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Abstract In this investigation, the effect of the
heavy metal chromium (Cr) on hypocoty! elongation
of Phaseolus vulgaris seedlingsin light was studied.
The seedlings were subjected to two concentrations
of Cr (0.5 and 1.0 mM) in the form of K,Cr,0;.
Hypocotyl elongation (growth) was measured in
termsof length. Changein wall components (pectic
polysaccharides and xyloglucan) and peroxidase
activity (soluble and bound) were also studied. Both
concentrations of Cr inhibited hypocotyl length and
aclear concentration effect was observed. Maximum
pectic polysaccharide content was observed at ahigh
concentration of Cr and a minimum was observed
in the distilled water control. A clear inverse
correlation was observed, supporting the conclusion
that pectic polysaccharides may be involved in cell
wall loosening. Even xyloglucan (high and low)
content showed a clear inverse correlation with
hypocotyl length. It appears that Cr inhibits
hypocoty! elongation and xyloglucan and pectic
polysaccharide contents are not degraded to smaller
oligosaccharides as they occur more in seedlings
treated with Cr compared to seedlings treated with
distilled water. Further soluble and bound peroxidase
activity was assayed with four hydrogen donors—
ferulic acid, caffeic acid, pyrocatechol, and
pyrogallol during the initial phase of hypocoty!
elongation. A clear inverse correlation between
length and peroxidase activity was observed. All
hydrogen donors showed a clear concentration
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effect, specificity, and variation, and maximum
activity occurred with caffeic acid. The role of
peroxidase in the defense mechanism in response to
Cr toxicity is discussed.
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INTRODUCTION

Heavy metals are considered to be an important class
of elements and cause of environmental pollution.
The exposure of humans, animals, and plants to
heavy metals is inevitable and remains a global
environmental problem. Some heavy metals such as
copper, iron, and zinc are essential nutritional
elements whereas others such as mercury, lead,
chromium (Cr), and cadmium are not essential for
nutrition and are considered to betoxic metals. Plants
are subjected to many stress factors in the natural
environment as well as many man-made stresses.
Metals are ubiquitous and they can be absorbed from
the soil and the atmosphere, accumulatein the organs
of plants and show their phytotoxic effects. Heavy
metals are stable compounds that are not readily
removed by oxidation, precipitation, or other
processes. Heavy metals are now known to cause
irreversible damage to a number of vital metabolic
constituents and important biomolecules.

Different heavy metals have been found to affect
the biosystem differently, resulting in adiversity of
toxic symptoms. Moreover, the toxicity sequence
varies not only among different plant groups but also
among different plants of the same group. Growth
inhibition, breakdown of enzymatic activity and cell
wall elasticity, and inhibition of chlorophyll
production are some of the important toxic effects
of heavy metals. Inhibitory effects of heavy metals
on plant growth and physiological processes have
also been reported (Kalimuthu & Sivasubramanim
1991). In most instances toxicity symptoms
exhibited are attributed to a disruption in the
metabolic pathway sensitiveto that particular metal.
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Chromium is used in dyeing, tanning, and as a
refractory material. Pollution by Cr and its
compounds occur primarily from these industrial
processes and product use. Cr is present in soil as
chromic (Cr 111) or chromate (Cr VI) ions (Shewry
& Peterson 1976). Cr |11 could be readily oxidised
to Cr VI (Bartlett & James 1979) in soils, because
of presence of oxidised manganese which servesas
the electron acceptor in the reaction. Cr VI is more
toxicto plantsthan Cr I11; Cr VI isstablefor several
months and can be leached from the soil (Khasim et
al. 1989).

Plant growth and development is a complex
process that requires the participation of many
biochemical circuits. Plant cell walls play an
important role in mediating physiological eventsin
plant development and are specificaly involved in
the mechanism of cell elongation. Plant cell walls
are the dominant determinant of tissue mechanical
properties and play major rolesin the devel opment
of cellular structure during growth. The cell wall is
a highly dynamic structure, not only important for
growth and development but also for cell-to-cell
communication and transport processes (Whitney et
al. 1999).

The primary cell walls contain cellulose,
xyloglucan, and pectin that are required for both
inherent strength and the ability to respond to cell
expansion. Plant cell enlargement occurs asaresult
of the force of water suction, which is derived from
the osmotic pressure of cell solutes. Water suction
occurs as a result of wall loosening. Many studies
have demonstrated that an extensive turnover of cell
wall polysaccharides occur during cell growth in
higher plants. Auxin-induced elongation of plant
organsis primarily triggered by cell wall loosening
(Sakurai 1991) which appears as a result of
biochemical modification of certain components of
the cell wall.

Xyloglucans are the principal matrix
polysaccharides of the primary cell walls. They
possess a1,4-B glucan backbone with 1,6 o-xylosyl
residues attached to the 6-position of 3-glucosyl
residues. Species-specific differences occur
according to the distribution of additional branching
galactosyl or fucosyl-galactosyl residues. The
important role of the breakdown of xyloglucansin
the cell wall loosening induced by auxin has been
confirmed with xyloglucan specific antibodies and
lectins (Hoson et al. 1991). Nevertheless, the process
of xyloglucan breakdown still remains unclear.

Peroxidases are heme-containing enzymes (EC
1.11.1.7) ubiquitous in the plant kingdom and
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belong to a superfamily which comprises: Class |
enzymes from mitochondria, chloroplasts, and
bacteria; Class Il from fungi; and Class Il
“classical” plant peroxidases (Boesewinkel &
Bouman 1995). Plant peroxidases have been
detected in vacuoles, tonoplast, and plasmalemma
as well as inside cell walls. Plant peroxidases are
glycoproteins characterised by the presence of
oligosaccharide chains linked to the protein moiety
and having effects on the stability of the enzyme
(Egley et a. 1983).

Peroxidases have been implicated in numerous
biochemical processes such as lignification
(Lagrimini et a. 1987), suberisation (Espelie et al.
1986), cross linking of hydroxyproline-rich wall
proteins and feruloylated polysaccharides (Fry
1986), both oxidation and polymerisation of soluble
phenolics (Srivastava & van Huystee 1977), the
formation of H,O, (Mader et a. 1980), chlorophyll
degradation and senescence (Y amauchi & Watada
1991), and auxin degradation (Jinnman & Lang
1965). One of its main functions is connected with
itsrole as a part of the defense enzyme complex in
the cells, ensuring the detoxification of the activated
O, forms. This function is very important in the
formation of the metabolic response of plants to
different stress factors (Bakardjieva et al. 1996).
Peroxidase induction isageneral response of higher
plants to uptake toxic amounts of heavy metals
(Shaw 1995).

Itisalsowell known that peroxidase activities can
be fractionated into alarge number of isozymes, the
precise role of which is still uncertain. Assays for
substrate specificity are often used to specify the
respective function of the different isoperoxidases.
The wall extensibility in plant cells is highly
dependent on the nature and the number of cross
links between matrix polymers. Peroxidases might
decrease cell wall plasticity by cross-linking extensin
molecul esthrough the formation of intracovalent or
intercovalent bonds between tyrosine residues to
formisodityrosine. Further, covaent crosslinks may
originate by the action of wall bound peroxidaseson
pectins or hemicelluloses via the formation of a
diferulate bridge between ferulate residues
(Johansson et al. 1992). Both the ability to modify
cell wall structure and composition and to oxidise
indole-3-acetic acid (IAA), explain why these
enzymes have been considered to be implicated in
plant growth and devel opment.

Despite alarge number of reports detailing plant
responsesto heavy metal toxicity, the mechanism(s)
of plant tolerance to heavy metals are not properly
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understood. Furthermore, the number of industries
and occupations using and/or generating metal
products are increasing the incidence of metal
toxicity and will continue to make it critical to
understand the effects and mechanism(s) by which
these metals may act in modifying plant growth and
development.

Considering the above, the effect of Cr was
studied on two aspects of elongation growth of
Phaseolus hypocotyls: (1) changes in cell wall
polysaccharides; and (2) changes in the IAA
oxidising system.

MATERIALS AND METHODS

Seedsof P. vulgaris were soaked in tap water for 3 h.
They were then thoroughly washed with tap water
followed by 34 rinses with distilled water. Then
they were transferred to moistened filter paper for
germination in the dark for 24 h. Uniformly
germinated seeds were transferred to sieve culture
dishes containing nutrient media (Doddemma &
Telkamp 1979) and distilled water. Some dishes
were kept as controls and the others were exposed
to two different concentrations of Cr (0.5 mM
(Treatment 1) and 1.0 mM (Treatment 2)) given in
theform of K,Cr,O,. Abovethisconcentration of Cr,
the seedlings did not survive. The sieve culture
dishes were placed in alight room (c. 200 mM m2
s1) with six fluorescent tubes at 0.5 m height. The
time when sieve culture dishes were transferred to
thelight room was considered as O h. After 12 h, the
hypocotylswere demarcated into two segmentswith
India Ink. The segment near to the root was
designated asthe “lower” segment whereas the one
near to the cotyledon was designated as the “ upper”
segment.

Growth analysis

At aninterval of 8 h (initially) or 24 h (later on), 20
seedlings from each treatment were selected for
growth analysis. The hypocotylswere cut into their
respective segments, their lengths were measured to
the nearest millimetre and fresh weightstaken. Inthe
present work, the lower segments did not show any
growth in any treatment or hour in the presence or
absence of Cr. Therefore, data for only the upper
segment are presented; and “hypocotyl” referstothe
upper segment only. Similar results were also
reported in our earlier work (Bagatharia & Chanda
1998).
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Biochemical analysis

For the estimation of cell wall polysaccharides, the
required number of hypocotylswerekilled by boiling
in methanol for 5 min and then stored in methanol
until the time of analysis. For estimation of
peroxidase activity, the required number of
hypocotyls were chilled and used for biochemical
analysis.

Extraction of pectic polysaccharides

The hypocotyls (c. 500 mg) boiled in methanol were
crushed in ice-cold water with a pinch of sterilised
sand and centrifuged at 10 000g for 5 min. The
supernatant, containing cytoplasmic enzymes, was
discarded. The pellet waswashed many times (nearly
12-15 times) with distilled water until it was free of
cytoplasmic enzymes. After the pellet was washed,
10 ml of 1M NaCl wasadded for 1 hto removewall-
bound enzymes. This was done twice. After
centrifugation, the supernatant was discarded and the
pellet was washed successively with ice-cold water,
acetone and chloroform-methanol mixture (1:1 v/v).
This was also done twice before the pellet was air
dried at room temperature. The dried pellet was
treated with 15 ml of dimethyl sulfoxide for 12 h.
Thistreatment dissolved starch; and it also resulted
in morefacile extraction of pectic substances (Wada
& Ray 1978). After removing dimethyl sulfoxide by
centrifugation, the pellet was extracted 3 timeswith
20 mM ammonium oxalate-oxalic acid buffer
solution (pH 4) at 70°C for 1 h to remove pectic
polysaccharides. The supernatant of all the three
washes was collected together, mixed, and the vol-
ume was made up to 20 ml. This was the source of
pectic polysaccharides (Nishitani & Masuda 1981).

Extraction of xyloglucan

The hemicellulosic xyloglucanswere fractioned into
low and high molecular weight xyloglucans. The
pectin-free wall pellet was extracted twice with 4%
KOH solution (2 h each time) to obtain low
molecular weight xyloglucans. Theresidue wasthen
extracted with 24% KOH solution (for 24 h) to
obtain high molecular weight xyloglucans. Each
alkali extract was acidified (pH 5) with 5% and 33%
acetic acid respectively. The acidification caused no
precipitation of hemicellulosic polysaccharides.

Determination of total polysaccharides

and xyloglucan content

The total polysaccharide contents in the pectic
fraction was determined by the phenol sulfuric acid
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Fig. 1 Effect of different concentrations of chromium
on: A, hypocotyl length; and B, pectic polysaccharide
content in Phaseolus vulgaris seedlings. (A, distilled water
control; O, Treatment 1—0.5 mM and @, Treatment 2—
1.0 mM. Vertical bars represent + standard deviation.)

method (Dubois et al. 1956) and expressed as
AA 4909 fresh weight=. 0.5 ml of the extract was
mixed with 0.5 ml of 5% phenol and 2.5 ml of 98%
sulfuric acid with constant stirring. After 10 min, the
tubeswere placed on awater bath at 30°C for 20 min.
Theyellow-orange colour developed wasread at 490
nm. The xyloglucan contents were determined by
iodine staining by the modified method of Kooiman
(1960). 1.0 ml of acidified extract was mixed with
0.25 ml of 1,KI solution (0.5% I, and 1% KIl). The
reaction mixture was then kept in the dark for 1 h at
4°C. The bluish-green colour developed wasread at
640 nm.
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Extraction of soluble and bound enzyme

The hypocotyls were homogenised in a pre-chilled
mortar and pestle with a pinch of sand in K-
phosphate buffer (0.02 M, pH 6.4). The mixturewas
centrifuged at 10 000g for 10 min. The supernatant
was used for estimating soluble peroxidase activity.
The residual wall material, after the extraction of
soluble cytoplasmic enzymes, was thoroughly
washed with distilled water and centrifuged until the
washings were free of the peroxidase reaction with
guaiacol. Thewall fraction wasthen kept with 10 ml
of 1M NaCl for 1 h at room temperature with regular
shaking to release bound (ionically) enzymes. After
centrifugation at 10 000g for 10 min, the supernatant
served as a source of bound enzyme.

Biochemical peroxidase assay

Peroxidase activity was measured by recording
changes in absorbance at 400 nm (AA ). The
various hydrogen donors used were ferulic acid,
caffeic acid, pyrocatechol, and pyrogallol. The
brown colour that developed as a result of the
oxidation of different hydrogen donors in the
presence of H,O, was spectrophotometrically
measured. The assay mixture consisted of 12 mM K-
phosphate buffer (pH 6.4), 4 mM hydrogen donors,
enzyme, and 1 mM H,0,. The activity is expressed
as AA 40 g fresh weight=2 min2.

RESULTS AND DISCUSSION

Addition of heavy metal salts to the plant growth
medium or assay medium caused a continuous and
concentration-dependent decrease in growth and
biochemical activities. However, the decrease was
greater when the heavy metal saltswere added to the
growth medium. Hence, in the present work, the
heavy metal salt (Cr) was added to the growth
medium. It is now well recognised that, when the
metal concentration surpasses a characteristic value
for any species, the organism will enter into atoxic
situation that produces a wide range of effects and
responses at al levels.

Changesin hypocoty! length under the influence
of the presence or absence of Cr are shown in Fig.
1A. A cubic polynomia was the best fit and hence
in al the three treatments a cubic polynomia was
fitted (R? > 0.96). In distilled water, the hypocotyls
dowly started increasing in length until 24 h and then
sharply increased until 60 h, after which time the
length almost stabilised. A similar effect was
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observed in both the Cr treatments. A clear
concentration effect was observed at all hours of
growth. At all times Treatment 2 had minimum
length and maximum inhibition was at 96 h. In
Treatment 1, the length showed a slight increasing
trend up to 60 h after which it stabilised whereasin
Treatment 2, it increased very slightly upto 60 hand
then stabilised.

The two principal material requirements for
primary walls are a high intrinsic strength and the
ability to accommodate cellular expansion during
active growth (Mcqueen-Mason 1997). However,
despite alarge number of studies describing metal
cytotoxicity, the molecular mechanismsinvolved are
still poorly understood. It is now evident that heavy
metals can interact with enzyme functional groups
and proteins involved in various biochemical
functions. Impairment of the ability of cells to
adequately respond to the stimulation by hormones
and growth factors may result in theloss of important
cell functions.

The plant cell wall is a strong fibrillar network
that provides each cell with its stable shape. To
enlarge, cells selectively loosen this network,
enabling it to yield to the expansive forces generated
by cell turgor pressure. Primary plant cell walls are
composed of a number of structurally complex
polysaccharides, including hemicelluloses (xylo-
glucan) and pectin (rhamnogalacturonans | and I1).
Pectin is suggested to play amajor rolein cell wall
architecture and mechanical properties, cell wall
porosity, cation acquition, etc (Cosgrove 2001).

Changes in pectic polysaccharides are shown in
Fig. 1B. Maximum pectic polysccharide content was
found in Treatment 2 followed by Treatment 1 and
aminimum was found in the distilled water control
hypocotyls. Initialy, in al the three treatments, the
pectic polysaccharide content was high and steadily
decreased with the advancement in the age;
minimum content being at 96 h. Here also a clear
inverse correlation was observed with hypocoty!
elongation. Seedlingstreated with distilled water had
maximum length and minimum pectic polysccharide
content whereas Treatment 2 seedlings showed
minimum length and hence maximum content. In
Treatment 1 seedlings, length and content both were
in between the other two treatments.

The physiological responses of plantsfor survival
in the stressed environment are based on their ability
to express the pre-existing defense programme and/
or adaptation, in which the plants adjust to stress.
Under stress conditions, the adaptive responses are
elicited by plants mainly through changes in
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Fig. 2 Effect of different concentrations of chromium
on: A, low molecular weight xyloglucan content; and B,
high molecular weight xyloglucan content in Phaseolus
vulgaris seedlings. (A, distilled water control; O,
Treatment 1—0.5 mM and @ ,Treatment 2—1.0 mM.
Vertical bars represent + standard deviation.)

endogenous levels as well as balances of
phytohormones. The re-establishment of hormonal
equilibrium under the new environment probably
plays a central role in the survival of plants under
stress conditions (Amzallag & Lerner 1995).
However, under severe stress conditions, plants
occasionally fail to expresstheir pre-adaptation and
adaptation ability probably because of high
catabolism. In the present work, the pectic
polysaccharide content also showed an inverse
correlation with hypocotyl length, both in distilled
water and Cr treatments. Under the Cr treatment,
growth was arrested and hence had more pectic
polysaccharide content than the distilled water



120

control. Inverse correlation between pectic
polysaccharide content and growth has already been
reported in Phaseolus (Chanda et al. 1995;
Bagatharia& Chanda 1998) and thisfurther supports
the notion that pectic polysaccharides are involved
in cell wall loosening.

The cell elongation of the pea stem is promoted
by a high concentration of xyloglucan
oligosaccharides. The promotion results in a
decrease in cell wall viscoelastic properties.
Xyloglucan isdegraded into oligosaccharidesin the
growing plant cell wall and the oligosaccharides
provide either positive or negative feedback control
during cell elongation. It has been reported that an
antibody against xyloglucan prevents not only an
increase in xyloglucan degradation but also cell
elongation. Potential enzymes involved in
xyloglucan solubilisation may be expansin,
xyloglucanase, xyloglucan endotrans glycosylase,
and cellulase (Baydoun & Fry 1989). Changesinlow
molecular weight xyloglucan (Fig. 2A) and high
molecular weight xyloglucan (Fig. 2B) are shownin
Fig. 2. Thelow molecular weight xyloglucan content
was slightly higher than that of high molecular
weight xyloglucan content. Both low and high
xyloglucan content showed a clear inverse
correlation but an absolute clear trend was seen in
low molecular weight xyloglucan only. Maximum
low molecular weight xyloglucan content in al the
three treatments was initially at 8 h. The content
steadily sharply decreased until 40 h and then low
levels were maintained until 96 h. Here also
minimum levelswere at 96 h and amongst the three
treatments, minimum being in the control. In high
molecular weight xyloglucan content, the differences
between the control and treatments were more after
40 h and the difference was maintained until 96 h.

It has been proved that auxin-induced cell
enlargement accompanies xyloglucan degradation
and solubilisation. An inverse correlation between
hypocotyl elongation and xyloglucan has been
proposed (Fry 1989; Bagatharia& Chanda 1998). In
the present work also, a distinct inverse correlation
between hypocotyl elongation and xyloglucan
content isobserved. In the presence of Cr, growthis
inhibited and consequently xyloglucan content is
higher in seedlings treated with Cr compared to
seedlingstreated with distilled water. The difference
in high molecular weight xyloglucan content
between seedlings treated with distilled water and
seedlings treated with Cr was more than that of the
low molecular weight xyloglucan content and
distilled water.
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Numerous studiesindicate that multiple forms of
peroxidase exist in higher plants including
horseradish, turnip, Japanese radish, and tobacco.
Stitch & Ebermann (1988) showed that most
peroxidase isoforms from sapwood were able to
oxidise awide range of substrates. Peroxidases can
use various organic and inorganic substrates which
act as hydrogen donors, in vitro, in the presence of
H,0O,. Changes in soluble peroxidase activity with
four hydrogen donors—ferulic acid, caffeic acid,
pyrocatechol, and pyrogallol are showninFig. 3. In
all thefour hydrogen donors studied, the peroxidase
activity wasat amaximum at 24 h. It decreased with
increase in age, minimum activity being at 96 h. A
clear inverse correlation between length and
peroxidase activity was observed. With the exception
of pyrocatechol, al the other three hydrogen donors
showed a clear concentration effect of Cr toxicity.
Treatment 2 had a higher concentration of Cr and
correspondingly, maximum peroxidase activity was
observed. Incidentally, thistreatment had minimum
length. Furthermore, avery high peroxidase activity
was found when hydrogen donorswereeither caffeic
or pyrogalol. However, when ferulic or
pyrocatechol were used as hydrogen donors, amuch
lower peroxidase activity was found. Studies done
by van Huystee' sgroup suggested an inhibitory role
played by peroxidase activity on cell growth (van
Huystee & Esnault 1995).

Changesin bound peroxidase activity are shown
in Fig. 4. Initiadly, in al the four hydrogen donors
studied, the activity was less and subsequently it
increased immensely in all except in pyrocatechol.
In al the four hydrogen donors, Treatment 2 had
distinct maximum activity at all stages of growth;
maximum difference and activity being at 96 h.
Amongst all the four hydrogen donors and distilled
water, the distilled water seedlings had minimum
activity. Here a so, hydrogen donor specificity was
seen; maximum activity was with caffeic acid.

All kinds of environmental stresses induced the
formation of H,O,, whichisavery harmful molecule
for the cell. One of the main functions of peroxidase
isitsrole as a part of the defense enzyme complex,
ensuring the detoxification of the activated O, forms.
Peroxidase induction isageneral response of higher
plantsto uptake of toxic amounts of metals (Stroinski
1994). The expression of distinct peroxidase
isozymesis specific to particular organs, tissues, or
cell types. The profile of isozymes and the total
amount of activity intheleaf may bevastly different
from that in stem or flower of the same plant. This
differential expression of peroxidase isozymes is
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Fig.3 Changesin soluble peroxidase activity with four hydrogen donors: A, ferulic acid; B, pyrocatechol; C, caffeic
acid; and D, pyrogallol in Phaseolus vulgaris seedlings. (A, distilled water control; O, Treatment 1—0.5 mM and
@ , Treatment 2—1.0 mM. Vertical bars represent + standard deviation.)

possible because these enzymes are typically
represented by large gene families in most plant
species (Welinder et al. 1996). The presence of
severd active siteswould explain the great molecular
diversity of the compounds which can be oxidised
by isoperoxidases as well as the lack of specificity
of the various isozymes, at least, in vitro (Stitch &
Ebermann 1988). Bakardjieva et al. (1996) also
suggested a polyfunctionality of peroxidase. Usually,
peroxidases are separated into two distinct groups,
cationic and anionic, according to the el ectrophoretic
data. Aninhibitory effect of anionic peroxidase was

observed with stress mediating compounds,
suggesting a direct involvement of the anionic
peroxidasein host plant defensereactions. A rolein
defense processes has also been suggested for a
cationic isozyme from horseradish plants. However
inthepresentwork in P. vulgaris, the response seems
to be a result from the co-ordinated expression of
both anionic and cathodic isoperoxidases. Similar
results were reported in other crop plants.

It appears from this study that peroxidases have
other functions besides lignification and cell wall
biosynthesis. In this stress condition caused by a
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Fig.4 Changesin bound peroxidase activity with four hydrogen donors: A, ferulic acid; B, pyrocatechol; C, caffeic
acid; and D, pyrogallol in Phaseolus vulgaris seedlings. (A, distilled water control; O, Treatment 1—0.5mM and @,
Treatment 2—1.0 mM. Vertical bars represent + standard deviation.)

heavy metal, the enzyme may provide a degree of
selective advantage in defense or disease resistance
and play arole in regulating seed germination or
modify the micro-environment of the developing
seed. It appears that peroxidase activity provides
resistanceto the plants against the formation of H,O,
in response to heavy metal Cr toxicity. They also
protect cellsagainst harmful concentration of hydro-
peroxides. Similar results are reported in coniferous
trees(Scalet et al. 1995). Peroxidases also protect the
cell membrane against active oxidants and enable

plantsto beresistant to heavy metal stressfactorsas
reported to other stress factors (Edrevaet a. 1993).

Chromium affected hypocotyl elongation of
Phaseolus seedlings. A higher concentration of Cr
caused maximum inhibition and hence had more
pectic polysaccharide and xyloglucan contents. Once
again, this proves the earlier conclusion that
degradation of wall componentsisinvolved in cell
wall loosening which in turn is responsible for
hypocotyl elongation. Further, Cr toxicity induced
peroxidase activity, may be as adefense mechanism.
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