(Vapayeeet a., 2001).

Yield

Plant yield is dependent on leaf growth, leaf
area, and number. As Cr affects most of the
biochemical and physiological process in
plants, productivity and yield are aso
affected. Cr (VI) in irrigation water
decreased significantly grain weight and
yield (kg ha—1) of paddy (Oriza sativa) up
to 80% wunder 200 mg L-1 of Cr
(Sundaramurthi et a., 2010).
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Physiological processes
Photosynthesis

Chromium stress is one of the important
factors that affect photosynthesis in terms of
CcO2 fixation, electron transport,
photophosphorylation and enzyme activities
(Clijsters and Van Assche, 1985). In higher
plants and trees, the effect of Cr on
photosynthesis is well documented (Foy et
a., 1978). However, it is not well
understood to what extent Crinduced
inhibition of photosynthesis is due to
disorganization of chloroplasts ultrastructure
(Vazques et d., 1987), inhibition of electron
transport or the influence of Cr on the
enzymes of the Calvin cycle. Chromate is
used as a Hill reagent by isolated chloroplast
(Desmet et al., 1975). The more pronounced
effect of Cr(VI) on PS | than on PS Il
activity in isolated chloroplasts has been
reported by Bishnoi et a. (1993a,b) in peas.
Nevertheless, in whole plants, both the
photosystems were affected. Zeid (2001)
observed in peas that Cr at the highest
concentration tested (10 2 M) decreased

photosynthesis drastically. Krupa and
Baszynski  (1995) explained  some
hypotheses concerning the  possible

mechanisms of heavy-metals toxicity on
photosynthesis and presented a list of key
enzymes of photosynthetic carbon reduction,
which were inhibited in heavy-metal treated
plants (mainly cereal and legume crops).

Water relations

Wilting of various crops and plant species
due to Cr toxicity has been reported (Turner
and Rust, 1971), but little information is
available on the exact effect of Cr on water
relations of higher plants. Barcelo et al.
(1985) observed a decrease in leaf water
potential in Cr treated bean plants. Excess
Cr decreased the water potential and
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transpiration rates and increased diffusive
resistance and relative water content in
leaves of cauliflower (Chatterjee and
Chatterjee, 2000). Decreased turgor and
plasmolysis was observed in epiderma and
cortical cells of bush bean plants exposed to
Cr (Vazques et al., 1987). Toxic levels of Cr
in beans were found to decrease tracheary
vessel diameter, thereby  reducing
longitudinal water movement (Vazques et
a., 1987). Impaired spatial distribution and
reduced root surface of Cr-stressed plants
can lower the capacity of plants to explore
the soil surface for water. The significantly
higher toxic effect of Cr(V1) in declining the
stomatal conductance could be due to the
high oxidative potential of Cr(VI), which in
turn may be instrumental in damaging the
cells and membrane of stomatal guard cells.

Mineral nutrition

Chromium, due to its structural similarity
with some essential elements, can affect
mineral nutrition of plants in a complex
way. Interactions of Cr with uptake and
accumulation of other inorganic nutrients
have received maximum attention by
researchers. Cr(111) and Cr(V1) are taken up
by the plants by different mechanisms
(Zaccheo et al., 1985). It has been suggested
that both species can interfere with uptake of
severa other ionically similar elements like
Fe and S (Skeffington et al., 1976). Nutrient
solution with 9.6 AM Cr(VI) decreased the
uptake of K, Mg, P, Fe and Mn in roots of
soybean (Turner and Rust, 1971). Excess Cr
interfered with the uptake of Fe, Mo, P and
N (Adriano, 1986). Barcelo et al. (1985)
described the inhibition of P, K, Zn, Cu and
Fe trandlocation within the plant parts when
bean plants were exposed to Cr in nutrient
solutions. Sujatha et a. (1996) reported that
tannery  effluent  irrigation  caused
micronutrient  deficiencies in  severd
agricultural crops.
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Enzyme and other compounds
Nitratereductase

Nitrate reductase (NR) activity of leaves was
significantly increased over control values
and negatively correlated with root and
shoot length, leaf area and biomass of the
plants, indicating stress due to Cr(VI) in A.
lebbek (Tripathi et a., 1999). Cr
concentrations up to 200 AM resulted in
significant inhibition of NR activity in
Nelumbo nucifera (Vajpayee et a., 1999)
and Nymphaea alba (Vajpayee et a., 2000).
Seedlings treated with 1 AM Cr resulted in
increased NR activity, whereas higher Cr
concentrations were toxic and reduced the
enzyme activity significantly in  wheat
(Panda and Patra, 2000).

Root Fe (111) reductase

Chlorosis induced by heavy metals has been
generaly correlated with low plant Fe
content, suggesting effects on Fe
mobilisation and uptake. Under Fe-deficient
conditions, dicotyledonous plants enhanced
root Fe(lll) reductase activity, thus
increasing the capacity to reduce Fe(lll) to
Fe(ll), the form in which roots absorb Fe
(Alcantara et al., 1994). Cr is reported to
affect Fe uptake in dicots either by
inhibiting reduction of Fe(l11) to Fe(ll) or by
competing with Fe(ll) a the site of
absorption (Shanker, 2004).

Chromium application to iron-deficient
Plantago lanceolata roots increased the
activity of root-associated Fe(Il1) reductase.
This effect was evident only with acceptors
of the turbo reductase and was not observed
in iron-sufficient plants (Wolfgang, 1996).
In split-root experiments, which allowed
only a part of the root system to receive Cr
while the other portion was grown in iron-
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free medium, roots subjected to either
treatment showed an intermediate FEEDTA
reductase activity with respect to non-split
control plants (Wolfgang, 1996). The
addition of Cr (ll1l) a 2 AM dightly
inhibited ferric chelate reductase in roots of
plants grown under ironlimited conditions;
Cr (1) a 10 AM stimulated ferric chelate
reductase in roots from both iron-limited and
iron-sufficient media (Barton et al., 2000).

Plasma membraneH" AT Pase

ATPase plays a significant role in the
adaptation to heavy-metal conditions and it
is regulated a the molecular and
biochemical level (Dietz et a., 2001). A
toxic effect of Cr on the transport activities
of plant cell plasma membrane was
suggested by Zaccheo et a. (1982). After a
short-term exposure to 2 AM Cr(VI), a
strong inhibition of both H+ and K+ uptake
in maize root segments was observed, while
the transmembrane electric potential was
unchanged (Zaccheo et a., 1985). Pillay
(1994) found that ATPase activity increased
at higher treatment concentrations in a study
on the effects of soil Cr treatment on
different metabolites and certain enzymes of
Helianthus suaveolens and Helianthus annus
leaves.

The inhibition of ATPase activity could be
due to disruption of the membrane because
of free radical formation. The decrease in
ATPase activity causes a decrease in proton
extrusion. This in turn could cause a
decrease in the transport activities of the
root plasma membrane, thus reducing the
uptake of most nutrient elements. It is also
possible that Cr interfered with the
mechanism controlling the intracellular pH;
this possibility is supported by the fact that
Cr could be reduced in the cells thereby
utilizing the protons (Zaccheo et al., 1985).
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Antioxidant enzymes

Induction and activation of superoxide
dismutase (SOD) and of antioxidant catalase
are some of the mgor metal detoxification
mechanisms in plants (Prasad, 1998).
Gwozdz et a. (1997) found that at lower
heavy metal concentrations, activity of
antioxidant enzymes increased, whereas at
higher concentrations, the SOD activity did
not increase further and catalase activity
decreased. Pea plants exposed to
environmentally relevant (20 AM) and acute
(200 AM) concentrations of Cr(VI) for 7
days affected total SOD activity of root
mitochondria differently. At 20 AM Cr(V1),
SOD activity was found to increase by 29%,
whereas 200 AM  Cr(VI) produced a
significant inhibition (Dixit et al., 2002). A
decline in the specific activity of catalase
with increase in Cr concentration from 20 to
80 ppm was observed (Jain et a., 2000).
Excess of Cr (0.5 mM) restricted the activity
of catalase in leaves of cauliflower
(Chatterjee and Chatterjee, 2000). H202
levels increased in both roots and leaves of
sorghum treated with either 50 AM Cr(VI)
or 100 AM Cr(lll). A similar increase in
lipid  peroxidation, in terms  of
malondialdehyde formation, was observed
with these treatments.

Plants with potantial of phytoremediation
of Cr contamination

Literature survey shows that very few
workers  have reported ameliorative
measures for Cr toxicity in crop plants. This
is largely due the reason that most of the
research has been focused on enhancing
phytoaccumulation of Cr by plants and trees
for its use in phytoremediation. Impaired
mineral nutrition due to Cr toxicity has been
corrected by the application of mycorrhizal
inoculation. Khan (2001) reported the
potential of mycorrhizae in protecting tree
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species Populus euroamericana, Acacia
arabica and Dalbergia sisso against the
harmful effects of heavy meta and
phytoremediation of Cr contamination in
tannery effluent-polluted soils. Shanker et
al. (in press) have reported the possible use
of Albizia amara as a potentiad Cr
phytoaccumulator.  Karagiannidis  and
Hadjisavva Zinoviadi (1998) studied the
effect of the vesicular arbuscular
mycorrhizal  fungus (VAMF) Glomus
mosseae on growth, yield and nutrient
uptake of durum wheat and reported that
VAMF enhanced yield in wheat and
simultaneously decreased the Cr content in
the plant. In a study on the effects of Cr on
the uptake and distribution of micronutrients
(Fe, Mn, Cu and Zn) in mycorrhizal soybean
and maize in sand culture, Davies et al.
(2001) found that VAMF enhanced the
ability of sunflower plants to tolerate Cr;
similarly, Davies et a. (2002) reported that
VAMF had a positive effect on tissue
mineral concentration, growth and gas
exchange in Cr-treated plant

Concluded remark

This paper includes an overview of the
literature about Cr toxicity in the
environment, especialy in water and soil
and provides new insights about Cr toxicity
in plants. Cr exists mainly in three oxidative
states Cr (0), Cr (111), and Cr (VI1), which are
the most stable forms of Cr. As Cr (0) isthe
metallic form, the forms of Cr (I11) and Cr
(V1) are the most preponderant in soils and
water. Once in water/soil, Cr suffers a
variety of transformations such as oxidation,
reduction, sorption, desorption,
precipitation, and dissolution. While Cr (l11)
solubility is dependent on pH, Cr (VI) is
extremely soluble under all pH conditions.
Cr as being a nonessential element for plants
does not have any specific mechanism for its
uptake. Cr (111) uptake is a passive process,
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whereas Cr (V1) uptake is performed by
carriers of essential elements such as
sulphate. Cr accumulates mainly on plant
roots, being translocated to shoots in small
levels, independently of Cr specie. Despite
known toxicity of Cr to plants, there are
severa plants that hyper accumulate this
metal contributing to its removal from
soil/water, showing good potentia for
application in  Cr  phytoremediation
strategies. Cr affects several processes in
plants, namely, seed germination, growth,
yield and aso physiological processes as
photosynthesis impairment and nutrient and
oxidative imbalances. Also, it has been
shown that Cr is able to induce genotoxicity
in several plant species.
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