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ABSTRACT

Heavy metal pollution of soil is a significant environmental problem and has its negative impact on human
health and agriculture. Treatment of cowpea (Vigna unguiculata (L.) Walp) with different concentrations of
chromium (III) oxide (Cr2O3) decreased the germination and early growth of plants. This effect was dose-
dependent and was more significant at higher doses of Cr2O3. Chromium trioxide application significantly
retarded germination, morphological and biochemical parameters compared to untreated control plants.
Application of Pseudomonas fluorescens reduced the inhibitory effect of Cr2O3 by increasing the germination
vigour at various level of concentrations. These results help to understand possible use of Pseudomonas
fluorescens in bioremediation.
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INTRODUCTION

Man is exploiting the natural resources for his own interest
and many such instances are there indicating that man has
disturbed the natural balance for the sake of small benefits.
He has changed the environment of many places to such an
extent that they are not fit for inhabitation by living beings.
Pollution is ‘necessary evil’ of  all development. There are
many pollutants, which cause the pollution.

With the development of industries, mining activities,
application of wastewater and sewage sludge on land, heavy
metal pollution of soils is increasingly becoming a serious
environmental problem. One of the largest problems associ-
ated with the persistence of heavy metals is their potential
for bioaccumulation and biomagnification in the organisms.

Bioremediation can be defined as any process that uses
microorganisms, fungi, green plants or their enzymes to re-
turn the natural environment altered  by contaminants to its
original condition. It may be employed to attack specific soil
contaminants, such as degradation of chlorinated hydrocar-
bons by bacteria. Bioremediation technologies can be gen-
erally insitu or ex situ.

Chromium (Cr) is one of the most important heavy met-
als capable of bioaccumulation. Heavy metal phytotoxicity
is considered to be main factor for limiting plant growth and
crop cultivation on acid soils. Acid soils comprise large area
of world’s agricultural regions, where chromium is consid-
ered to be a strong toxic element. El-Bassam (1978) reported
that low Cr3+ concentration promote plant growth  and also

stimulate chlorosynthetic and photosynthetic activity. The
effect of such heavy metal chromium (Cr) on plants varies
with concentration and also with plant species. Plant selected
for this study is in the category of vegetable crops, Vigna
unguiculata (L.) Walp (cowpea).

Vegetable crops in the vicinity of heavy metals have a
risk of contamination of chemicals. The present study was
carried out to determine the effect of chromium on seed ger-
mination, plant growth and chlorophyll contents of Vigna
unguiculata, and the retardation of toxic effects of chromium
by the application of Pseudomonas fluorescens.

MATERIALS AND METHODS

In order  to  comply with the objective proposed in the study,
it was necessary to have a pot culture experiments. A brief
presentation of the materials and  methods employed to this
context is presented under appropriate heads.
Plant material: The  plant material selected for the  present
study is in the category of vegetable crops, Vigna unguiculata
(L.) Walp (cowpea), a member of the Family Fabaceae.
Soil: Soil was selected from household regions and 2kg of
soil was taken in each polythene bag.
Seeds: Seeds were collected from Regional Agricultural Re-
search Station, Pattambi, which were  hybrid variety pro-
duced by them. Viable seeds were used for the germination,
morphological and biochemical analysis. Pseudomonas
fluorescens was also collected from this research station.
Heavy metal (chromium): Solution of chromium (III) oxide
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was prepared in distilled water. Five different concentrations
of the heavy metal were prepared in i.e., 1mM, 5mM, 10mM,
20mM and 30mM (milli molar). The parameters used for
the study were:
Germination studies

a. Germination percentage; b. Vigour index;
c. Phytotoxicity; d. Growth index

Morphological studies
a. Height of the plant; b. Length of the root
c. Stomatal index; d. Number of the leaves;
e. Leaf area; f. Net productivity

Biochemical studies
Quantitative estimation of total chlorophyll content, af-

ter acetone extraction of the pigments from fresh leaves, was
made by the method prescribed by Arnon (1949). All pa-
rameters were studied and compared with control.
Germination study: The germination study was conducted
in April under room temperature. Sterilized Petri dishes were
used for this treatment and the concentrations taken were
1mM, 5mM, 10mM, 20mM and 30 mM of chromium. Sur-
face sterilized seeds (25 number) were soaked for 12 hours
in respective concentrations of chromium trioxide solutions
and kept for germination in sterilized Petri plates lined with
Whatman No. 1 filter paper moistened with the solutions.
Thin layer of cotton was used for keeping moisture. The con-
trol seeds were raised in  distilled water. Triplicates were
maintained for each treatment.

Similarly, the effect of concentration of the metal with
Pseudomonas fluorescens was determined on 25 seeds of
cowpea (Vigna unguiculata). Seeds were sterilized by
immersion in a mercuric chloride solution for 2 minutes
followed by 5 times washing in double distilled water and
placed for incubation for 24 hours. The seeds were then
soaked in Pseudomonas suspension for 12 hours. Seed
germination experiments were  performed with Pseudomonas
fluorescens in Petri dish over  the surface of Whatman No. 1
filter paper moistened with  heavy metal solution of
chromium (Cr). The control seeds with Pseudomonas were
raised in distilled water, where also triplicates were
maintained for each treatment.

The treated seeds were kept under observation for 5 days.
The percentage of germination, radical length and hypocotyl
length were noted after 5 days incubation. Germination per-
centage, vigour index, leaf area, stomatal index, growth in-
dex and net productivity were also determined.
Morphological study: The selected seeds were sown in seed
beds, started germination and the seedling reached 3-4 leaved
condition. Five to six  seedlings were transplanted to

polythene bags filled with  potting mixture. Triplicates were
kept for each bag for each  concentration of chromium (Cr).
The concentrations 1mM, 5mM, 10mM, 20mM  and 30mM
were used for treatment.  The plants were placed in shade
and well protected. The  interval and volume of treatment
were noted.

Similarly, the effects of concentration of metal with  Pseu-
domonas fluorescens were studied on Vigna unguiculata.
Selected seeds were sown in seed beds, then started germi-
nation and seedling reached two leaved condition. They were
transplanted to polythene bags filled with potting mixture
containing soil, fertilizer (cow dung) and Pseudomonas
fluorescens. Triplicates were kept for each polythene bag.
The concentrations were 1mM, 5mM, 10mM, 20mM and
30mM used for the treatment. The plants grow in the  same
condition as for previous experiment. The interval and vol-
ume of treatment were noted.

Morphological parameters like height of the plant, length
of the root, number and size of the leaves, leaf area and sto-
matal  index were studied in different concentrations.

RESULTS, DISCUSSION AND CONCLUSION

The results of the study are given in Tables 1-7 and Figs.
1-13. Impact of pollutants on ecosystems and human health
is an urgent and international issue, since there is an
everincreasing number of examples of environmental dis-
turbance, likely  to affect the biota and humans by both natu-
ral and anthropogenic stress. When heavy metal ions are
present at elevated  levels in water and soil, they are readily
taken up by plants  and accumulate in different parts thereby
inducing impaired metabolism and reduced growth (Ernst
1980). The  principal objective of this work was to attempt
using cowpea  (Vigna unguiculata) for the effect of chro-
mium and  biocontrol bacteria, Pseudomonas fluorescens to
induce  heavy metal tolerance in cowpea  plants grown un-
der heavy  metal stress.

Presence of chromium in soil influence the  plants at the
contaminated site. Similar type of chromium  accumulation,
transport and toxicity in plants were studied earlier by Smith
et al. (1989). Chromium is not considered as an essential
trace element, without any participation in the plant metabo-
lism (Dixit et al. 2002). However, at toxic levels, it can af-
fect growth and cause permanent damage to the root system
(Soccianti et al. 2006). The growth of the plant showed the
inhibitory effect of chromium. Chromium is considered
strongly toxic because its compounds in soils are more or
less insoluble as the metal ions are tightly bound to humus
and clay particles. Its availability to the  plants is generally
low as the mobility is relatively decreased with increasing
pH. Mengal & Kirkby (1987) reported that 0.5ppm of chro-
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mium as Cr+3 stimulated growth in hydroponic experiment
with maize whereas growth was inhibited at 5 ppm and
strongly affected at 50ppm. Seeds were treated with differ-
ent concentrations of chromium showed various  degrees of
germination. An initial stimulation of germination at lower
concentration was explained by parallel works of Sharma
1992, Abbasi et al. 2001, Ayaz et al. 1966 and Liza 1997.

The overall seedling growth is affected at higher con-
centration of chromium solution. Toxic effect of chromium
on plants is evident with reduction of shoot-root ratio. Acco-
rding to the work of Gupta & Nathawat (1992), with increas-
ing concentration of effluent, there was decrease in root
length and shoot length. In the present study, there was slight
reduction in the shoot and root length from lower to higher
concentration.

Sharma & Saran (1992) in black gram and Asha Arora
and Katewa (1999) in ethno food grasses screened tolerance
and toxicity of heavy metals, using the parameters

phytotoxicity, vigour index and growth index. In present
study,   phytotoxicity was found to be slightly increasing
with higher  concentration and vigour index exhibited
varying values for  different concentrations. Similarly, higher

Table 1: Effect of  chromium on the germination in Vigna unguiculata.

S.No. Concentration  Germination Vigour Radicle Hypocotyl Growth Phytotoxicity
(mM) percentage (%) Index length (cm) length (cm) Index

1 Control 100 172 4.8 4.6 - -
2 1 mM 66.6 130.5 4.1 3.6 0.88 16.4
3 5 mM 64 117.3 3.8 2.5 0.85 33.23
4 10 mM 52 100.87 2.9 1.8 0.71 34.7
5 20 mM 24.4 51.2 2 1.8 0.61 35.7
6 30 mM 18.6 23.06 1.2 1 0.44 36.1

Table 2: Effect of chromium on the morphological parameters of Vigna unguiculata.

Sl.No Concentration Height Length Number Net Stomatal Leaf
(mM) of plant (cm) of root (cm) of leaves productivity index area

1 Control 32.12 5.7 4 0.12 0.2 5.4
2 1mM 28.97 5.6 4 0.1 0.4 5.1
3 5mM 28.17 5.5 4 0.1 0.5 4.8
4 10mM 23.48 5.3 3 0.09 0.6 4.5
5 20mM 21.22 5.2 2 0.06 0.8 3.5
6 30mM 20.16 4.5 2 0.04 0.9 3.3

Table 3: Effects of chromium in the chlorophyll content in Vigna
unguiculata.

Sl. Concent- Chlorophyll-a Chlorophyll-b Total Chlorophyll
No. rations (mM) (mg/g fr.wt) (mg/g fr.wt) content

(mg/g fr.wt)

1 Control 0.3175 0.3980 0.7160
2 1mM 0.3172 0.3980 0.7150
3 5mM 0.3172 0.3980 0.7150
4 10mM 0.2770 0.2905 0.5680
5 20mM 0.2770 0.2900 0.5670
6 30mM 0.1820 0.1970 0.3790

Fig. 1: Effect of Cr on germination percentage of V. unguiculata, before
and after treatment with P. fluorescens.

Fig. 2: Effect of Cr on Vigour index of V. unguiculata, before and after
treatment with P. fluorescens.
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concentration of chromium in morphological study, inhibit
the various metabolic process, retarding growth and
development in plants.   The present study corroborates the
work of earlier workers,  Iqbal &Khudsar (2000) were of
opinion that supra optimal  concentrations of heavy metals
inhibit various metabolic processes and thereby retarding
growth and development in  plants.

Reduced chlorophyll content seems to affect photosyn-
thetic efficiency. According to the work of Subrahmanyam
(2008), Cr (VI) significantly reduced the rates of net photo-
synthesis, transpiration and stomatal conductance. The
present study corroborates with the work of earlier worker,
Panda (2003) who was of the opinion that inhibition of seed
germination, degradation of photosynthetic pigments,
changes in nutrient balance and induction of oxidative stress
are other effects on plants under toxic effect on chromium.

In the second experiment, Pseudomonas fluorescens
reduced the effect of chromium in Vigna unguiculata.
According to Ohtake et al. (1987) there is decreased chromate

uptake in Pseudomonas fluorescens carrying a chromate
resistance in plasmid. Detoxification of chromium by P.
fluorescens is also reported by (Appana et al. 1996).

Pseudomonas sp. had a plant growth promoting capabil-
ity and shows the significance in the management of envi-
ronmental and agricultural problems. The present study com-
pared with the works of earlier authors (Rajkumar et al. 2005)

Table 4: Effect of chromium on the germination studies in Vigna unguiculata after treatment with Pseudumonas fluorescens.

Sl. Concentration Germination Vigour- Radicle Hypocotyl Growth Phyto
No. (mM) percentage (%) Index(cm) Length (cm) Length (cm) Index  toxicity

1 Control 100 427 4.9 4.8 - -
2 1mM 98.6 303 4.8 3.8 0.98 0.98
3 5mM 92 296 4 2.9 0.96 0.96
4 10mM 89.3 292 3.8 2.2 0.95 0.95
5 20mM 88 285.94 3.6 2.1 0.95 0.95
6 30mM 77.3 264.96 3 1.5 0.94 0.94

Table 5: Effect of chromium on the morphological parameters inVigna unguiculata after treatment with Pseudomonas fluorescens.

Sl. Concentration Height of Length of No.of Net productivity Stomatal Leaf
No. (mM) Plant (cm) Root (cm) Leaves (g/day)  Index area

1 Control 33.13 6.2 11 0.12 0.1 5.9
2 1mM 29.97 5.9 9 0.1 0.3 5.2
3 5mM 29.28 5.7 9 0.09 0.4 4.9
4 10mM 24.52 5.4 6 0.09 0.5 4.1
5 20mM 24.22 5.4 5 0.08 0.7 3.6
6 30mM 23.1 4.8 5 0.05 0.8 3.3

Table 6: Effect of chromium on chlorophyll conent in Vigna unguicuata
after treatment with Pseudomonas fluorescens.

S. Concent- Chlorophyll-a Chlorophyll-b Total Chlorophyll
No. rations (mM) (mg/g fr.wt) (mg/g fr.wt) content

(mg/g fr.wt)

1 Control 0.4620 0.5430 1.0060
2 1mM 0.4620 0.5430 1.0056
3 5mM 0.4620 0.5430 1.0050
4 10mM 0.3770 0.4720 0.8504
5 20mM 0.3770 0.4720 0.8490
6 30mM 0.2930 0.3950 0.6890

Fig. 4: Effect of Cr on phytotoxicity of V. unguiculata, before and after
treatment with P. fluorescens.

Fig. 3: Effect of Cr on Growth index of V. unguiculata, before and after
treatment with P. fluorescens.
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Table 7: Correlation coefficient (r) for germination percentage in Vigna unguiculata.(L).Walp, before and  after treatment with Pseudomonas fluorescens.

Sl. Concentrations Effect of Effect of  Cr on GP                             Correlation coefficient (r)
No (mM) Cr on GP.(%) after treatment with

P.fluorescens (%)

1 1mM 66.6 98.6     Chromium (Cr). Pseudomonas fluorescens
2 5mM 64 92     - 0.9739    - 0.95003
3 10mM 52 89.3
4 20mM 24.4 88
5 30mM 18.6 77.3

shown the characterization of a novel Cr6+ reducing Pseu-
domonas sp. with plant growth promoting potential.

The  correlation coefficient (r-values) for germination
percentage were calculated and are presented in Table 7. The
r-value varies in the range of -0.95003 to -0.9739 depending

upon the set of parameters considered. The highly negative
values indicate that when the concentration increases, the
germination value decreases. In the present study when the
concentration of chromium increases, the germination value

Fig. 5: Effect of Cr on radicle length of V. unguiculata, before and after
treatment with P. fluorescens. Fig. 6: Effect of Cr on hypocotyl length of V. unguiculata, before and

after treatment with P. fluorescens.

Fig. 7: Effect of Cr on height of plant of V. unguiculata, before and after
treatment with P. fluorescens. Fig. 8: Effect of Cr on length of root of V. unguiculata, before and after

treatment with P. fluorescens.

Fig. 9: Effect of Cr on number of leaves of V. unguiculata, before and
after treatment with P. fluorescens.

Fig. 10: Effect of Cr on leaf area of V. unguiculata, before and after
treatment with P. fluorescens.

Concentration (mM)
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also decreases. It indicates that the chromium retards the
growth of the plant and the correlation study supports the
view that the highest concentrations of chromium drastically
affect the seed germination of V. unguiculata. Although in
the II experiment, the correlation value of GP was negative,
slightly decrease than that of I experiment shows that the P.
fluorescens reduce the inhibitory effect of chromium.

From the result of the present study, it can be concluded
that the chromium is offensively toxic to Vigna unguiculata.
But in treatment with Pseudomonas fluorescens, the toxic
effect of chromium is reduced. These results also help to
understand their possible use in bioremediation. Overall,
Pseudomonas fluorescence has a plant growth promoting
capability showing the significance in management of envi-
ronmental and agricultural problems.
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