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Chromium Phytotoxicity in Tree Species and its Role on Phytoremediation
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Abstract: Background: The use of tree species to assess the phytoremediation capacity and phytotoxicity
effect of chromium was highly recommended for the clean environment. Many studies have considered the rates
of polluted levels reductions from the soil. Aim: Relatively this paper describes experiments which exammed
the influence of tree species to reduce the chromium levels in a short span of time from the soil and the
physiological changes while growing. Pithecellobium dulce, Tamarindus indicus, Pongamia glabra,
Cassia auriculata and Azadirachta indica were cultivated in pot soils were treated with different
concentrations (10, 30, 50 mg L") of chromium, prepared from the stock selution of potassium dichromate.
Result: The chromium accumulation potential of the tree species is higher in the order of
Pongamia glabra>Cassia auriculata=Pithecellobium dulce>Azadirachta indica>Tamarindus indicus. The
decrease in morphological parameters (root length and shoot length) and biochemical parameters
(protemn, chlorophyll, carotenoid, leghaemoglobin nitrogenase enzyme and proline) were observed in the
experimental plant due to chromium accumulation. Conclusion: The study suggested that continuous
deposition of chromium would denature the soil medium. The application of phytoremediation technology
seems to be essential for making a good environment.
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INTRODUCTION

With a tremendous improvement in scientific field
and industrialization, there has been a significant increase
in use and release of chemicals and heavy metals
mto the environment (Bhattacharyya er al, 2005,
Ganesh et al., 2008). Among the heavy metals, chromium
(Cr(VT) plays a significant role in polluting the
environment. The chromium discharging industries are
alloy manufacturing, dyes and pigments, electroplating,
metal finishing, petroleum refining, leather tamming and
wood preservation factories (Aleves et al, 1993,
Mishra and Doble, 2008). In soil environment, the most
stable oxidation states of chromium are Cr(III) and Cr(VI).
Even at low concentrations, it may produce mutagenesis
and carcinogenesis (Chidambaram et al., 2009). Land
application of tannery waste as organic fertilizer has led to
extensive Cr contamination of agricultural areas
(Lakshmi and Sundaramoorthy, 2001). It has also been
reported that even the lower concentrations of chromium
(72 ppm) showed inhibitory effect on plant growth
(Sundaramoorthy et  al, 2006). Metals like
chromium with phytotoxic effect have decreased
plant biomass production, biochemicals and minerals
(Sankar Ganesh et al, 2006). In addition to this, its
presence in excess amount within the plant causes

stunted growth, poor root development and discoloration
of leaves (Chidambaram et al, 2009). It caused the
changes in transpiration and nutrient balance due to
chromium toxicity (Sharma et al., 2003; Scoccianti et al.,
2006, Yuetal., 2010). Because Cr(V1) is relatively mobile,
easily soluble in water, and simply permeable the
biological membrane and enter the cell (Kazi ef al., 2008).
The chromium seems to act as toxic to agriculture crops
and reduces the agricultural yield. Phytoremediation is an
eco-friendly and novel technologies in which the plants
are used for the removal of mactivate contaminants in soil
and water (Merkel et al., 2005). The contaminants are
absorbed subsequently, stored and metabolized by the
plants. The present study deals with in terms of the
comparative study of chromium phytotoxicity growth
performance, biochemical changes and phytoremediative
capacity of five selected tree species on chromium
contaminated soil.

MATERIALS AND METHODS

Tree species: The seeds of Pithecellobium dulce,
Tamarindus  indicus, Pongamia glabra, Cassia
auriculata and Azadirachta indica were collected from
Forest Research Station, Coimbatore, India. The earthen
pots were filled with 10 kg of garden soil and treated with
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different concentrations (10, 30 and 50 mg L7 of
chromium. Then, the seeds were sown in the pots
containing chromium and wrigated with tap water. Control
set was maintained without chromium treatment. The
seedlings were allowed to grow in polluted soil upto 120
days. After the experiment, the soil samples were collected
from the pots and they were analysed to know the
variation in their physico-chemical properties. All the
experimental sets were maintained in triplicate. The
accumulation of chromium was analysed in both shoot
and root of tree species.

Heavy metal preparation: Cr solution was prepared by
dissolving 5.916 g of K,Cr,0; in 1000 mL of distilled
water. From this stock solution, various concentrations
(10,30 and 50 mg L") of chromium selution were prepared
and used as treatment solutions.

Soil analyses: The experimental soil samples were
collected manually from the depth of 5-20 cm 1n each pot
and labeled separately. Cr(VI) content was determined
after digestion with HC1 and quantification was carried out
using atomic absorption spectrophotometer. The soil
nitrogen (Subbiah and Asya, 1956), Phosphorus and
potassium (Jackson, 1958), copper, iron, zine, manganese
and chromium (Piper, 1966) of both control and treated
so1l were estimated. All the parameters were determined in
triplicate.

Plant growth and biomass: After 120th day tree plant
samples were removed from the earthen pots and various
morphological parameters like shoot length, root lengths,
root nodules biomass dry weight were recorded and
analyzed to estimation.

Photosynthetic parameters: The 0.5 g of fresh leaf
material was taken and ground with 10 mI of 80% acetone.
The supernatant was saved and the residue was
re-extracted with 10 mL of 80% acetone. The supernatant
was utilized for chlorophyll estimation. The absorbance
was read at 645, 663 and 450 nm. The values were
calculated using the formula proposed by Arnon (1949)
for chlorophyll and Kirk and Allen (1965) for carotenoid
contents.

Estimation of protein: The protein content was estimated
by following the method of Lowry et af. (1951). Plant
sample was homogenized in 10 mL of 20% Trichloro acetic
Acid (TCA). The homogenate was centrifuged at 800 rpm
for 10 min. The supernatant was discarded and pellet was
re-extracted with 5 ml of 0.1 N NaOH. One milliliter of the
extract was taken in a test tube and 5 mL of reagent ‘C’
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was added. This solution was mixed well and kept in dark
for 10 min. Later 0.5 mL of folin phenol reagent was added
and the mixture was kept in dark for 30 min. The sample
was read at 660 nm n Spectrophotometer.

Estimation amino acid: The 0.5 g of plant sample was
homogemzed in 10 mL of 80% ethanol. The homogenate
was centrifuged at 800 rpm for 10 min One mL of the
extract was taken in the test tube and 1 mI. of 0.1 N HCI
was added to neutralize the sample. To this, one ml of
ninhydrin reagent was added and the test tube was
heated for 20 min in a water bath. Later, 5 mL of the diluent
solution was added and heated again in water bath for
10 min. the extraction and estimation was done by
following the methods of Moore and Stein (1948). The test
tubes were cooled and the value of absorbances was read
at 570 nm in a Spectrophotometer.

Estimation of proline: The 0.5 g of plant matenal (root and
shoot) was homogenized using 10 mL of 3% aqueous
sulpho salicylic acid. The homogenate was filtered
through Whatmann No. 1 filter paper. Two ml of acid
ninhydrin was added with (1.25 g of Ninhydrint+30 mL of
glacial acetic acid+20 mL of 6 m phosphoric acid) 2 mL of
glacial acetic acid. The sample was heated for one h at
100°C in a water bath and 4 mL of Tolune was added to it.
This solution was mixed well and the absorbance was read
at 520 nm 1n a Spectrophotometer by the method followed
by Bates et al. (1973). The results were expressed as
pmol g~ fresh weight.

Estimation of leghaemoglobin content: The nodules were
washed and weighed. They were crushed in tris-acetic
acid buffer. The extract was centrifuged at 3000 g for
20 min and 0.1 to 1.0 mL of supernatant was taken and it
was made upto final volume of 4.0 mL by tris-acetic acid
buffer so as to get an absorbance reading between 0.2 and
0.4. Later, 2mL of freshly prepared benzidine reagent was
added. The rate of colour formation was noted by
observing the change in optical density by using
UV-Spectrophotometer at 540 nm. A standard graph was
prepared by plotting the absorbance at the end of 30th
sec against different concentrations (0.8 -1.5 ug mL™") of
ox-bleod haemoglobin. The leghaemoglobin content of
the test sample was calculated from the Standard graph
and expressed inmg g~ of nodules on fresh weight basis
by the method followed by Hardy et al. (1968).

Nitrogenase enzyme estimation: Nitrogenase activity in
root nodules of test crop was estimated at various
sampling days by using acetylene reduction assay
method. One gram of freshly collected root nodules were
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washed thoroughly in distilled water. They were placed in
65 mL serum vials and closed with rubber stoppers. The
6.3 mL of air from the serumn vial was evacuated at 28°C for
one h with the sterile disposable syringe. At the time of
assay, 6.3 mL of acetylene gas was injected by using the
sterile disposable. These bottles were incubated at
28°C for 1 h At the time of assay, 0.5 mL of the gas
sample was withdrawn after flushing twice and injected
into gas chromatography and tested for ethylene
production. The factor 0.006 was arrived by injecting pure
ethylene gas. The nmitrogenase activity was expressed as
a mole of ethylene produced per gram of nodules per hour
according to the procedure by Hardy et al. (1968).

Chromium accumulation: After harvesting, the plants
were wiped with 0.01 N HC and washed thoroughly with
tap water, finally rinsed with distilled water in order to
remove swface absorbed metal ions. The plants were
divided into root and shoots and oven-dried at 80°C for
48 h. The dried samples were ground and digested with
HNO, (APHA, 1998). Then chromium content was
analyzed using atomic absorption spectrophotometer.

Statistical analysis: The experimental studies were carried
out with Completely Randomized Design (CRD). Each
treatment was conducted in triplicate and the Standard
Deviation (SD) was calculated. The data was expressed in
+3D triplicate.

RESULTS AND DISCUSSION

Plant growth and biomass: The root length and shoot
length of the tree species seedling grown in different
concentrations of Cr contaminated soil 1s shown in Fig. 1.
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After 120 days the maximum shoot length (37.6 ¢cm) and
root length (21.2 cm) were observed in control treatment
of Pongamia glabra. The shoot length (25.2 cm) and root
length (12.7 cm) were reducedat 50 mg kg~' chromium
treated plants. The lowest growth of shoot (6.3 c¢cm) root
(3.4 cm) was reported in 50 mg kg™ chromium treated
Tamarindus mdicus plants. Moreover, our result showed
that Pongamia glabra tolerates high amount of chromium
accumulation than the other tested species. Some
morphological symptoms of yellowing of leaves appeared
in the tree species when it is exposed to 30-50 mg kg ™' of
Cr contaminated soil. Similar views were reported by
various authors (Vajpayee ef al., 2001, Rotkittikhun ef al.,
2007; Norwood et al., 2007). The phytotoxicity of heavy
metals and extreme infertility of the contaminated soil were
the major limiting factors for the plant growth. The
morphological growth parameters like biomass and
nodules showed in Fig. 2 and 3. Highest
morphological parameters were observed in control
pots  when compared to high concentration of
chromium irrigated pots. The highest dry weight
content 6.2 g seedlings and number of root nodules
(39.2 nodules plant™") were observed in P. glabra control
seedlings and it was reduced at 4 g seedlings™ and
18.7 nodules plant™ on 50 mg kg™ treated control plants.
The lowest dry weight yield was reported in
Azadirachta indica seedlings (0.6 g sec™) on highest
treatment of chromium in this study. The lowest number
of root nodule was reported in Cassia auriculata
{24 nodule plant™) at control and it was reduced to
11.8 nodules plant™" at 50 mg kg™ chromium treated
plants. Tamrindus indicus and Azadirachta indica were
omitted this study because of the absence of root
nodules. The plants grown on chromium treatment soil
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Fig. 1: Shoot and root length of tree species under Cr(VI) treatment
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Fig. 2: Dry weight of tree species under Cr(VI) treatment
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Fig. 3: Number of root nodules in tree species under Cr(VI) treatment

showed reduction in biomass growth, when compared to
plants grown in control pots. The reduction of biomass
and inhibition of growth may be due to the lack of water
absorption capacity and osmotic pressure by the metal
stress at higher concentrations. The presences of
chromium create abiotic stress and damages in the
external part of root system and inhibit the cell elongation
and cell division (Chidambaram et ai., 2009).

Photosynthetic pigments: Accumulation of Cr by the tree
species and crops is known to produce significant
physiological responses. The changes in the pigment
content such as chlorophyll a, chlorophyll b, total
chlorophyll and carotenoids after being exposed to
chromium are shown in Fig. 4 and 5, respectively. The
result shows that all the photosynthetic pigments were
high in control and declined correspondingly with the

18

increase in Cr concentration. The highest Chlorophyll “a’
{(1.83 mg g~' FW) content was observed in control
seedlings of Pithecellobium dulce. T. indicus seedling
shows highest content (0.78 mg g~ FW) of chlorophyll
‘b’. The lughest content of carotenoid content were
reported in control plants of C. auriculata (0.62 mg g™
FW) and the lowest content was reported in (0.22 mg g™
FW) at 50 mg kg™’ chromium treated 4. indica
seedlings. The impaired &-aminolevulime acid
dehydratase leads to reduced photosynthetic pigments
by chromium treatment (JTana and Choudhuri, 1982). Tt may
also be due to the presence of chromium, like metals have
the potentials to alter the rate of photosynthesis by
disturbing the structure of chloroplast, leading to the
changes in the fatty acid composition inhibiting
photosynthetic pigments and enzymes of Calvin
cycle m chromium treated seedlings (Vazquez et al., 1987)
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Fig. 4: Chlorophyll ‘a” and ‘b’ content level mn tree species under Cr(VI) treatment
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Fig. 5: Total chlorophyll and carotenoid content of tree species under Cr(VI) treatment

photophosphorylation (Vajpayee et al, 2001,
Chandra and Kulshreshtha, 2004, Shanker ef of., 2005). So,
the treated tree species has low pigment contents and
poor growth.

Amino acid and proline content: The amino acid and
proline contents of five tree species after 120th day of
chromium treatment are presented in Fig. 6 and 7. Amino
acid and prolne contents increased m chromium
treatments when compared to control. The highest
content (3.11 mg g~ FW) of amino acid was cbserved in
50 mg kg™ chromium treated C. auriculata and the
highest proline content (1.5 mg g~ FW) was observed in
50 mg kg™ chromium treated . dulce. The lowest amino
acid (2.54 mg g~' FW) and proline (0.4 mg g~' FW)
content was reported n control treated P. glabra. The
mcreasing trend of proline and amino acids in chromium
treated plants may be due to the stress in chromium
treated soil. The capability of plants for chromium induced
proline and amino acid accumulation. It could be brought
of chromium metal and also by water deficiency. This
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water deficiency and water stress develop 1n the leaves
and roots under the condition of chromium (VI) stress
(Chidambaram et al., 2009).

Protein content: Protein content plays a major role in
plant growth and development. The protein content
of tree species is gradually decreased with increase
of (Table 1). Highest
protein content (8.21 mg g FW) were reported in
control seedlings of P. glabra and the
protein content (1.98 mg g~' FW) were observed at

chromium concentration.

lowest

50 mg kg~ chromium treated 7. indicus seedlings.
Degradation m protein content might be the result of
increased activity of protease or other catabolic
enzymes under chromium stress (Rai et al, 1992).
During transport of heavy metals in plants, sulphydryl
group of protein may be reduced causing deleterious
effect in the normal protein form and also while
disturbing the protein metabolism automatically the plant
mechanisms will affect so that the plant growth and
development were mhibited.
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Fig. 7: Proline content of tree species under Cr(VI) treatment

Table 1: Effect of different concentrations of chromium on protein content of

tree species
Cr concentration Protein content
Species (mg ke™!) (mg g~ ! FW)
Pithecellobium dulce  Control 7.2+£0.36
10 6.01+0.30
30 3.2940.16
50 2.01+0.10
Tamarindus indicus Control 4.01+0.20
10 3.794+0.18
30 2.5440.12
50 1.98+0.09
Pongamia giabra Control 8.214+0.41
10 6.084+0.30
30 3.204+0.16
50 3.11+0.15
Cassia auriculata Control 7.2840.36
10 5.9240.30
30 3.81+0.18
50 2.2240.12
Azadirachta indica Control 5.814+0.49
10 4.27+0.20
30 3.1840.16
50 2.014+0.10

Values are Means+SD
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Leghaemoglobin (ILHG) content: The changes of
leghaemoglobin content are presented in Fig. 8.
The Thighest level of leghaemoglobin content
(7.31 pmol C,H, nodule FW) was estimated in control
treatment of Pongamia glabra and the lowest content
{1.4 umol C,H, nodule FW) was observed in 50 mg kg™
chromium treated Cassia auriculata. Among five plants,
the leghaemoglobin (ILHG) estimation was done in
Leguminosae members such as Pithecellobium dulce,
Pongamia glabra, Cassia auriculata. The LHG content
gradually decreased while increasing the chromium level.
At the same time, the presence of LHG induced the
phytoextraction capacity of the plant by means of
nitrogen fixation. The root nodules were absent in other
two plants Tamarindus indicus and Azadirachta indica.
The reduction of LHG and accumulation of chromium
contents might be due to the conversion and
translocation of metals by means LHG synthesis and
nitrogenase enzyme.



Insight Botany 3 (1): 15-25, 2013

o Control
m 10
o30
a 50

Leg haemoglobin (pmolC.H, nodule FW)

=

Iy,

P. dulce T. indicus P glabra  C. auriculata A indica
Chromium conc. (mg kg )
Fig. 8: Leghaemoglobin content of tree species inder Cr(VI) treatment
6 o Control
510
E' a30
o350
8
g 4-
S
g
L]
-
£
4
0+ T T T T 1
P, dulce T, indicus Pglabra C awiculaia A, indica

Chromium cone. (mg kg ")

Fig. 9: Nitrogenase enzyme content of tree species under Cr(VI) treatment

Nitrogenase enzyme (NGE): The mtrogenase enzyme
results showed a high level of NGE present in control
treatment plants. Among the five plants NGE
estimation was aslo done only in Leguminosae plants.
Among the nodule having plants, Pongantia glabra
shows (4.22 pmol CH, nodule FW) a high nitrogenase
enzyme (Fig. 9) when compared with other plants. The
lowest content (1.12 pmol C,H, nodule FW) was reported
in 50 mg kg™ chromium treated Pithecellobium dulce.
The presence of NGE promotes the extraction of chromium
from soil to plant tissue. The absorption of chromum by
root nodules may be due to the symbiotic relationship and
also due to the transportation of chromium by root
nodules.

Chromium accumulation and physicochemical analysis
of soils: The phytoremediation of contaminated soils is
getting more attraction m current day research and
development (Banerjee et al., 2008). Phytoremediation, 1s
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a method used by plants to detoxify pollutants through
physical, chemical and biological process (Wanzel et al,
1999). It 1s a practice for the detoxification of heavy metal
from polluted areas. The technology is based on the
ability of the plant to absorb the toxic elements and
transport into the aerial parts of plants. Their distribution
cammot be controlled and they can readily be processed
for receiving valuable metals (Cunningham and Ow, 1996).
Recent works provide evidence as in some members of the
family Brassicaceae (Kumar et al., 1995, Zayed et al.,
1998). Plants can accelerate bioremediation m surface soil
with their ability to stimulate soil microorganism through
the release of nutrient, from the soil and transport oxygen
to the rluzosphere. Abundance of metabolically active
microorgamisms n rhizosphere transforms heavy metal
from one oxidant state to another (Garbisu and
Allkorta, 2001). The selected tree species accumulate high
levels of Cr. The metal concentration in the plant
inereased with increase m concentration of chromium in
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Fig. 10: Accumulation of chromium 1n root, shoot of tree species

Table 2: Average physicochemical composition of the soil sample and chromium polluted soil

Contaminated soil

Contaminated soil Contaminated soil

Parameters Garden soil (10 mg kg™! chromium) (30 mg kg™! chromium) (50 mg kg™! chromium)
pH 6.65 6.6 6.0 5.43

EC 0.20 0.29 0.39 0.46

Nitrogen 382.00 282.0 282.0 282.0
Phosphorus 280.00 280 275 269
Potassium 75.00 100 130 150

Copper 6.10 6.10 6.10 6.10

Zinc 3.25 3.25 3.25 3.25

Tron 4.15 4.15 4.15 4.5
Manganese 3.17 3.17 3.09 3.4
Chrommium - 10 30 50

All parameters except pH and EC are expressed in mg L™

the soil. The physico-chemical characteristics of  environmental conditions (Sundaramoorthy ez al., 2010).

contaminated and normal soil such as pH, EC and Cu, Zn,
Mn and Cr were analyzed and the results are given in
Table 2. The maximum degradation of chromium was
observed in Pongamia glabra grown soil followed by
Cassia auriculata and the minimum degradation was
observed in Tamarindus indicus, grown soil (Fig. 10). The
uptake of Cr was highest in 50 mg kg™ Pongamia glabra
(root 68.2 and shoot 27.9 pgg™") and it was followed
by Cassia auriculata>Fithecellobium dulce
=Azadirachta indica>Tamarindus indicus (root 49.2 and
shoot 22.5 ug g™). In this study, the highest chromium
concentration was observed in root than shoots of the
above plants after 120 days of growth. A similar trend was
also reported previously (Barbosa et al., 2007, Jean et al.,
2008), that chromium retained m the root present in
soluble form m vacuoles of root cells and chromium in
root protoplast. So, the maximum chromium accumulation
was recorded in root when compared with other parts of
plant. Poor translocation of Cr to the shoot is also
expected, as plant are exposed with form of Cr and the
tendency to accumulate Cr in the roots seems to be a
common phenomenon in all plant species (Yadav ef al.,
2009) and also the bioavailability of metals to plants is
maintained by numerous factors related with soil and
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The metal accumulation by plants can be mainly active or
passive process. It is probably due to binding of metals to
the ligands and it reduced its mobility from roots to aerial
parts (WHO, 1990, Jean et al., 2008). Accumulation of
chromium by various plant species is well studied
(Sinha et ai., 2005). In the study, the leguminous plants
show high degradation and accumulation of chromium
because of plant rhizobacteria. The presence of bacteria
changes the nature of chromium in solubilizing form
{(Abou-Shanab et al., 2003, Ting ef al., 2007, Yadav et al.,
2009). The accumulation of chromium from external
medium into root cells is either due to diffusion of metal
iron along the concentration gradient formed or due to
mass how driven transpiration stream (Greger, 1999). The
same thought reported earlier (Giller ef al., 1998) that
rhizobacteria play important role m recycling of plant
nutrients, mamtenance of soil structure and detoxification
of chemicals, therefore bacteria enhance the remediation
potential of plants.

CONCLUSION

This study 1s focused on the phytodegradation of
chromium by growing five types of tree species. Among
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them, Pongamia glabra accumulated high amount of
chromium in both roots and shoots. Though chromium 1s
more toxic, Pongamia is able to tolerate its high level
presence. All plants used for the study degrade a
considerable amount of chromium to clear the soil
contamination level and reduce environmental risk to
some extent. Finally, the article concluded that nature is
made use of here, in attempting to create a good and
healthy environment.
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