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Abstract
The impact of chromate resistant bacteria Ochrobactrum intermedium, Brevibacterium sp.
and Bacillus cereus was observed on Lens esculenta plant under two different concentration
of K2CrO4 (0 and 300 μg ml-1). Bacterial inoculations enhanced the seed germination while
chromium alone reduced seed germination (60%) and emergence (10%). About 27 and 21%
reduction in root and shoot length was recorded at 300 μg ml-1 of K2CrO4. Chromium salt
drastically reduced root and shoot length, number and weight of grains per pod, and number
and weight of grains per plant, but bacterial strains enhanced these parameters. Plant
accumulates chromium in its root and fewer amounts are transferred into shoot, leaves and
pod.
Keywords: Bacillus cereus, Brevibacterium, Chromium, Ochrobactrum intermedium, Heavy
Metals, Lens esculenta
1. Introduction
Chromate is one of the poisonous polluting metals, discharged from effluents of various
industries like leather tanning, metal finishing industry, alloy preparation (Ozdemir et al.,
2005). Attention has increased from different organizations due to the hazardous impact of
this metal on the biological life (Zayed & Terry, 2003). Many investigators have reported the
deleterious impact of chromate salt on various plant parameters; however, the requirement of
chromium for plant growth is still not understood. In nature chromium mainly exists as
trivalent and hexavalent form. The mobility and uptake of hexavalent chromium is more in
plants and animals as compared to trivalent chromium which is less mobile and bioavailable
(Amezcua-Allieri et al., 2005).
Chromium mostly occurs as Cr (III) and Cr (VI). Cr (VI) is more mobile and permeable to
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cells and is taken up by plants so enters into the food chain (Bluskov et al., 2005). So there
must be some mechanism which limits the hexavalent chromium mobility and permeability.
Various bacterial strains are now identified which can convert hexavalent chromium in-to
trivalent chromium (Mabbett et al., 2002). Bacterial strains residing in the soil especially near
the vicinity (rhizosphere) of plants helps their growth parameters by providing more minerals
protection against harmful pathogens and enhancing their plant growth parameters (Kapulnik,
1996). Heavy metals released from the industrial accumulate in the residing agricultural soil
which becomes hazardous for living fauna and flora (Bhogal et al., 2003). These metals are
accumulated in our body when we used crops which are grown in such metal contaminated
soil and ultimately cause chronic diseases (Soisungwan et al., 2003). Trivalent chromium is
considered as important micronutrient for human body but it is less toxic (Bahijri & Mufti,
2002) as compared to hexavalent chromium which is toxic, mutagenic and carcinogenic
(Ortegel et al., 2002). Several investigators have reported the positive impact of bacterial
inoculation on plant growth. In this study we will check the impact of chromate
resistant/reducing bacterial strains was observed on different morphological and biochemical
parameters of plant in presence of chromium.
2. Methods
2.1 Bacterial Strains Used
Three chromate reducing strains (Ochrobactrum intermedium, Brevibacterium and Bacillus
cereus) already identified by Faisal and Hasnain (2004, 2005) were tried to inoculate the Lens
esculenta seed in the field experiments. These strains were isolated from effluents of
tanneries. Strains were maintained on nutrient agar plates supplemented with 1000 μg ml-1of
K2CrO4 in acetate minimal medium (Pattanapipitpaisal et al., 2001).
2.2 Germination Experiments
Certified seeds of Lens esculenta were collected from NARC, Islamabad, Pakistan. Seeds
were surface sterilized in 5% sodium hypochlorite solution for 5 minutes and then completely
rinsed with distilled water thrice. Chromium was used as Cr (VI) salt K2CrO4 with a
concentration of 300 μg ml-1. Seed were inoculated with bacterial strains for dipping the seed
in bacterial suspension for 15 minutes. Control seed were dipped in glass distilled water for
the same time period. Seeds were sown uniformaly. The pots were watered regularly and seed
germination and seedling emergence was recorded regularly. After maturity plants were
harvested and various parameters (root length, shoot length, weight and number of grains per
pod as well as the weight and number of grains per plant) were measured. For chromium
estimation Lens esculenta seedlings were washed and oven dried at 80°C for 24 hours. This
oven dried material was crushed following Humphries (1975). Chromium content was
estimated by using the classical spectrophotometric method following Rand et al. (1979).
Trivalent chromium was estimated by first oxidizing it in to hexavalent chromium with
KMnO4 and then by using the above described spectrophotometric method.
3. Results
3.1 Seed Germination
Reduction of 60% was observed in seed germination in case of chromium supplemented
control with respect to non inoculated control (Table 1). Strains Ochrobactrum intermedium,
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Brevibacterium and Bacillus cereus increased the germination 6, 9 and 12%, respectively, as
comparison to un-inoculated controls. At 300 μg ml-1 of chromium stress, almost 20, 40 and
40%, increases in seed germination were observed with strains Ochrobactrum intermedium,
Brevibacterium and Bacillus cereus, respectively. Maximum stimulation (48%) in seed
germination was obtained in case of mix inoculation under chromium stress (Table 1).
Table1. Effect of inoculation of chromium resistant bacteria on seed germination, Seedling
emergence, Root and shoot length of Lens esculenta plant at 0 and 300 μg ml-1 K2CrO4
concentrations (Means of three replicates)
Strains
Control
O. intermedium
Brevibacterium sp
B. cereus
Mix culture

Seed germination (%)
300
0
-1
μg ml-1
μg ml
80±4.1
50±3.2
85±3.8
60±2.8
87±5.1
70±3.0
90±3.7
70±3.0
95±4.0
95±2.7

Seed emergence
0
300
-1
μg ml
μg ml-1
50±2.8
45±2.5
70±3.0
60±4.2
80±2.4
70±±3.8
90±4.0
70±2.8
90±3.8
80±4.5

3.2 Seedling Emergence
A reduction of 10% was observed in percentage emergence in case of chromium stressed
control. Bacterial inoculation caused an early seedlings emergence as comparison to
un-inoculated controls. Strain B. cereus increased the percentage emergence 80%, with
respect to its controls. Mixed culture showed more effect on this entire factor, while O.
intermedium showed less in this regard (Table 1).
3.3 Root Length
About 27.2% reduction in root length was noticed under chromate stress as compared to
non-inoculated control (Table 2). Three strains showed different effect on the plant
individually. At 0 μg ml-1 of chromium, B. cereus proved more effective as compared to other
two strains and it was proved that it increased the root length by 32%, while with mixed
culture, Brevibacterium and O. intermedium enhanced the root length 36.8, 18.4 and 12.6%,
respectively. Almost same trend was observed under chromium stress.
3.4 Shoot Length
In case of shoot length there was a decrease of 21% under chromium stress as compared to
control. All strains enhanced this growth parameter both under chromium stress and without
stress. At 0 μg ml-1 of chromium, O. intermedium, Brevibacterium, B. cereus and mixed
culture enhanced the shoot length 11.4%, 10.9%, 12.6% and 14.7%, respectively (Table 2).
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Table 2. Effect of inoculation of chromium resistant bacteria on root and shoot length of Lens
esculenta plant at 0 and 300 μg ml-1 K2CrO4 concentrations (Means of three replicates)
Strains
Control
O. intermedium
Brevibacterium sp.
B. cereus
Mix culture

Root length (cm)
0
300
-1
μg ml
μg ml-1
10.3±0.7
7.5±0.1
11.6±0.6
8.3±0.2
12.2±0.5
8.7±0.3
13.6±0.7
7.5±0.2
14.1±0.5
9.5±0.1

Shoot length (cm)
0
300
-1
μg ml
μg ml-1
10.3±0.7
7.5±0.1
11.6±0.6
8.3±0.2
12.2±0.5
8.7±0.3
13.6±0.7
7.5±0.2
14.1±0.5
9.5±0.1

3.5 Number of Pods Per Plant
50% reduction in number of pods was noticed under chromate stress as compared to without
stress (Table 3). These strains proved stimulatory effect on this parameter. Brevibacterium
increased the number of pods up to 50% and rest of the three strains increased this parameter
up to 100%. Under chromium stress bacterial inoculation was most effective (Table 3).
Table 3. Effect of inoculation of chromium resistant bacteria on number of pod plant-1 and
number of grain pod-1 of Lens esculenta at 0 and 300 μg ml-1 K2CrO4 concentrations (Means
of three replicates)
Number of pod plant-1 Number of grain pod-1
Strains
0
300
0
300
-1
-1
-1
mg ml
mg ml
mg ml
mg ml-1
2±0.08
1±0.06
1±0.05
0±0.0
Control
4±0.09
4±0.07
2±0.06
0±0.0
O. intermedium
3±0.07
3±0.08
2±0.04
1±0.04
Brevibacterium sp
4±0.07
2±0.06
3±0.08
0±0.0
B. cereus
4±0.1
3±0.1
2±0.09
1±0.03
Mix culture
3.6 Number of Grains Per Pods
In case of number of grains per pod under hexavalent chromium stress, a 100% reduction was
recorded. At 0 μg ml-1 of chromium O. intermedium, Brevibacterium and mixed culture
showed an increase of 100% in number of grains, while B. cereus gave an increment of 200%
for this parameter (Table 3). Under hexavalent chromium stress strain O. intermedium and B.
cereus did not show any impact in number of pods while Brevibacterium and mixed culture
showed an increase of 100% when compared to non-inoculated respective control.
3.7 Weight of Pods Per Plants
Almost 32% reduction in the weight of pod was observed under chromium stress. The
inoculation of these strain enhanced the weight of pods in both under chromium stress and
without stress. Without chromium stress O. intermedium and mixed culture showed an
increase of 16.6% in weight of pods per plant, while B. cereus and Brevibacterium showed an
48
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increase of 33.33 and 31.42%, respectively (Table 4).
Table 4. Effect of inoculation of chromium resistant bacteria on weight of pod plant-1 and
weight of grain pod-1 of Lens esculenta at 0 and 300 μg ml-1 K2CrO4 concentrations (Means
of three replicates)
Weight of pod plant-1
(g)
Strains
0
300
-1
mg ml
mg ml-1
0.030±0.002 0.02±0.001
Control
O. intermedium 0.035±0.004 0.029±0.001
Brevibacterium sp 0.046±0.003 0.029±0.001
0.04±0.001 0.029±0.002
B. cereus
0.035±0.002 0.025±0.001
Mix culture

Weight of grain pod-1
(g)
0
300
-1
mg ml
mg ml-1
0.030±0.002 0.02±0.001
0.035±0.004 0.029±0.001
0.046±0.003 0.029±0.001
0.04±0.001 0.029±0.002
0.035±0.002 0.025±0.001

3.8 Weight of Grains Per Pods
In case of this parameter 100% reduction was observed in control plants under chromium
stress. The inoculation of these strain enhanced the weight of grains to different extents in
both type of treatments. Under hexavalent chromium stress mixed culture and Brevibacterium
showed 12% and 14% increase in weight of grains per pod, respectively, while other strains
showed no effect (Table 4).
3.9 Weight of Grains Per Plant
A reduction of 25% in total grain weight was recorded in chromate stress in comparison to
chromate free control. At 0 μg ml-1 of chromium, mixed culture and Brevibacterium increased
the grain weight up to 10% while strains Ochrobactrum intermedium and Bacillus cereus
increased up to 7 and 10%, respectively. In case of chromium stress, inoculated plants
showed increase in weight of grain per plant from 25 to 35%.
3.10 Chromium Content
Chromium content was measured by Humphries (1975) method to check the chromium level
in different parts and its reduction. Bacterial inoculation caused a reduction in chromate
uptake in plants roots as compared to un-inoculated control (Figure 1). Optimum
accumulation of chromate was observed in root and then in shoot, leaves and pods. Almost 80
to 90% less chromium was detected in root of inoculated plants as compare to control. Here it
was obvious that all the strains successfully reduced most bioavailable hexavalent chromium
in to trivalent chromium. A significant reduction in chromium content of shoots was observed.
A reduction (60 to 80%) in chromium content was observed in inoculated plants in
comparison to control. All strains reduced chromium to a greater extent and there was
11.05% less chromium in shoot than leaves. In leaves a significant reduction of chromium
was observed (Figure 1).
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Figure 1. Effect of inoculation of Cr(VI)-reducing bacteria on chromate uptake (mg Cr g-1 dry
weight) in lens plants when initially supplied with 300 µg ml-1 of K2CrO4
3.11 Statistical Analysis
Results obtained in these experiments were analyzed statistically following Steel and Torrie
(1981).
4. Discussion
In the present investigation three chromate reducing bacteria (Ochrobactrum intermedium,
Brevibacterium and Bacillus cereus) which were previously isolated by Faisal and Hasnain
(2004, 2005. These strains exhibit very high level resistance against chromium in rich and
minimal medium. Majority of them could tolerate up to 40 mg K2CrO4 ml-1 on nutrient agar
and 2-10 mg K2CrO4 ml-1 in acetate-minimal medium. These strains could tolerate high level
of chromate in both media. Camargo et al. (2003) isolated chromate resistance Bacillus which
can tolerate up to 2.5 mg Cr (VI) ml-1. Strains reported by Kourtev et al. (2007) showed a
resistance level of 10 mM of K2CrO4.
Plant microbe interaction is now days getting much importance. These strains showed
improvements in different growth aspects Lens esculenta. In this study, effects of chromate
salts and different bacterial strains were observed both under chromium stress and unstressed
conditions in pot experiments. Seed germination of Lens esculenta was adversely affected
due to application of chromate salt (hexavalent). Beside this others workers also documented
the adverse impact of chromate salt on seed germination (Manjula & Podile, 2005). Cobalt
and chromate caused a reduction in seed germination at the highest concentration and
significantly retard radicle growth which may be due to toxic impact of chromium and cobalt
on the efficacy of amylases and its movement of sugars to the Phaseolus vulgaris embryo
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axes (Zeid, 2001).
The effect of hexavalent chromium salt was much severe on the non-inoculated plants.
Inoculated seed have more germination percentage as compared to un-inoculated controls.
Under chromium stress all three strains significantly improve seed germination in comparison
to un-inoculated controls. Enhanced seed germination in cereals and some vegetable was
noticed when inoculated with bacteria (Domenech et al., 2006; Faisal & Hasnain, 2005).
Marked reduction in root length was noticed in chromate treated plants while bacterial
inoculation gives some enhancement in this parameter even in the presence of chromate.
Same results were observed in case of shoot length. Significant decrease in yield parameters
was observed with 300 μg ml-1 of chromium stress in comparison to control. In Bacopa
monnieri chromium salt caused a reduction in the various biochemical parameters in pot
experiments (Pande et al., 2007). In Vigna radiata chromium drastically affect the yield
parameters as compared to chromium free controls (Faisal & Hasnain, 2005). Much amount
was accumulated in the root part while little amount of chromium was transferred to shoot
and leaves. Hexavalent chromium can easily cross the biological membranes and in root cells
it is converted in to trivalent chromium which is less mobile. More amounts of various metals
is accumulated in lower part of plants such as root while less amount was transferred to the
upper parts that is leaves and shoot (Citterio et al., 2003).
These three strains (Ochrobactrum intermedium, Bacillus cereus and Brevibacterium sp)
lessen the toxic impact of chromate by decreasing the availability to the plants by converting
the toxic hexavalent chromium into less toxic trivalent chromium.
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