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Cadmium (Cd) is a nonessential heavy metal
found in agricultural soils by the use of pesticides,
disposal of sewage sludge into irrigation channels
and by continuous application of cadmium
containing phosphatic fertilizers (Kabata-Pendias
and Dudka 1990). Large amount of Cd in the soil is
predominantly through fertilizers, but the amount
of Cd present in them varies significantly. However,

it is estimated that rock phosphate source contains

around 10 mg-500 mg cadmium/Kg P. Though, Cd
has not been essentially needed for physiological
functions in plant, its high mobility in soil plant
system allows them to absorb rapidly by roots and
accumulates in shoots (Liu et al., 2010; Lux et al.,
2010). Nevertheless, the concentration of Cd in
plants varies with species, age, tissue type and its
mobility in the soil. According to Adriano (2001) the

factors such as pH, total amount of Cd in soil,
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source of Cd, organic matter, and soil types
determine the mobility and availability of Cd in
plants. Furthermore, accumulation of this metal
poses a potential risk to human and animal health,
as it is highly toxic and readily enters into the food
chain (Ngayila et al., 2009). On account of toxicity,
Cd has gained considerable attention on the agro-
ecosystem as well as on plant growth and
development. Available evidences indicated that
most plants are sensitive to cadmium exposure and
showed visible sign of red or dark red leaf margins,
chlorosis, leaf rolls, stunting and necrosis
(Benavides et al., 2005). It is also well known that
high concentration of Cd in soil significantly alter
physiology of plants which ultimately inhibit the
growth and decrease the productivity of plants
(zhou et al., 2006). The reduction in growth due to
Cd toxicity could be a direct consequence of
inhibition in photosynthesis, respiration, water and
nutrient uptake (Benavides et al., 2005; Scebba et
al., 2006; Zhou et al., 2006; Wong et al., 2008).

Phytoremediation, a technique uses plants to
treat soil contaminated with heavy metals, is an
emerging technology and has gained popularity
because of cost effectiveness, aesthetic advantages
as well as long term applicability (Salt et al., 1998;
Sarma, 2011). Though the concept was proposed
long ago to treat wastewater, it was reintroduced
to extract metal from contaminated soil by
Utsunamyia (1980) and Chaney (1983). In the last
decade extensive researches have been conducted
and identified few plant species from the member
of Asteraceae, Brassicaceae, Euphorbiaceae,
Fabaceae, Lamiaceae, Poaceae and
Scrophulariaceae for phytoremediation (Sarma
2011). However, reports on potential use of plants

from Leguminosae family in clearing soil polluted

with heavy metals is rare and currently, few
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evidences indicated that plants such as Lupinus
albus (Vazquez et al., 2006), Vicia faba (Pichtel and
Bradway, 2008) and Trifolium repens (Bidar et al.,
2009) are used in re-vegetation and
phytosabilization. The efficiency of
phytoremediation technology relies on suitability of
plants which can propagate easily and grow faster
in metal contaminated soils. In this view, the study
was initiated to explore the potential of Yard-long
bean (Vigna unguiculata subsp. sesquipedalis L.) in
phytoremediation. Yard-long bean, a vigorous
climbing annual crop belongs to the family
Fabaceae, serves as an important food legume
where its young leaf, green pods and green seeds
are used as vegetables and the haulms are fed to
livestock as nutritious supplement to cereal fodder.
It is grown primarily for its striking long (35-75 cm)
immature pods and also considered as an essential
component for intercropping system. The crop is
believed to evolve from cowpea (Vigna unguiculata
L.) Walp., which is native to subtropical regions and
most widely grown in Asia, especially in South and
South Eastern Asia, Thailand and Southern China. In
addition, the crop is well adapted to warm weather
(Hall, 2004) and grows well in poor soil (Hamidou et
al., 2007). Besides, we believe that these beneficial
features of this crop may play an important role in
remediation technology. Therefore the study was
initiated to examine i) the impact of cadmium
exposure at different concentrations on growth and
physiological activities of yard long bean and ii) to
assess the effectiveness of yard long bean to be a

potential candidate for Cd removal from soil.
MATERIALS AND METHODS

Seeds of yard long bean (Vigna unguiculata
subsp. Sesquipedalis) were sown in plastic pots
filled with acid washed riverbed sand and grown

under day light conditions with a temperature of 25
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+ 2°C. Soil in each pot was moistened with distilled
water to ensure germination and after the seedling
emergence it was supplied with Ferriera and Davis
(1987) nutrient solution. On sixth leaf stage,
Cadmium (CdCl,) was added to nutrient solution at
three concentrations viz., 0.5, 1.0 and 2.0 mM and
applied to the growing plants at every alternate
day. The nutrient solution without CdCl, addition
was used as control and the treatment was
continued for 6 weeks. Completely randomized
design was followed with three replications for
each treatment. For each treatment nine plants
were randomly selected and harvested after 6

weeks of study.
Growth parameters

After harvest, plants were separated as leaves,
root and shoot fractions. Various growth indices
such as number of leaves, shoot and root lengths
were measured. Fresh weights of root as well as
shoot were weighed and the samples were then
dried in an oven at 65°C until reaching constant

weight to determine the dry weight.
Relative Water Content (RWC)

Leaf relative water content (RWC) was
measured according to the method of Weatherly
(1950); five leaf samples were collected and
weighed to determine their fresh weight (FW). The
leaves were rehydrated by placing them in distilled
water for 6 h at 25°C in order to obtain turgid
weight (TW), followed by oven drying at 60°C for 48
h and reweighed the leaf samples to get their dry
weight (DW). The relative water content was
calculated using the following formula: Relative

Water Content (%) = (FW - DW) / (TW - DW) x 100
Determination of chlorophyll content

Total chlorophyll, chlorophyll a and chlorophyll

b were determined for control and Cd treated

plants by following the method described by
Harbone (1984). Fresh leaves (500 mg) were
homogenized in 80% acetone at 4°C. The extract
was centrifuged at 10,000 x g for 5 min. Absorbance
of the supernatant was read at 646 nm and 663 nm

using a UV-Vis spectrophotometer.
Determination of Total soluble protein

Total soluble protein was determined by
following the method of Bradford (1976). Fresh
plant material of 1.0 g was homogenized in 5 ml of
extraction buffer (50 mM Tris-HCl; pH-8, 1 mM
PMSF, 10% (v/v) glycerol) and centrifuged at 20,000
rom at 4°C for 20 min. Aliquot of the extract was
used for determining protein concentration using
bovine serum albumin (BSA) as a standard. SDS-
PAGE was performed according to Laemmli (1970)
and the gels were stained with 0.03% Coomassie

Brilliant Blue.
Determination of cadmium ion

Metal content was determined by following
Hajiboland (2005); around 0.2 g of powdered plant
material was digested with 5 ml of 10% (v/v) nitric
acid at 90°C for 1 h. The suspension was cooled and
centrifuged at 6000 rpm for 10 min. The nitric acid
extraction procedure was repeated thrice. All
supernatants were pooled and made up to a known
volume (10 ml). The working standards were
prepared by serial dilution of the standard stock
solutions and used for the calibration of Atomic
Absorption  Spectrophotometer  (AAS). The
cadmium concentrations in plant parts such as

leaves, shoots and roots were determined by using

AA 700- Perkin EImer’s AAS.
Determination of metal tolerance

Metal tolerance was calculated (Ximenez-
Embun et al., 2002) using the mean weight of a

plant grown in the presence of a metal divided by
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the mean weight of a control plant and expressed it
as percentage. An index of tolerance of 50% is
considered to be the minimum desired biomass
production for plants growing in a metal

contaminated site.
Statistical analysis

The data collected from different levels of
cadmium exposure were compared with the control
to determine the morphological and physiological
responses in yard long bean using statistical
software program SPSS (Version13.0) for windows.
Data presented in the text and table is mean %
standard deviation and the error bars in the figure
indicate standard deviations. Analysis of variance
(ANOVA) was carried out to test significance of the
differences between control and treatments
followed by a LSD post Hoc multiple comparison of

mean.
RESULTS

Effect of excessive Cd uptake on growth and

morphology

The progressive levels (0, 0.5, 1.0 and 2.0 mM)
of Cd exposure drastically affected the growth and
metabolism of yard long bean (Table-1). Excessive
concentration of Cd was toxic and it was evident
from visible symptoms of chlorosis and leaf
senescence. The increasing concentration of Cd in
nutrient solution (2.0 mM) have reduced the
number of leaves from 12.89 £ 0.5 to 9.78 £ 0.52 as
compared to control by 24.13%. The measures of
seedling length also varied from 11.0%, 22.9% to
32.5% respectively with 0.5 mM, 1.0 mM and 2.0
mM levels of Cd. The fresh weight and dry weight
obtained from plant organs such as root, shoot,
leaves and whole plant served as useful indicators
for metal uptake. Both, the fresh and dry weights

were affected at higher concentrations (i.e.,) 1.0
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mM and 2.0 mM of Cd in the nutrient solution. The
root fresh weight was reduced approximately by
24.3% and 36.1% when exposed to 1.0 and 2.0 mM
of Cd. Mean while the reduction in shoot fresh
weight was recorded around 25.0% and 29.9%,
whereas the reduction was more pronounced in
leaves (29.9% and 36.8%) and whole plant (22.9%
and 32.5%). Like fresh weight, dry weights also
showed marked difference in the uptake of Cd.
Excessive Cd affected the root dry weight (62.3% to
65.3%) and shoot dry weight (55.4% to 61.2%).
Analysis of variance had shown a significant
differences for seedling length, fresh and dry
weights (p <0.05) at 1.0 mM and 2.0 mM of Cd,
when comparison was made between control and

treatments of various plant organs.
Effect of Cd uptake on physiology of long bean

Cadmium accumulation not only affected the
plant growth but also altered physiological
functions like RWC, photosynthetic pigment,
protein biosynthesis, etc.,. The result on RWC
presented in Figure la explained a slight decrease
at 0.5 mM Cd compared to control and declines
sharply at increasing concentrations viz., 1.0 mM
and 2.0 mM. The leaf RWC decreased from 9% in
0.5 mM to 28% in 2.0 mM Cd.

The data presented in Fig. 1b showed that Cd
treatment markedly altered the concentration of
photosynthetic pigment. Estimation of total
chlorophyll content decreased in response to
progressive Cd concentrations and it ranged from
4.18 mg/L (control) to 0.88 mg/L (2.0 mM Cd). The
amount of chlorophyll b was lower than chlorophyll
a in control and in all treatments. A significant
difference was also noticed for chlorophyll content
between control and treatment, among the
treatment 1.0 mM and 2.0 mM of Cd severely

affected the physiology of the plant.
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The effect of Cd on total soluble protein content
presented in the Fig. 1c indicated that protein
synthesis was also affected greatly by cadmium
treatment. Among the plant parts, the protein
synthesis was more in leaf tissues (14.95 + 0.95 mg
L't06.87+ 1.2 mg L"), followed by shoot (4.74 +
0.61mglL*to4.48+ 0.62 mgL™) and root (2.56 +
0.46 mgL*t01.82 + 0.36 mg L"). Decreased in the
total protein content due to Cd treatment is
apparent from the banding pattern of SDS-PAGE
leaf protein profile (Fig. 1d). A significant difference
in plants protein content was noticed between

plants treated with cadmium and control as well.
Accumulation of Cd in yard-long bean

The level of Cd accumulated in the roots, stem
and leaves of yard long bean was analyzed and the
result is presented in Figure 2a. The plant showed
enhanced level of Cd accumulation with increasing
Cd concentration. A significant higher amount of Cd
was accumulated in all the plant parts compared to
control plants. However, wider variations were
noticed in the rate of accumulation of Cd among
the plant parts. For example, roots retained higher

Cd (from 3.9 + 0.001 mg/g to 6.09 + 0.03 mg/g)

than shoot (from 0.31 + 0.01 mg/g to 0.60 * 0.002
mg/g) and leaves (0.12 = 0.003 mg/g to 0.46 + 0.002
mg/g). The result showed that plant species differ
greatly in their ability to uptake and transport Cd
within the plant. In yard long bean differential
mobility of Cd is in the order of root > shoot > leaf.
The movement of metals in plants was determined
using translocation factor (TF), it is the ratio
between Cd concentration in shoots and roots. The
ratio between the shoot and root Cd was recorded
as 0.08, 0.12 and 0.13 respectively for 0.5 mM, 1.0
mM and 2.0 mM levels of Cd. The result indicated
that the TF value for all the treatments were less
than 1 evidencing a slow translocation rate of Cd

between these organs.
Metal tolerance

Metal tolerance index presented in Fig. 2b
revealed the level of tolerance of yard long bean
grown in Cd treatment. Considerable higher
percentage was noticed for increased concentration
of Cd and the tolerance levels were 93.3%, 74.2%
and 65.1% respectively for 0.5 mM, 1.0 mM and 2.0

mM concentration of Cd.

Table 1. Effect of different concentration of Cd on growth parameters of yard long bean (Vigna

unguiculata subsp. sesquipedalis L.).

Growth parameters

Cadmium Concentrations

Control 0.5 mm 1.0 mM 2.0 mM
No. of leaves 12.89 £ 0.51° 11.56 + 0.81% 10.89 £ 0.72%° 9.78 £0.52°
Root length (cm) 17.08 +1.73° 14.29 + 1.20*® 13.54 + 0.72%° 12.73 £0.42°
Shoot length (cm) 73.20+4.72° 65.10 + 2.84* 56.48 +2.47™ 49.49 + 1.85°
Root fresh weight (g) 2.075 +0.19° 1.876 +0.18° 1.571 +0.31° 1.326 + 0.10°
Shoot fresh weight (g) 2.453 +0.13° 2.191 40.13* 1.840 + 0.24°° 1.720 £ 0.15°
Leaves fresh weight (g) 3.557 £ 0.25° 3.347 £0.27*° 2.493 +0.30* 2.249 £ 0.29°
Whole plant fresh weight (g) 8.085 + 0.42° 7.414 £ 0.48® 5.904 + 0.58"™ 5.296 + 0.44°¢
Root dry weight (g) 0.167 +0.02° 0.151 +0.01° 0.063 +0.01° 0.058 +0.01°
Shoot dry weight (g) 0.260 + 0.02° 0.254 +0.02° 0.116 £ 0.01° 0.101+0.01°
Leaves dry weight (g) 0.349 +0.02° 0.309 £ 0.02° 0.220 £ 0.02° 0.182 £0.01°
Whole dry weight (g) 0.776 + 0.03° 0.405 +0.02° 0.399 +0.03° 0.341 +0.01°

Data represent the mean * SE (n = 9), values followed by different letters in a same line are significantly

different at P < 0.05.
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DISCUSSION

Effect of excessive Cd uptake on growth and

morphology

In the present study, effect of different levels of
cadmium exposure on morphology of yard long
bean was investigated. The Cd stress was found to
alter the plant growth and development in yard
long bean and the most common adverse effect is
the appearance of chlorosis and leaf senescence.
Karimi et al. (2012) also noticed visible symptoms in
Vicia faba grown in soil contaminated with heavy
metals like cadmium, lead and nickel. According to
them, the appearance of discoloration in leaves is
probably due to antagonistic effect between heavy
metals and essential nutrients. Reduction in leaf
number noticed in the present study coincides with
the findings of Pastor et al. (2003) who reported a
similar reduction in leaf production, when Lupinus

albus was grown in acidic soil treated with Zn.

A retarded development of growth in response
to Cd was indicated by noticeable differences in the
measures root and shoot length. Variation in root
and shoot length may attribute to reduction in cell
division and elongation in meristematic tissue which
eventually inhibited the plant growth. The present
result is in agreement with the earlier findings of
Chen et al. (2003) in soybean, Lima et al. (2006) in
Pisum sativum, Shafiq et al. (2008) in Leucaena
leucocephala as well as Qadir et al. (2004) and
Sharma et al. (2010) in Brassica juncea. Besides,
excessive Cd affected the root more severely than
the shoot growth as a result; the root becomes
denser and appears shorter as well as thicker. Lima
et al. (2006) demonstrated that root system
primarily responds to Cd in soil and restrain its
uptake to above ground parts. The result also

showed a decrease in fresh and dry weight which

may associate with reduction in seedling growth as
well as leaf loss. The study is in accordance with the
findings of Zornoza et al. (2002) where they noted
reduction in shoot and root dry weight in white

lupin when grown hydrophonically at 45 uM Cd.
Effect of Cd uptake on physiology of long bean

The Cd treatment has brought significant
negative effect on the physiological response of
yard long bean and it is evident from the result that
Cd treatment had disturbed plant water
relationship and mineral nutrition which in turn
challenges the structural organization and
functional activity of photosynthetic apparatus. The
result is in agreement with Rivelli et al. (2012) who
showed that reduced water relations in sunflower
due to Cd treatment was accompanied by altering

the concentration of essential nutrients in tissues.

The photosynthetic pigments; chlorophyll a,
chlorophyll b and total chlorophyll in the leaves
were sensitive to the cadmium toxicity. Changes in
the amount of chlorophyll content per unit area
observed in the study were associated with
alteration in cell division and chloroplast replication
which drastically reduced the number of
chloroplasts (Baryla et al., 2001). In the study,
reduced chlorophyll content confirmed that excess
Cd cause damage to photosynthetic apparatus and
developed chlorosis symptoms. Suppression of
photosynthetic activity by metal stress is in
agreement with earlier reports (Sun et al., 2008;
Ogbuchi et al., 2011) and several suggestions were
made concerning the effect of Cd on photosynthetic
activity: i) inhibition of &-aminolevulinic acid
dehydratase (ALA-dehydratase) and
protochlorophyllide reductase associated with
chlorophyll biosynthesis, ii) impairment in the
supply of Mg® and Fe* required for chlorophyll

synthesis, iii) inhibition of carbonic anhydrase due

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 10 No. 2 2014



Deivanai and Thulasyammal

to Zn® deficiency, iv) replacement of Mg* ions
associated with the tetra-pyrrole ring of chlorophyll
molecule (John et al., 2008; Nikolic et al., 2008).
Further, earlier works on Cd toxicity in plants have
documented that the metal induced changes in CO,
fixation, stomatal conductance, electron transport
and enzyme activity there by inhibiting the rate of
photosynthesis (Scebba et al., 2006; Hayat et al.,
2007).

A decreased in total soluble protein content
noticed in the study coincided with the report of
John et al. (2008) in Lemna polyrrhiza L exposed to
cadmium and lead. The observed reduction in total
protein content may attribute to several reasons
such as: i) increased protease activity may enhance
protein degradation and inhibit protein synthesis
(Palma et al., 2002), ii) incorporation of free amino
acids into protein (Cheetri et al., 2004) and iii)
impairment of photosynthetic activity through cell
injury and disruption of cell membrane (Ogbuchi et

al., 2011).
Accumulation of Cd in yard-long bean

Accumulation of Cd varied widely with the
components of yard long bean; among the plant
parts, root region accumulated more Cd than the
shoots and the leaves. Accumulation of Cd thus
observed in the root is in agreement with the
previous observation by Zornoza et al. (2002), Page
et al. (2006) and Vazquez et al. (2006) in lupin to
heavy metal stress. Similar finding was also
reported from various plant species (Zornoza et al.,
2002; Benavides et al.,, 2005; Mendez and Maier
2008; Nedjimi and Daoud 2009) in which the Cd
ions were retained mainly in the roots and only
small amounts were transported to shoots. The
reports also illustrated that the charge of metal ion
bound with carboxyl group of mucilage uronic acid

restricts the movement across the cell membrane
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thereby prevents the transport of metal to shoots.
Whereas, some authors (Lima et al.,, 2006; Mishra
et al., 2006; Almeida et al., 2007; Sharma et al.,
2010) suggested that confinement of Cd in the root
tissue may be due to sequestration in vacuoles by
glutathione and phytochelatins. Redjala et al. (2009)
opinioned that root apoplast probably act as a
driving force to extract the metal from the soil.
While, Fediuk and Erdei (2002) speculated that the
decrease in Cd from root to shoot might be due to
the presence of thiol metal complexes which

inhibited transportation.

Potential for phytostabilization of soils

contaminated by Cd

The study confirmed that yard long bean
retained considerable amount of Cd in its root than
shoot due to weak translocation through vascular
system, indicating defense mechanism of the roots
against toxic effect. Indeed, accumulation of Cd in
root tissue seems to be interesting in view of
phytostabilization technology, where the metal
contaminants of the soil are adsorbed and
accumulated in roots. According to Mendez and
Maier (2008), a plant species recognized for
phytostabilization accumulates more metal in root
than shoot and limit the metal transfer through
food chain. However, the  success of
phytostabilization depends on the establishment
and survival of plants. The ability of the crop to
tolerate Cd stress was assessed using metal
tolerance index; the index was found to be greater
than 50% in all the treatments which ensured
desirable biomass production to ameliorate the
toxic effect. The result is in agreement with
previous result of Kabata and Pendias (2001) and
Kopittke et al. (2008) who reported that a

maximum tolerable and phyto-toxicity threshold

level of plants is around 10 — 100 mg/kg of Cd.
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CONCLUSION

The study demonstrated that progressive levels
of Cd altered physiological process and significantly
modified the morphology of yard long bean.
Further, higher concentration of Cd induced
synthesis of phytochelatins in the roots and
provided greater tolerance which enabled the
plants to grow with substantial biomass. In general,
Vigna unguiculata is adaptable to high temperature
and drought conditions; it seems that the crop can
be considered as a promising candidate for
phytostabilization. Though pot experiment proved
to be effective in clearing Cd contaminants, field
trials are necessary to confirm the efficacy of
phytostabilization strategy to reclaim soils enriched

with cadmium.
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