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Uptake of chromium in water hyacinth (Eichhornia crassipes) and its impact
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Abstract

The present study was conducted to assess the accumulation of chromium in water hyacinth plant (Eichhornia crassipes)
through its growing medium. The water hyacinth plant was collected from pond and treated with different concentration
of K,Cr,07, The effect of chromium accumulation on growth and biochemical parameters of plant was observed. The
results revealed that the heavy metal uptake by plant root was increased with increase in concentration of Cr in test
solution while the translocation of absorbed Cr was very low to other part of plant in comparison to root. Relative growth
rate, biomass productivity, total chlorophyll and carotenoid content were reduced with increased concentration of Cr in
test solution. However, ascorbic acid concentration showed negative correlation with other parameters. It was found to be
increased with increasing concentration of Cr in test solution. Proline content in plant showed a different trend. It initially

increased with increase in Cr concentration in test solution and time and then followed a decreasing order.

Key Words: Bioconcentration factor, Biochemical parameters, Chromium, Translocation factor, Water hyacinth

Introduction

Soil and water in many parts of world are polluted
by all kinds of chemical and toxic heavy metals
because in several countries effluents are often
disposed directly into the surface waters. A heavy
metal is toxic when relatively it is dense metal or
metalloid that is noted for its potential toxicity,
especially in environmental context. Heavy metal
toxicity means excess of required concentration or
it is unwanted which were found naturally on the
earth and becomes concentrated as a result of
human caused activities (Asati et al., 2016). Many
industries  such  textile, metal producing,
electroplating, battery and cable manufacturing,
mining, tannery, steel and automotive textile
release heavy metals such as chromium, cadmium,
copper, nickel and lead in wastewaters. These
heavy metals may be toxic to aquatic ecosystems
and human health and they also accumulate in
plants. The accumulation of these heavy metals in
plants causes physiological and biochemical
changes (Srinivas et al., 2013).Chromium is known
to be a toxic metal that can cause severe damage to
plants and animals. Chromium induced oxidative
stress involves induction of lipid peroxidation in
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plants that causes severe damage to cell
membranes. Oxidative stress induced by chromium
initiates the degradation of photosynthetic pigments
causing decline in growth. High chromium
concentration can disturb the chloroplast ultra
structure there by disturbing the photosynthetic
process (Peralta et al., 2001). Eichhornia crassipes,
commonly known as water hyacinth, is a flowering
monocot and an aquatic weed species of family
Pontederiaceae, originally native to tropical and
subtropical South America. It has a cosmopolitan
distribution but is found mostly in the warmer
regions of the world. The plant has fast growth,
large biomass and tolerance for many
metals/metalloids (Das et al., 2016). Thus keeping
above things in mind, the present study was
conducted to assess the effect of chromium on
growth, biochemical parameters and its uptake in
water hyacinth.

Material and Methods

In order to assess the impact of chromium metal on
growth and biochemical structure of water
hyacinth, the healthy grown plants of water
hyacinth excavated along with its root from pond
and transferred into separate aquarium containing
different concentration of potassium dichromate
solution.
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Plant material

Water hyacinth (E. crassipes) was randomly
collected from a pond located in Roorkee,
Uttarakhand. The collected plants were washed
thoroughly with tap water to remove the residual
particles, any epiphytes and insect larva grown on
plants. The collected plants were placed in an
aquarium filled with tape and pond water in the
ratio of 1:1.

Experimental Setup

Potassium dichromate solution was prepared in
three different concentrations i.e. 10 ppm, 25 ppm
and 50 ppm. Five liter of each concentration
solution was filled in separate aquarium of 6 liters
capacity. Triplicate of each concentration was
maintained. A separate aquarium for control study
was also set up filled with tap water only. Water
hyacinth collected from pond was placed in these
aquariums. The study was conducted for 21 days.
Water hyacinth samples were collected at 7", 14"
and 21* days of experimental period.

Analytical Method

The collected water hyacinth plant samples were
separated into root and shoot. The relative growth
of plant was measured by the method used by (Lu
et al., 2004). Biomass productivity was analysed by
(Chorom et al., 2012). Chlorophyll content of plant
was measured by method followed by (Arnon,
1949); carotenoid by (Kirk and Allen, 1965),
ascorbic acid (Sadashivam and Balasubramanium,
1987). While moisture content and proline content
were analysed by method used by Bates et al.
(1973). The chromium concentration accumulated
in plants was measured by AAS. Physico chemical
properties and chromium concentration of water
used in present study was analysed by referring
standard method (APHA, 2005).

Results and Discussion

Chromium uptake and translocation by water
hyacinth plant

Chromium can be absorbed by plants both as Cr
(IID or Cr (VI), but there is no specific mechanism
for Cr uptake. However, it is taken up by other non
specific carriers along with the uptake of essential
elements and water (Shankeret al., 2005b). The
uptake of Cr from aqueous media depends upon the
pH, oxidative state of Cr and its concentration,

salinity and the presence of dissolved salts (Babula
et al., 2008). In present study the chromium uptake
by roots of water hyacinth plant placed in 10 ppm
solution of Cr was found as 6.83+1.21 ppm while in
25 ppm solution of Cr, uptake was 16.02+1.29
ppm. However, plant roots placed in 50 ppm
solution absorbed Cr concentration as 34.35%6.62
ppm. The absorption of chromium by water
hyacinth plant was found to be increasing with
increase in time period and concentration of Cr in
aquarium water (Table 1). The chromium
concentration translocated from root to shoot was
found as 0.33+0.04 ppm in the condition when
plant was placed in solution containing 10 ppm of
Cr. While the plants placed in Cr solution of 25
ppm, translocated concentration of chromium was
0.8920.05 ppm and in case of 50 ppm Cr solution,
translocation of chromium was found as 1.65+0.29
ppm. Translocation of chromium observed to be
slightly increased with time and concentration of Cr
in aqueous media in aquarium (Table 1).
Bioconcentration and translocation factor
Bioconcentration factor (BCF) refers to the
chemical concentration of a substance in an
organism’s tissue, divided by its equilibrium
concentration in water expressed in equivalent units
(Alexander, 1999). Bioconcentration factor in water
hyacinth plant placed in aqueous media containing
10 ppm of Cr was found to be 0.68+0.12. Plants
placed in aqueous solution having chromium
concentration of 25 ppm showed the
bioconcentration factor of 0.64+0.05 while plants
exhibited bioconcentration factor as 0.68+0.13
placed in aqueous solution having chromium
concentration of 50 ppm. Bioconcentration factors
found to be increased with time period but there
was no trend observed with increasing
concentration (Table 2).The ability of plant to
translocate metals from the roots to shoots is
measured by calculating translocation factor which
is defined as the ratio of metal level in the shoots to
that in the roots (Mganga, 2014). Translocation
factor (TF) of chromium from root to shoot in water
hyacinth plant placed in aqueous solution having 10
ppm of Cr concentration, observed in the range of
0.047+0.004. While TF of plant placed in aqueous
solution of 25 ppm Cr was 0.055£0.001 and in
water hyacinth plants placed in 50 ppm Cr solution
TF was 0.047+0.002 (Table 2). The mobility of Cr
from root to shoot was found in very low
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Table 1. Chromium uptake by water hyacinth (E. crassipes) plant and its impact on biochemical

arameters
Concentration of
K,Cr,0; (ppm) 10 day 14 day 21 day Average
Chromium uptake by root | ¢ 5.49 7.17 7.84 6.83+1.21
(PP 25 14.68 16.13 17.25 16.0241.29
50 28.95 3237 | 41.73 34.3546.62
Chromium uptake by 10 0.28 031 037 0.33+0.04
shoot(ppm)
25 0.84 0.89 0.94 0.89+0.05
50 1.37 1.65 1.94 1.65+0.29
Relative Growth Control 1.208 1308 15 1.3420.15
10 1.167 1.283 1.417 1.29+0.13
25 1.125 1.108 1.208 1.1540.05
50 1.125 1.092 1.167 1.1320.04
Biomass Productivity Control 3.57 2.64 2.8 3.0020.50
(gm/day)
10 2.85 2.42 2.38 2.55+0.26
25 2.14 0.93 1.19 1.42+0.64
50 2.14 0.79 0.95 1.29+0.74
Total Chlorophyll (mg/100 | ) 88.4 88.77 83.98 87.05+2.67
em 10 81.25 74.55 71.78 75.86+4.87
25 77.42 72.55 69.43 73.13+4.03
50 7282 | 70.1 64.13 69.02:4.45
(Cnal‘rg‘;tleo‘z)‘;glfomem Control 11.61 11.37 11.35 11.44+0.14
10 14.74 15.33 14.09 14.7220.62
25 14.51 12.42 13.38 13.44+1.05
50 12.03 11.55 11.64 11.7420.26
Ascorbic Acid (mg/100gm) | coprol 62.67 62.42 63.15 62.75+0.37
10 93.1 95.4 102.67 | 97.06+5.00
25 11835 | 10372 | 110.58 | 110.88+7.32
50 127.49 | 140.05 | 155.46 | 141.0+14.01
Proline (umol/gm FW) Control 0.95 1.12 12 1.0940.13
10 3.12 3.33 2.8 3.08+0.27
25 2.45 3.01 228 2.58+0.38
50 2.8 2.49 1.58 2.12+0.48

concentration. The translocation of Cr from root to
shoot is restricted (Mishra et al., 2009). The
maximum amount of Cr accumulates in the roots

accumulate 100-fold higher Cr than the shoots
(Zayed et al., 1998b). It is probably due to poor
translocation of this element because of the

followed by shoots, leaves and fruits formation of insoluble Cr compounds (Singh ef al.,
(Ramachandran et al., 1980). Roots in general, 2013).
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Table 2.Bioconcentration factor and Translocation factor of chromium in water hyacinth (E.

crassipes) plant

Bioconcentration Factor (BCF)

10 day 14 day 21 day Average
0.55 0.72 0.78 0.68+0.12
0.59 0.65 0.69 0.64+0.05
0.58 0.65 0.83 0.69+0.13
Translocation Factor (TF)

10 day 14 day 21 day Average
0.052 0.044 0.047 0.048+0.004
0.057 0.055 0.054 0.055+0.002
0.047 0.050 0.046 0.048+0.002

Effect of Cr uptake on growth and biochemical
structure of water hyacinth

Relative plant growth

Relative plant growth of water hyacinth placed in
tap water aquarium was observed as 1.34+0.15.
Water hyacinth plants placed in aquarium filled
with 10 ppm of Cr solution showed growth rate of
1.29+0.13. However, plants placed in 25 ppm and
50 ppm of Cr solution showed a relative growth of
1.1520.05 and 1.13+0.04 respectively. Perusal data
summerised in Table 1 relative growth of plant was
found to be reduced with increased concentration of
Cr accumulated in plant. Chromium accumulation
in plants causes high toxicity in terms of reduction
in growth and biomass accumulation (Singh et al.,
2013).

Biomass Productivity

Biomass productivity of water hyacinth plant
placed in tap water aquarium was observed as
3.00+0.50 gm/day. Water hyacinth plants placed in
aquarium filled with 10 ppm of Cr solution showed
biomass productivity as 2.55%0.26 gm/day.
However, plants placed in 25 ppm and 50 ppm of
Cr solution showed biomass productivity as
1.42+0.64 gm/day and 1.29+£0.74 gm/day
respectively. According to the values depicted in
Table 1, the biomass productivity of water hyacinth
plant was found to be decreased with increasing
concentration of Cr accumulated in plant. It has
been reported that the accumulation of Cr results in
decrease in total biomass production in aquatic
plants (Sridhar et al., 2011).

Total chlorophyll content

Total chlorophyll content in water hyacinth plant
placed in tap water aquarium was observed as
87.05+2.67 mg/100 gm. Plants placed in aquarium
filled with 10 ppm of Cr solution exhibited
chlorophyll content as 75.86+4.87 mg/100gm.
However, plants placed in 25 ppm and 50 ppm of
Cr solution showed total chlorophyll content as
73.13+4.03 mg/100gm and 69.02+4.45 mg/100gm
respectively. The data summarized in Table 1
revealed that chlorophyll content of water hyacinth
was decreased with increasing the accumulation of
Cr in plant. Cr (III, VI) has been reported to alter
structures of chloroplast and nuclei and membrane
ultra structure in plants (Bassi et al, 1990).
Electron microscopic studies have demonstrated
that Cr exposure damage membrane systems of
thylakoids, chloroplast envelope, plasmalemma,
tonoplast and mitochondria (Appenroth et al.,
2003).

Carotenoid

Carotenoid content in water hyacinth plant placed
in tap water aquarium was observed as 11.4420.14
mg/100gm. Water hyacinth plants placed in
aquarium filled with 10 ppm of Cr solution showed
carotenoid content as 14.7220.62 mg/100gm.
However, plants placed in 25 ppm and 50 ppm of
Cr solution showed carotenoid content as
13.44+1.05 mg/100gm and 11.74+0.26 mg/100gm
respectively. As per the data summerised in Table 1
carotenoid content of water hyacinth plants
revealed gradual decrease with increase in
concentration of Cr solution with respect to
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increase in uptake of Cr by plants. Inhibition of
carotenoid in plants treated with metallic solution
was previously reported by (Phukaner al., 2015).
Ascorbic Acid

Ascorbic acid concentration in water hyacinth
plants placed in tap water aquarium was observed
as 62.75+0.37 mg/100gm. Water hyacinth plants
placed in aquarium filled with 10 ppm of Cr
solution showed ascorbic acid concentration as
97.06+5.00 mg/100gm. However, plants placed in
25 ppm and 50 ppm of Cr solution showed ascorbic
acid concentration as 110.88%7.32 mg/100gm and
141.00£14.01 mg/100gm respectively. The values
depicted in Table 1 revealed that the ascorbic acid
concentration in water hyacinth plant was found to
be increased with increasing the Cr concentration in
test solution. It has been reported the increased
production of ascorbic acid as a direct response to
Cr stress to plants (Shanker et al., 2005).

Proline

Proline content in water hyacinth plants placed in
tap water aquarium was observed as 1.09+0.13
umol/gm of fresh weight. Water hyacinth plants
placed in aquarium filled with 10 ppm of Cr
solution showed proline content as 3.08%+0.27
pmol/gm of fresh weight. However, plants placed
in 25 ppm and 50 ppm of Cr solution showed
proline content as 2.58+0.38 umol/gm and
2.12+0.48 umol/gm of fresh weight (Table 1). In
present study, proline content of water hyacinth
was initially increased till treated with 10 ppm
solution of Cr and further decreased on increasing
the concentration of Cr in test solution. However,
the rate of increase in proline content slowed down
after 14 days. The obtained results are in agreement
with (Bathla, 2016).

Conclusion

The present study revealed the significant increased
accumulation of chromium in plant root of water
hyacinth with increased concentration of Cr in test
solution. Although the plant root showed the ability
to restrict the movement of Cr from root to shoot as
translocation factor was found to be very low in
comparison to bioconcentration factor. The study
indicated that Cr is a toxic metal that induces
toxicity in plant by inducing the production of
ascorbic acid and reducing the growth rate of plant,
biomass productivity and other biochemical

parameters. Cr interferes with various metabolic
processes that are vital for plant growth and
development.
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