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Most legume species have the ability to establish a symbiotic relationship
with soil nitrogen-fixing rhizobacteria that promote plant growth and
productivity. There is an increasing evidence of reactive oxygen species
(ROS) important role in formation of legume-rhizobium symbiosis and
nodule functioning. Environmental pollutants such as chromium
compounds can cause damage to rhizobia, legumes, and their symbiosis. In
plants, toxic effects of chromium(VI) compounds are associated with the
increased production of ROS and oxidative stress development as well as
with inhibition of pigment synthesis and modification of virtually all
cellular components. These metabolic changes result in inhibition of seed
germination and seedling development as well as reduction of plant
biomass and crop yield. However, if plants establish symbiosis with
rhizobia, heavy metals are accumulated preferentially in nodules
decreasing the toxicity of metals to the host plant. This review summarizes
data on toxic effects of chromium on legume plants and legume-rhizobium
symbiosis. In addition, we discussed the role of oxidative stress in both
chromium toxicity and formation of rhizobial symbiosis and use of nodule
bacteria for minimizing toxic effects of chromium on plants.
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In the current industrial scenario, chromium (Cr) as a metal is of great
importance, but poses a major threat to the environment. Phytoremediation
provides an environmentally sustainable, ecofriendly, cost effective
approach for environmental cleanup of Cr. This review presents the current
status of phytoremediation research with particular emphasis on cleanup of
Cr contaminated soil and water systems. It gives a detailed account of the
work done by different authors on the Cr bioavailability, uptake pathway,
toxicity and storage in plants following the phytoextraction mechanism.
This paper also describes recent findings related to Cr localization in
hyperaccumulator plants. It gives an insight into the processes and
mechanisms that allow plants to remove Cr from contaminated sites under
varying conditions. These detailed knowledge of changes in plant
metabolic pool in response to Cr stress would immensely help understand
and improve the phytoextraction process. Further, this review provides a
detailed understanding of Cr uptake and detoxification mechanism by
plants that can be applied in developing a suitable approach for a better
applicability of the process.
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We systematically compared the impacts of four Cr salts (chromic
chloride, chromic nitrate, potassium chromate and potassium bichromate)
on physiological parameters and chlorophyll fluorescence in indigenous
moss Taxiphyllum taxirameum. Among the four Cr salts, K2Cr2O7
treatment resulted in the most significant decrease in photosynthetic
efficiency and antioxidant enzymes, increase in reactive oxygen species
(ROS), and obvious cell death. Different form the higher plants, although
hexavalent Cr(VI) salt treatments resulted in higher accumulation levels of
Cr and were more toxic than Cr(III) salts, Cr(III) also induced significant
changes in moss physiological parameters and chlorophyll fluorescence.
Our results showed that Cr(III) and Cr(VI) could be monitored
distinguishably according to the non-photochemical quenching (NPQ)
fluorescence of sporadic purple and sporadic lavender images respectively.
Then, the valence states and concentrations of Cr contaminations could be
evaluated according to the image of maximum efficiency of PSII
photochemistry (Fv/Fm) and the quantum yield of PSII electron transport
(ΦPSII). Therefore, this study provides new ideas of moss's sensibility to
Cr(III) and a new method to monitor Chromium contaminations rapidly
and non-invasively in water.
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Abstracts
The efficiency of natural minerals, i.e. zeolite, bentonite and goethite, regarding
the retention of chromium, from maize was examined. Specifically, 1.0 kg of soil,
1.0 g of soil amendment and either 50 mg L−1 Cr(III) or 1 mg L−1 Cr(VI) were
added in plant pots. Then, seeds of maize were cultivated. Each treatment was
repeated three times. The statistical results of the experiments were analyzed by
LSD test. Cr(III) addition in soil has shown that zeolite was the only amendment
that increased the dry weight. Zeolite and bentonite reduced significantly the total
chromium in plants after the addition of 50 mg L−1 Cr(III). The addition of Cr(VI)
in soil has shown that bentonite was the only amendment that increased the dry
weight of biomass and the plants’ height. All soil amendments reduced to zero the
total chromium concentration measured to plants after the addition of
1 mg L−1 Cr(VI).
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Accumulation of Cr(VI) in rice seeds cultivated in Cr-contaminated soil of the
Sundarbans (India) is an environmental problem. Cr(VI) concentration in this
soil was 6.2 ± 0.3 mg/kg, whereas total chromium was 32.04 ± 1.60 mg/kg. A
Cr(VI)-removing bacterium isolated from Cr-contaminated paddy field soil of
Sundarbans was identified asStaphylococcus sciuri. Enrichment culture of S.
sciuri was applied to pot cultivation of rice in Cr-contaminated soil. After
8 weeks, 71 ± 3% Cr(VI) (final concentration 2.15 ± 0.01 mg/kg) and 65 ± 2%
total Cr removal (end concentration 11.3 ± 0.5 mg/kg) were attained in
bacterium-treated soils. Growth parameters indicated healthy development of
plants cultivated in bacterium-treated soils that was not observed in control
plants. Total Cr removal attained in rice seeds of plants cultivated in bacteriumtreated soils compared with control rice seeds was 78 ± 4%. Total Cr
concentration in test seeds was 0.72 ± 0.05 mg/kg (World Health Organization
[WHO] permissible limit: 1.30 mg/kg), whereas the same in control seeds was
3.27 ± 0.16 mg/kg. Cr(VI) reduction achieved in rice seeds cultivated in
bacterium-treated soil compared with control rice seeds was 95 ± 5%. Cr(VI)
concentration in rice seeds cultivated in treated soil was 0.050 ± 0.003 mg/kg,
whereas the same in untreated control was 0.93 ± 0.05 mg/kg. Successful paddy
field soil bioremediation by any Staphylococcus species was demonstrated for
the first time.
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Abstracts
The presence of chromium in soils not only affects the physiological
processes of plants but also the microbial rhizosphere composition
and metabolic activities of microorganisms. Hence, the inoculation of
plants with Cr(VI)-tolerant rhizospheric microorganisms as an
alternative to reduce Cr phytotoxicity was studied. In this work,
chickpea germination was reduced by Cr(VI) concentrations of 150
and 250 mg/L (6 and 33%, respectively); however lower Cr(VI)
concentrations negatively affected the biomass. On the other hand, its
symbiont, Mesorhizobium ciceri, was able to grow and remove
different Cr(VI) concentrations (5–20 mg/L). The inoculation of
chickpea plants with this strain exposed to Cr(VI) showed a
significantly enhanced plant growth. In addition, inoculated plants
accumulated higher Cr concentration in roots than those
noninoculated. It is important to note that Cr was not translocated to
shoots independently of inoculation. These results suggest
that Mesorhizobium’s capability to remove Cr(VI) could be exploited
for bioremediation. Moreover, chickpea plants would represent a
natural system for phytoremediation or phytostabilization of Cr in
situ that could be improved with M. ciceri inoculation. This strategy
would be considered as a phytoremediation tool with great economic
and ecological relevance.
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Herbal preparations used to treat human ailments globally can be
contaminated with various heavy metals (HMs) originating from the
raw materials or from the manufacturing processes. Therefore, we
assessed 22 medicinal plants growing naturally on tannery pollutant
contaminated (Site-C) and non-contaminated (Site-NC) sites for their
ability to accumulate chromium (Cr). The Cr contents in soil and
various plant parts were estimated using an atomic absorption
spectrophotometer. Translocation and bioconcentration factors were
calculated. The soil at Site-C had 27-fold higher concentration of total
Cr than at Site-NC. Chromium accumulation is reported for the first
time in 50 % of the medicinal plants examined and varied
significantly
among
the
sites.
Shoots
of Ricinus
communis andAmaranthus viridis had maximum concentrations of Cr
at Site-C, whereas in Site-NC, none of the plants had Cr accumulation
>30 ppm. Ricinus communis, Amaranthus viridis, andAmaranthus
spinosus had translocation factor (TF) greater than the one in the SiteC andLantana camara had TF >1 in Site-NC. The bioconcentration
factor (BCF) was >1 only forRicinus communis at both the sites. The
majority of the medicinal plants at Site-NC had Cr content exceeding
the permissible limit of 2 ppm suggested for herbal raw material. The
results of the study clearly emphasize the need for screening plants of
therapeutic value for the presence of HMs even when collected from
non-contaminated soils. Moreover, proportional allocation of Cr in
different plant parts provided an insight on the safety of these parts
when specifically used in herbal preparations.
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Agricultural production systems are immensely exposed to different
environmental stresses in which heavy metal stress receives serious
concerns. This study was conducted to explore the deleterious effects
of different chromium (Cr) stress levels,i.e., 0, 30, 60, 90, 120, and
150 μmol L−1, on two maize genotypes, Wandan 13 and Runnong 35.
Both genotypes were evaluated by measuring their growth and yield
characteristics, Cr accumulation in different plant tissues, alterations
in osmolyte accumulation, generation of reactive oxygen species
(ROS), and anti-oxidative enzyme activity to scavenge ROS. The
results showed that Cr stress decreased the leaf area, cob formation,
100-grain weight, shoot fresh biomass, and yield formation, while Cr
accumulation in different maize tissues was found in the order of roots
> leaves > stem > seeds in both genotypes. The increased Cr toxicity
resulted in higher free proline, soluble sugars and total phenolic
contents, and lower soluble protein contents. However, enhanced lipid
peroxidation was noticed in the forms of malondialdehyde, hydrogen
peroxide (H2O2) and thiobarbituric acid reactive substance
accumulation, and electrolyte leakage. The hyperactivity of
superoxide dismutase, peroxidase, catalase, ascorbate peroxidase,
especially glutathione peroxidase and glutathione reductase indicated
that these anti-oxidative enzymes had a central role in protecting
maize from Cr toxicity, especially for Wandan 13. Moreover, higher
uptake and less translocation of Cr contents into the grains of Wandan
13 implied its importance as a potential candidate against soil Cr
pollution.
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