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Chromium-induced alterations in photosynthesis and

associated attributes in Indian mustard
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Abstract

Contamination of soil and water by chromium (Cr) is increasing enormously due to anthropogenic activities. The

potential of plants to accumulate or stabilize Cr compounds for the purpose of remediation of Cr contamination has

been recognized in recent years. We conducted pot experiments to study photosynthesis and associated

attributes in cv Pusa Jai Kisan of Indian mustard under natural as well as Cr-loaded environmental conditions.

High doses of Cr caused toxic effects in plants, as evident by a reduction in photosynthetic rate (24.3 to 8.7

µmol CO
2 
m-2 s-1 at 80 DAS), nitrate reductase activity (3.76 to 1.30 µmol nitrite g-1 f. wt. h-1 at 80 DAS) and

the contents of chlorophyll (1.49 to 0.86 mg g-1 f. wt. at 80 DAS) and soluble protein (2.96 to 1.93 mg g-1 f. wt.

at 80 DAS). Since plants lack a specific Cr-transport system, mineral nutrient contents also changed due to Cr

toxicity. Cr accumulation in different plant parts was affected by both duration and dose of Cr treatments, with a

maximal localization of Cr in roots (up to 0.77 mg g-1 d. wt) at initial stages (40 DAS) and in stem (up to 4.19

mg g-1 d. wt) at the later stage (80 DAS) of plant growth. Thus, Indian mustard was able to withstand Cr stress

and protect itself from Cr toxicity by altering various metabolic processes. Owing to its ability to accumulate large

amounts of Cr, it may be useful in the process of land reclamation.
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Introduction

Soils are the main terrestrial sinks for metal pollutants. Many

pollutants, particularly the toxic and persistent heavy metals, affect

soil characteristics (Adriano, 2001). The soil contamination ultimately

reflects in retarded growth of plants. Thus, there is a risk of transfer

of available toxic metals to humans and animals through food chain.

These heavy metals are present in the soil as free metal ions, soluble

metal complexes (sequestered to ligands), exchangeable metal ions,

organically bound metals, precipitated compounds such as oxides,

carbonates and hydroxides, or as constituents of silicate materials,

and find their way into environment through multiple sources such as

metal smelters, industrial effluents, use of fertilizers and a variety of

pesticides. Metal effects on plants thriving on these soils become

inevitable (Edwards, 2002; Jabeen et al., 2009). Of the borderline

elements, chromium (Cr) is a highly significant pollutant discharged

by the tanning and plating industries. Tannery sludge application to

land has become a common practice in the recent years, which

alters the physico-chemical characteristics of the soil and deprives it

of its fertility. The effluents, inadvertently used by farmers for irrigation,

find their way into the food chain (Singh and Sinha, 2005). Chromium

(VI), used in electroplating operations, is highly toxic and a proven

carcinogen. Breathing high levels of hexavalent chromium can

damage and irritate nose, lungs, stomach, and intestine (ATSDR,

1993). In plants, toxic Cr concentrations inhibit growth and alter a

number of physiological and biochemical characteristics (Sharma et

al., 2003; Panda and Choudhury, 2005a). Chromium blocks the

photosynthetic electron transport, inhibits photophosphorylation and

decreases membrane integrity (Shanker et al., 2005), affects
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nitrogen and protein metabolism (Caravaca et al., 2003, 2005) and

reduces chlorophyll contents (Davies et al., 2002; Panda et al., 2003;

Choudhary and Panda, 2005; Panda and Choudhary, 2005b;

Vernay et al., 2007). Since Cr enjoys structural similarity with other

essential elements like iron (Fe) and sulphur (S), it interferes with the
uptake of these elements (Gardea-Torresdey et al., 2005), leading

to mineral imbalance. It impedes nitrogen metabolism by altering the

nitrate levels and nitrate reductase (NR) activity in plants (Caravaca

et al., 2003, 2005). Studies on toxic effects of Cr on plants have

been carried out mostly under controlled conditions and therefore,

information is scanty on physiological responses of hyperaccumulator

plants to heavy metal stress under realistic field conditions. Since

Indian mustard has been identified as a potential plant for

phytoremediation of Cr under controlled environmental conditions

(Baker and Brooks, 1989; Zhang et al., 2005, 2007; Diwan et al.,

2008, 2010a,b), it is germane to work out its behaviour under natural

field conditions. This study, investigates the Cr-induced alteration in

key metabolic processes, viz. photosynthetic rate, stomatal

conductance, Cr accumulation and the chlorophyll, nitrate and amino

acid contents, which have relevance to plant growth and development.

Materials and Methods

Seeds of Indian mustard [Brassica juncea (L.) Czern and

Coss. cv Pusa Jai Kisan] were collected from Indian Agricultural

Research Institute, New Delhi. Sowing and cultivation of plants were

carried out as described by Diwan et al. (2010a). Forty-day-old

plants were treated with five Cr concentrations in line with some

earlier works (Shanker et al., 2005). Concentrations of 100 (T1),

200 (T2), 300 (T3), 400 (T4) and 800 (T5) mg Cr kg-1 soil were

prepared by dissolving potassium dichromate (a source of Cr-VI) in

double distilled water (DDW). Sampling of plant material was done at

pre-flowering (40 DAS), flowering (60 DAS) and post-flowering (80

DAS) stages to study the various physiological and biochemical

parameters.

Chromium content: After harvesting, plant material was rinsed

thoroughly in Milli Q water, dried at 80oC for 48 hr, and then ground

to fine powder. An amount of 0.25 g of dry material of each treatment

was added to a 3 ml of concentrated HNO
3
 in a 50 ml digestion tube

and mixed gently by swirling. The digestion tubes were placed in a

heating block set at 150oC for 1 hr, 2 ml of a 30% H
2
O
2
 was added

to each digestion tube after cooling. These were heated further for 3

hrs at 150oC and then cooled to room temperature. Upon complete

digestion of the plant tissue, the solution was diluted to 50 ml and the

upper clear part was separated from the lower sand-grit portion and

used for determination of Cr content in roots, stem and leaves with

the help of atomic absorption spectrometer (Model ZEEnit 600/650,

Analytik Jena, Germany).

Chlorophyll content: Chlorophyll (Chl) content was estimated in

fresh leaf samples by the method of Hiscox and Israelstam (1979),

which involves estimation of plant pigments without maceration.

Leaves kept in a moist filter paper in an icebox were washed with

cold DDW and chopped. The chopped leaf material (0.1 g) was

taken in vials, containing a 5 ml of dimethyl sulfoxide (DMSO), to be

kept in oven at 65oC for 1 hr, to achieve a complete leaching of

pigments. Thereafter, the volume of DMSO was made up to 10 ml

and the chlorophyll content was measured immediately. The

absorbance of DMSO, containing the pigments, was recorded at

663 and 645 nm, using a UV-Vis spectrophotometer (BIO 20, Perkin

Elmer, Germany). Values of optical density were used in computing

the chlorophyll contents with the help of formulae given by Arnon (1949).

Net photosynthetic rate: The net photosynthetic rate and stomatal

conductance in the leaves was recorded by using a portable infra

red gas analyzer (LICOR 6400, LICOR, Lincoln, USA) that works

on the basis of the net exchange of CO
2
 between leaf and atmosphere

through stomata, as measured by enclosing the leaf in the leaf

chamber, and monitoring the rate at which the CO
2
 concentration

changes over a short time interval (10-20 s). Photosynthetic rate

was expressed in µmol CO
2 
m-2s-1, and stomatal conductance in

mmol CO
2 
m-2 s-1.

NR activity and contents of nitrate, free amino acids, and

soluble protein: The NR activity was determined by the method of

Klepper et al. (1971). Concentrations of nitrite were determined

against the standard curve prepared by using sodium nitrite solution.

The enzyme activity was expressed in µmol nitrite g-1 f.wt. hr-1.

Extraction of nitrate from plants was done by the method of

Grover et al.  (1978).  Nitrate in the aliquot was reduced to nitrite with

the help of hydrazine sulphate, following the method of Fishman et

al. (1964). Concentrations of nitrate were determined against the

standard curve prepared by using potassium nitrate solutions, and

expressed in µmol g-1 f.wt.

The amino acid content was estimated using the method of

Lee and Takahashi (1966). Standard curve was prepared from

glycine of different concentrations and the amino acid content was

expressed in µmol g-1 f.wt.

The total soluble protein content of leaves was estimated by

the method of Bradford, (1976), using a standard curve prepared

from the standard of bovine albumin serum (BSA). The protein

content was expressed in mg g-1 f.wt.

Nitrogen (N), carbon (C) and sulphur (S) contents: For

estimating the nitrogen, carbon and sulphur contents, the plant material

was rinsed thoroughly with Milli Q water, oven-dried at 80oC for 48

hr, and then ground to a fine powder. A standard was prepared by

using sulfanilic acid over a varied range of concentrations. A 0.25 mg

of the finely ground plant material was analyzed by the elemental

analyzer (Vario EL, CHNOS Elemental Analyzer, Germany) for

estimating the contents of N, C and S.

Statistical analysis: Statistical analysis of the data obtained was

conducted using three replicates of each treatment (n=3). Analysis of

variance (ANOVA) was conducted to confirm the variability of data

and validity of results. In order to determine whether differences

between treatments were significant, as compared to control, least

significant difference (LSD) was determined (Cochram and Cox, 1957).
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Results and Discussion

Chromium accumulation: In roots, Cr accumulation progressed

with increase in plant age and Cr dose. Cr levels rose by 0.29 to

0.89 mg g-1 d. wt. with T1 on different sampling days. The maximum

(1.62 mg g-1 d. wt.) chromium accumulation was observed with T5.

The accumulation of Cr in the stem also increased continuously and

the increase was both dose and time-dependent. The maximum Cr

accumulation (4.19 mg g-1 d.wt.) was observed with T5 at 80 DAS.

Leaves also exhibited a similar pattern of Cr accumulation. With

increase in the treatment dose, Cr accumulation was enhanced,

showing the highest increment (0.99 mg g-1 d. wt.) with T5 (Table 1).

Analysis of Cr uptake and accumulation in different plant parts readily

reveals the suitability of Indian mustard for remediation of HM-

contaminated soils. The maximum accumulation at early stages of

plant growth occurred in roots, followed by the stem and leaves,

which could be due to vacuolar sequestration of Cr metal in the roots

as they act as a barrier against excessive metal translocation, a

potential tolerance mechanism operating in plants under metal stress.

With increase in the age of the plant, however, the ability to transfer

the metal to aerial parts increased, leading to a higher Cr

accumulation in the aboveground plant parts, especially in the stem.

Chlorophyll content: No significant change relative to control was

noticed in the Chl a and total Chl contents of leaves by Cr treatments

up to the 300 mg Cr kg-1 (T1, T2 and T3) on any of the sampling

days. However, with higher Cr doses (T4 and T5) Chl a content

was reduced by 25-30, 25-32 and 21-34% at 40, 60 and 80 DAS,

respectively, all changes being significant. Chl b content was not

affected significantly at 40 DAS with any Cr dose. A significant decline

of 57-59 and 60-64%, with respect to the control, was observed with

T4 and T5, respectively, at 60 and 80 DAS (Table 2). The changes

in the chlorophyll content were concomitant with the development of

Cr toxicity symptoms. Chromium degrades animo-levulinic acid

dehydratase, which reduces the availability of prophobilinogen

required for chl biosynthesis, thereby affecting the amino levulinic

acid (ALA) utilization. This causes ALA build up and finally reduces

the chlorophyll level (Vajpayee et al., 2001). Decline in chlorophyll

content could also be linked to inhibition of biosynthesis of lipids and

carotenoids (Palle et al., 1992; Marschner, 1995). Similar

observations were reported in Nelumbo nucifera and Spirodela

polyrhiza (Vajpayee et al., 1999; Appenroth et al., 2003). The decline

in Chl b could be due to destabilization and degradation of proteins

of the peripheral part. Higher concentration of Cr caused a breakdown

of chlorophyll and an increase in membrane permeability and

membrane damage (Vajpayee et al., 2000; Bertrand and Poirier,

2005; Shanker et al., 2005).

Rate of photosynthesis: No significant effect was found in the net

photosynthetic rate with low Cr treatments (T1, T2 and T3). With

higher doses (T4 and T5), however, the photosynthetic rate declined

by 15-36, 43-60 and 40-64%, as recorded at 40, 60 and 80 DAS

Table - 1: Chromium accumulation in the roots, stem and leaves (mg g-1

d.wt.) of cv Pusa Jai Kisan of Indian mustard under different treatments and

at different stages of plant growth

Treatments
Days after sowing (DAS)

(Cr kg-1 soil) 40 60 80

Root

T0 0 0 0

T1 0.29±0.024a 0.66±0.04a 0.89±0.01a

T2 0.38±0.030ac 0.69±0.02a 1.11±0.05a

T3 0.53±0.053ab 0.88±0.06a 1.29±0.12a

T4 0.63±0.10bc 1.03±0.07b 1.13±0.17a

T5 0.77±0.05bc 1.02±0.12b 1.62±0.20b

Stem

T0 0 0 0

T1 0.15±0.02a 0.49±0.02a 0.97±0.08a

T2 0.27±0.03a 0.87±0.11a 2.29±0.66ab

T3 0.44±0.03a 1.10±0.12ab 2.86±0.31bd

T4 0.56±0.06a 1.86±0.22b 3.52±0.25bc

T5 0.64±0.03a 2.34±0.56b  4.19±0.14c

Leaf

T0 0 0 0

T1 0.05±0.01a 0.21±0.03a 0.37±0.03a

T2 0.10±0.01ab 0.18±0.01a 0.40±0.02a

T3 0.11±0.01ab 0.30±0.09a 0.55±0.33a

T4 0.13±0.01bc 0.33±0.05a 0.60±0.47a

T5 0.20±0.03c 0.62±0.06b 0.99±0.11b

The values are mean of three replicates ± SE. Different letters indicate

significantly different values at a particular DAS (p<0.05)

Table - 2: Effect of chromium treatments on chlorophyll contents (mg g-1 f.

wt.) of cv Pusa Jai Kisan of Indian mustard at different stages of plant

growth

Treatments
Days after sowing (DAS)

(Cr kg-1 soil) 40 60 80

Chl a

T0 1.23±0.14a 1.38±0.19a 1.07±0.01a

T1 1.32±0.01a 1.40±0.28a 1.17±0.02a

T2 1.35±0.01a 1.48±0.01a 1.26±0.08a

T3 1.12±0.020a 1.39±0.04a 1.09±0.04a

T4 0.92±0.001b 1.03±0.001b 0.85±0.04b

T5 0.86±0.005b 0.93±0.0002b 0.71±0.05b

Chl b

T0 0.29±0.003a 0.36±0.026a 0.41±0.005a

T1 0.30±0.012a 0.38±0.015a 0.44±0.021a

T2 0.31±0.005a 0.39±0.008a 0.45±0.017a

T3 0.31±0.032a 0.42±0.013a 0.47±0.018a

T4 0.29±0.049a 0.15±0.010b 0.16±0.013b

T5 0.28±0.003a 0.14±0.002b 0.14±0.005b

Total Chl

T0 1.52±0.14a 1.74±0.18a 1.49±0.02a

T1 1.63±0.01a 1.79±0.03a 1.62±0.02a

T2 1.66±0.01a 1.88±0.06a 1.71±0.08a

T3 1.44±0.04a 1.82±0.06a 1.56±0.05a

T4 1.22±0.05b 1.19±0.01b 1.01±0.06b

T5 1.15±0.004b 1.08±0.003b 0.86±0.06b

The values are mean of three replicates ± SE. Different letters indicate

significantly different values at a particular DAS (p<0.05)
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respectively, differing significantly from the control. A similar trend of

variation was observed for stomatal conductance (Table 3).

Chromium toxicity affects plant metabolism, including synthesis of

photosynthetic pigments due to metal binding to protein sulphydryl

groups (Van Assche and Clijsters, 1990), or by direct destruction of

photosynthetic pigments through generation of highly active oxygen

radicals (Pinto et al., 2000) Progressive decline in the photosynthetic

rate was observed with application of Cr concentrations. Cr is a

strong oxidant with a high redox potential of 1.38 eV, and may cause

serious oxidative damage to the photosynthetic apparatus, as reflected

by the results of this study and of Vernay et al. (2007). The reduced

stomatal conductance in our experiment could be the cause of

reduction in photosynthetic rate under Cr treatments, (Liu et al.,

Table - 3: Effect of chromium treatments on photosynthetic rate (µmol CO
2

m-2 s-1) and stomatal conductance (mmol CO
2 
m-2 s-1) in the leaves of cv

Pusa Jai  Kisan  of Indian mustard at different stages of plant growth

Treatments
Days after sowing (DAS)

(Cr kg-1 soil) 40 60 80

Net photosynthetic rate

T0 28.0±0.08a 31.6±1.54a 24.3±0.95a

T1 28.5±0.29a 32.2±1.71a 24.6±2.13a

T2 28.4±1.13a 30.7±1.35a 23.3±0.72a

T3 26.9±1.41a 27.9±2.07a 20.7±1.48a

T4 23.8±1.00b 17.9±1.12b 14.5±1.32b

T5 17.8±1.23c 12.5±0.78c 8.7±0.47b

Stomatal conductance

T0 0.031±0.001a 0.046±0.001a 0.019±0.0003a

T1 0.032±0.009a 0.048±0.001a 0.018±0.0004a

T2 0.035±0.005a 0.041±0.006a 0.017±0.0002a

T3 0.030±0.005a 0.040±0.002a 0.015±0.0003a

T4 0.016±0.002b 0.028±0.004b 0.012±0.0007b

T5 0.011±0.002b 0.018±0.002b 0.011±0.0006b

The values are mean of three replicates ± SE. Different letters indicate

significantly different values at a particular DAS (p<0.05)

Table - 6: Effect of chromium treatments on the nitrogen, carbon and

sulphur contents (%) of the leaves of cv Pusa Jai Kisan of Indian mustard

at different stages of plant growth

Treatments
Days after sowing (DAS)

(Cr kg-1 soil) 40 60 80

N content

T0 0.30±0.004a 0.38±0.036a 0.49±0.011a

T1 0.28±0.026a 0.36±0.013a 0.45±0.031a

T2 0.30±0.004a 0.38±0.010a 0.49±0.023a

T3 0.32±0.002a 0.34±0.006a 0.45±0.032a

T4 0.29±0.038a 0.28±0.005b 0.39±0.010a

T5 0.27±0.031a 0.26±0.01b 0.27±0.012b

C content

T0 3.95±0.18a 5.43±0.24a 4.86±0.04a

T1 3.68±0.15a 5.02±0.13a 4.44±0.19a

T2 3.48±0.23a 5.26±0.10a 4.33±0.27a

T3 3.57±0.01a 5.09±0.08a 3.57±0.02b

T4 3.57±0.26a 4.18±0.03b 3.15±0.02b

T5 2.99±0.21b 3.77±0.14b 2.49±0.19b

S content

T0 0.148±0.017a 0.21±0.003a 0.209±0.005a

T1 0.142±0.010a 0.23±0.014a 0.207±0.001a

T2 0.17±0.002a 0.27±0.014b 0.17±0.002a

T3 0.16±0.002a 0.26±0.012b 0.14±0.001b

T4 0.13±0.006a 0.18±0.005a 0.13±0.001c

T5 0.11±0.004b 0.14±0.005c 0.058±0.001d

The values are mean of three replicates ± SE. Different letters indicate

significantly different values at a particular DAS (p<0.05)

Table - 5: Effect of chromium treatments on the free amino acid (µmol g-1

f.wt.) and soluble-protein contents (mg g-1 d.wt.) of the leaves of cv Pusa

Jai Kisan of Indian mustard at different stages of plant growth

Treatments
Days after sowing (DAS)

( C r  k g
-1 soil) 40 60 80

Free amino acid

T0 2.42±0.01a 2.27±0.12a 1.98±0.17a

T1 2.49±0.01a 2.34±0.05a 2.38±0.083b

T2 2.50±0.04a 2.51±0.08a 2.57±0.123b

T3 2.57±0.01a 2.63±0.02a 2.61±0.056b

T4 3.61±0.02b 3.42±0.15c 3.61±0.025c

T5 3.97±0.15c 4.24±0.05d 3.74±0.050c

Soluble protein

T0 1.64±0.12a 2.14±0.06a 2.96±0.01a

T1 1.68±0.001a 2.23±0.13a 2.85±0.01a

T2 1.91±0.001a 2.26±0.01a 2.67±0.02a

T3 1.31±0.004b 1.99±0.01a 2.37±0.01b

T4 1.02±0.004c 1.80±0.29a 2.16±0.12c

T5 0.98±0.001d 1.75±0.35a 1.93±0.02d

The values are mean of three replicates ± SE. Different letters indicate

significantly different values at a particular DAS (p<0.05)

Diwan et al.

Table - 4: Effect of chromium treatments on nitrate content (µmol g-1 f.wt.)

and nitrate reductase activity (µmol nitrite g-1 f.wt. h-1) of the leaves of cv

Pusa Jai Kisan of Indian mustard at different stages of plant growth

Treatments
Days after sowing (DAS)

(Cr kg-1 soil) 40 60 80

Nitrate content

T0 1.90±0.28a 1.99±0.12a 0.14±0.01a

T1 2.23±0.29a 2.11±0.05a 0.16±0.005a

T2 2.35±0.16b 2.24±0.12a 0.18±0.004b

T3 2.33±0.14b 1.95±0.33a 0.22±0.014b

T4 2.09±0.11a 1.91±0.20a 0.19±0.006b

T5 1.23±0.23c 1.86±0.04a 0.18±0.005b

NR activity

T0 5.70±0.52a 6.69±0.47a 3.76±0.49a

T1 4.70±0.20a 6.12±0.33a 3.29±0.20a

T2 4.36±0.11b 6.07±0.12a 2.28±0.18b

T3 4.25±0.06b 5.92±0.12a 2.26±0.12b

T4 2.27±0.17c 2.13±0.057b 2.14±0.06b

T5 2.83±0.05c 3.45±0.019b 1.30±0.17c

The values are mean of three replicates ± SE. Different letters indicate

significantly different values at a particular DAS (p<0.05)
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2008). The treated plants resisted Cr toxicity in pre-flowering and

flowering stages; the decline in the above parameters appeared

during late flowering probably because the defence mechanism of

plants might have grown weak with time.

NR activity and contents of nitrate, free amino acids and

soluble protein: Depletion in NR activity was positively correlated

to Cr concentrations. The maximum inhibition of NR activity was

recorded at 60 DAS with T4 treatment. In Cr-treated plants, nitrate

content increased (10-23%) with T1, T2, T3 and T4 as observed at

40 DAS. However, it was 35% less with T5 in comparison with the

control. At 60 DAS, Cr treatment had no significant impact on nitrate

content. At 80 DAS, nitrate content of treated plants increased by 13-

53%, showing statistically significant differences from the control except

at T1. Chromium toxicity significantly impaired NR activity at all

treatments except T1 (Table 4).  The activity of NR, reducing nitrate

to nitrite, depends upon efficiency of photosynthesis or production of

photosynthetate and requires photosynthetically generated reductase

(NADPH) and energy (Vijayaraghavan et al., 1982; Raghuram

and Sopory, 1995), thus any alteration in photosynthesis would

reflect in the activity of NR enzyme (Rai et al., 2004). The decline in

NR activity in Cr-treated Indian mustard could be due to inhibition of

chlorophyll biosynthesis, leading to lower photosynthetic rates. Our

results are in agreement with earlier ones on Cr toxicity to chlorophyll,

NR activity and protein content in eel grass (Vajpayee et al., 2001).

The reduced NR activity due to Cr treatments allows for nitrate

accumulation in the Indian mustard plants, thus resulting in high

nitrate levels.

 Free amino acid content in the treated plants increased with

increasing Cr doses irrespective of the age of plants, when compared

with the control. The enhancement continued till 60 DAS, beyond

which either it stayed almost constant or declined. When observed at

40 DAS, the increase (3-64%) was statistically non-significant except

with T4 and T5. At 60 and 80 DAS, the increase was 3-87 and 20-

89% respectively, being statistically significant except with T1, T2

and T3 at 60 DAS (Table 5). The soluble protein content of leaves

was not significantly altered at T1 and T2 doses, as recorded at 40

and 80 DAS. Nonetheless, treatments T3, T4 and T5 caused a

significant decline of 20-40% relative to the control at 40 DAS and

20-35% at 80 DAS. Similarly, a decline of 7-18% was apparent at

60 DAS, which, however, was non-significant in comparison with the

control (Table 5). The increase in free amino acid content in our

study might be because of a decreased protein synthesis or increased

proteolysis. Palma et al. (2002) elucidated the importance of

proteolysis and protein oxidation in situations of HM-induced oxidative

stress.  Depleted protein content in the leaves of Indian mustard at

high Cr doses may be attributed to a variety of factors, including the

lowered NR activity, which influences nitrogen assimilation. The

increased lipoxygenase may lead to the production of free radicals

by dioxygenation of membrane lipids and unsaturated fatty acids,

which in turn might damage the chloroplast membrane and cellular

constituents such as proteins. Another reason of protein decline

could be the Cr-induced and H
2
O
2
-mediated oxidization of proteins

or an increased proteolytic activity.

Nitrogen, carbon and sulphur contents: The N content of leaves

increased with plant age. It was always lower in the treated plants

than in control. The decline was non-significant except with T4 and

T5 at 60 DAS and with T5 at 80 DAS. The C content of leaves

increased till 60 DAS followed by a decline at 80 DAS irrespective of

treatments. However, a non-significant reduction was observed at

40 DAS except with T5. S content also increased till 60 DAS and

declined thereafter under Cr treatment. At 40 DAS, there was no

significant effect of Cr treatments except with T5. An increase of 11-

29% with T1, T2 and T3, and a decline of 14 and 34% with T4 and

T5 respectively, were observed at 60 DAS. At 80 DAS, there occurred

a statistically significant decline of 0.77-72%, relative to the control,

except with T1 and T2 (Table 6). The declining N content with

increase in Cr levels could be due to a low uptake efficiency of roots

for nitrate in response to Cr (Arduini et al., 2006). As a result of

reduced N uptake and reduced plant growth, the amount of N

accumulated by Indian mustard decreased with increase in Cr supply.

Similar results were obtained with Miscanthus sinensis on application

of Cr (Arduini et al., 2006). Due to its structural similarities with some

essential elements, Cr can affect the mineral nutrition of plants in a

complex way. It can interfere with the uptake of other ionically similar

elements, like Fe and S (Skeffington et al., 1976; Scoccianti et al.,

2006). Decreased uptake of S in Cr-stressed plants could be due to

inhibition of activity of the plasma membrane H+ ATPase (Fernandes

et al., 2002, Moreira et al., 2005). The decrease in the ATPase

activity can cause a decrease in proton extrusion, which in turn may

decrease the transport activities of the root plasma membrane and

the uptake of nutrient elements (Moreira et al., 2005; Vernay et al.,

2007). The present study elucidates a high Cr-uptake potential of

Indian mustard, its capability to resist Cr stress till late flowering stage,

and its suitability for purpose of land remediation.

Acknowledgments

Hema Diwan is grateful to the Council of Scientific & Industrial

Research, New Delhi for the award of Senior Research Fellowship.

References

Adriano, D. C.: Trace elements in terrestrial environments: Biogeochemistry,

bioavailability and risks of metals. Springer-Verlag, New York (2001).

Appenroth, K.J., A. Keresztes, E. Sarvari,  A. Jaglarz and W. Fischer:

Multiple effects of chromate on Spirodela polyrhiza: Electron microscopy

and biochemical investigations. Plant Biol., 5, 315-323 (2003).

Arduini, I., A. Masoni and L. Ercoli: Effects of high chromium applications on

Miscanthus during the period of maximum growth. Environ. Exp. Bot.,

58, 234-243 (2006).

Arnon, D.I.: Copper enzymes in isolated chloroplasts: Polyphenoloxidase in

Beta vulgaris. Plant Physiol., 24, 1-15 (1949).

ATSDR: Toxicological profile for chromium. Agency for Toxic Substances

and Disease Registry (ATSDR), US Department of Health and Human

Services, Public Health Service (1993).

Baker, A.J.M. and R.R. Brooks: Terrestrial higher plants which

hyperaccumulate metallic elements: A review of their distribution,

ecology and phytochemistry. Biorecovery, 1, 81-126 (1989).

Chromium induced alteration in Indian mustard



244

Journal of Environmental Biology ����March 2012����

Bertrand, M. and I. Poirier: Photosynthetic organisms and excess of metals.

Photosynthetica., 43, 345-353 (2005).

Bradford, M.M.: A rapid and sensitive method for the quantitation of microgram

quantities of protein utilizing the principle of protein-dye binding. Anal.

Biochem., 72, 248-254 (1976).

Caravaca, F., M.M. Alguacil, G. Diaz and A. Roldan: Use of nitrate reductase

activity for assessing the effectiveness of mycorrhizal symbiosis in

Dorycnium pentaphyllum under induced water deficit. Comm. Soil

Sci. Plant Anal., 34, 2291-2302 (2003).

Caravaca, F., M.M. Alguacil, J.A. Hernandez and A. Roldan: Involvement of

antioxidant enzyme and nitrate reductase activities during water stress

and recovery of mycorrhizal Myrtus communis and Phillyrea

angustifolia plants. Plant Sci., 169, 191-197 (2005).

Choudhury, S. and S.K. Panda: Toxic effects, oxidat ive stress and

ultrastructural changes in moss Taxithelium nepalense (Schwaegr.)

Broth. under chromium and lead phytotoxicity. Water, Air Soil Pollut.,

167, 73-90 (2005).

Cochram, W.G. and G.M. Cox: Experimental designs, Wiley, New York,

(1957).

Davies, F.T., J.D. Puryear, R.J. Newton, J.N. Egilla and J.A.S. Grossi:

Mycorrhizal fungi increase chromium uptake by sunflower plants:

Influence on tissue mineral concentration, growth and gas exchange.

J. Plant Nutr., 25, 2389-2407 (2002).

Diwan, H., A. Ahmad and M. Iqbal: Genotypic variation in the phytoremediation

potential of Indian mustard for chromium. Environ. Manage., 41, 734-741

(2008).

Diwan, H., A. Ahmad and M. Iqbal: Chromium-induced modulation in the

antioxidant defense system during phenological growth stages of Indian

mustard. Int. J. Phytoremed., 12, 142-158 (2010a)

Diwan, H., A. Ahmad and M. Iqbal: Induction of phytochelatins and antioxidant

defence system in Brassica juncea and Vigna radiata in response to

chromium treatments. Plant Growth Reg., 61, 97-107 (2010b).

Edwards, C.A.: Assessing the effects of environmental pollutants on soil

organisms, communities, processes and ecosystems. Euro. J. Soil

Biol., 38, 225-231 (2002).

Fernandes M.L.V., F. Calouro and M.M. Abreu: Application of chromium to

soils at different rates and oxidation states. I. Effect on dry matter yield

and chromium uptake by radish. Commun. Soil Sci. Plant Anal., 33,

2259-2268 (2002).

Fishman M.J., M.W. Skougstad and G.F. Scarbw: Diazotization method for

nitrate and nitrite. J. Am. Water Works Asso., 56, 633-638 (1964).

Gardea-Torresdey, J.L., J.R.G. de la Rosa, M. Peralta-Videa, G.M. Cruz-

Jimenez, and Cano-Aguilera: Differential uptake and transport of trivalent

and hexavalent chromium by tumbleweed (Salsola kali). Arch. Environ.

Contam. Toxicol., 48, 225-232 (2005).

Grover H.L., T.V.R. Nair and Y.P. Abrol: Nitrogen metabolism of the upper

three leaf blades of wheat at different soil nitrogen levels. I. Nitrate

Reductase activity and content of various nitrogenous constituents.

Physiol. Plant., 42, 287-292 (1978).

Hiscox J.D. and G.F. Israelstam: A method for extraction of chlorophyll from

leaf tissue without maceration. Can. J. Bot., 57, 1332-1334 (1979).

Jabeen, R., A. Ahmad and M. Iqbal: Phytoremediation of heavy metals:

Physiological and molecular aspects. Bot. Rev., 75, 339-364 (2009). 

Klepper, L., D. Flesher and R.H. Hageman: Generation of reduced nicotinamide

adenine dinucleotide for nitrate reduction in green leaves. Plant Physiol.,

48, 580-590 (1971).

Lee L.P. and T. Takahashi: An improved colorimetric determination of amino

acids  with the use of ninhydrin. Anal. Biochem., 14, 71-77 (1966).

Liu, D., J. Zou, M. Wang and W. Jiang: Hexavalent chromium uptake and its

effect on mineral uptake, antioxidant defence system and photosynthesis

in Amaranthus viridis L. Bioresour. Technol., 99, 2628-2636 (2008).

Marchner H.: Mineral Nutrition of Higher Plants. 2nd Edn., Academic Press,

New York, USA, (1995).

Moreira, O.C., P.F. Rios and H. Barrabin: Inhibition of plasma membrane

Ca2+ ATPase by Cr-ATP. LaATP but not Cr-ATP stabilizes the Ca2+

occluded state. Biochem. Biophys. Acta (Bioenergetics), 3, 411-419

(2005).

Palle, A., K. Chakrabarti, S. Chakrabarti, F. Seifert, P. Schramel and H.

Rennenberg: Antioxidants and manganese deficiency in needles of

Norway spruce (Picea abies L.) trees. Plant Physiol., 99, 1084-1089

(1992).

Palma, J.M., L.M. Sandalio, F.J. Corpas, M.C. Romero-Puertas, I. MaCarthy

and L.A. del Rio: Plant proteases, protein degradation and oxidative

stress: Role of peroxisomes. Plant Physiol. Biochem., 40, 521-530

(2002).

Panda, S.K. and S. Choudhury: Chromium stress in plants. Braz. J. Plant

Physiol., 17, 131-136 (2005a).

Panda, S.K. and S. Choudhury: Changes in nitrate reductase activity and

oxidative stress in the moss Polytrichum commune subjected to

chromium, copper and zinc toxicity. Braz. J. Plant Physiol., 17, 191-197

(2005b).

Panda, S.K., I . Choudhury and M.H. Khan: Heavy metals induce lipid

peroxidation and affect antioxidants in wheat leaves. Biol. Plant., 46,

289-294 (2000).

Pinto, E., L.H. Catalani, N.P. Lopes, P. Di Mascio and P. Colepicolo: Peridinin

as the major biological carotenoid quencher of singlet oxygen in

Gonyaulax polyedra. Biochem. Biophys. Res. Commun., 268, 496-500

(2000).

Raghuram, N. and S.K. Sopory: Light regulation of nitrate reductase gene

expression mechanism and signal response coupling. Physiol. Mol.

Biol. Plants, 1, 103-114 (1995).

Rai, V., P. Vajpayee, S.N. Singh and S. Mehrotra: Effect of chromium

accumulation on photosynthetic pigments, oxidative stress defense

system, nitrate reduction, proline level and eugenol content of Ocimum

tenuiflorum L. Plant Sci., 167, 1159-1169 (2004).

Scoccianti V., R. Crinelli, B. Tirillini, V. Mancinelli and A. Speranza: Uptake

and toxicity of Cr (III) in cerely seedlings. Chemosphere, 64, 1695-1703

(2006).

Shanker A.K., C. Cervantes, H. Loza–Tavera and S. Avudainayagam:

Chromium toxicity in plants. Environ. Int., 31, 739–753 (2005).

Sharma D.C., C.P. Sharma and R.D. Tripathi:  Phytotoxic lesions of chromium

in maize. Chemosphere, 51, 63-68 (2003).

Singh, S. and S. Sinha: Accumulation of metals and its effects in Brassica

juncea (L.) Czern. (cv. Rohini) grown on various amendments of

tannery waste. Ecotox. Environ. Safety, 62, 118–127  (2005).

Skeffington, R.A., P.R. Shewry and P.J. Peterson: Chromium uptake and

transport in barley seedlings (Hordeum vulgare L.). Planta, 132, 209-214

(1976).

Vajpayee, P.,  S.C. Sharma, R.D. Tripathi,  U.N. Rai and M. Yunus:

Bioaccumulation of chromium and toxicity to photosynthetic pigments,

nitrate reductase activity and protein content of Nelumbo nucifera

Gaertin. Chemosphere, 39, 2159-2169 (1999).

Vajpayee, P., R.D., Tripathi, U.N., Rai, M.B. Ali and S.N. Singh: Chromium

(VI) accumulation reduces chlorophyll biosynthesis, nitrate reductase

activity and protein content in Nymphea alba L. Chemosphere, 41,

1075-1082 (2000).

Vajpayee P., U.N. Rai, M.B. Ali, R.D. Tripati, V. Yadav, S. Sinha and S.N.

Singh: Chromium-induced physiologic changes in Vallisneria spiralis

L. and its role in phytoremediation of tannery effluents. Bull. Environ.

Contam. Toxicol., 67, 246-256 (2001).

Van Assche, F. and H. Clijsters: Effects of metals on enzyme activity in

plants. Plant Cell Environ., 13, 195-206 (1990).

Vernay P., C. Gauthier-Moussard and A. Hitmi: Interaction of bioaccumulation

of heavy metal chromium with water relation, mineral nutrition and

photosynthesis in developed leaves of Lolium perenne L. Chemosphere,

68, 1563-1575 (2007).

Vijayaraghavan, J., A. Gupta, G.S. Mukherjee and S.K. Sopory: Stimulation

of nitrate reductase by light and ammonium in Spirodela oligorrhiza. J.

Exp. Bot., 33, 705-716 (1982).

Zhang, X.H., Y.P. Luo, H.T. Huang, J. Liu, and J. Chen: Electroplating factory

heavy metal pollution in soil and characteristics of plant accumulation.

Guilin Univ. J. Technol., 25, 289-292 (2005).

Zhang, X.H., J. Liu, H.T. Huang, J. Chen, Y.N. Zhu and D.Q. Wang: Chromium

accumulation by the hyperaccumulator plant Leersia hexandra Swartz.

Chemosphere, 67, 1138-1143 (2007).

Diwan et al.


